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ABSTRACT

Cardiovascular disease (CVD) is the leading cause of death in the United States
[1]. Prospective studies have shown that dark chocolate/cocoa intake is associated with
a decreased risk of CVD events [2, 3]. Consistent results were observed in the previous
randomized controlled trials in which the consumption of dark chocolate/cocoa improved
endothelial function and blood pressure [4, 5]. Almonds are a rich source of
monounsaturated fatty acids, plant protein, and minerals. Previous intervention studies
have demonstrated that almond consumption has lipid lowering effects [6, 7]. However,
the combined consumption of dark chocolate/cocoa and almonds has not been
investigated in a controlled-feeding setting.
We hypothesized that the individual and combined consumption of dark
chocolate/cocoa and almonds would favorably affect CVD risk factors; the effects will be
greatest when both dark chocolate/cocoa and almonds were consumed compared with a
control diet. A randomized, 4-period, crossover, controlled-feeding trial was conducted in
31 overweight and obese participants with elevated low-density lipoprotein cholesterol
(LDL-C). Each treatment period was 4 weeks long, followed by a 2 week compliance
break. Participants consumed each of 4 isocaloric, weight maintenance diets with 1) no
treatment foods (Average American Diet, AAD), 2) 42.5 g of almonds/day (ALD), 3) 18 g
of cocoa and 43 g of dark chocolate/day (CHOC), or 4) both foods (CHOC+ALD) for 4
weeks.
The concentrations of total cholesterol (TC), non-high-density lipoprotein
cholesterol (non-HDL-C) and LDL-C were lower after the ALD compared with the AAD
(P < 0.05). The CHOC+ALD decreased apolipoprotein B (ApoB) compared with the AAD
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(P < 0.05); however, the CHOC did not affect any of lipids and lipoproteins. For LDL
subclasses, the ALD decreased large, buoyant LDL particles by -5.7 % (LDL1+2) whereas
the CHOC+ALD decreased small, dense LDL particles (LDL3+4) by -12.0 % (P < 0.05).
There were no treatment effects on blood pressure, endothelial function and markers of
oxidative stress. Percentage reductions in Framingham 10-year coronary heart disease
(CHD) risk score from baseline were significant after the ALD (-16.98 ± 4.37%, P < 0.01)
and CHOC+ALD (-10.77 ± 4.37%, P < 0.05).
None of the treatment diets influenced C-reactive protein (CRP). Participants
were divided into low and high inflammatory groups, using median CRP value at
baseline (1.2 mg/L). There were significant interaction effects between treatment and
baseline CRP status for ApoB (P = 0.04), diastolic blood pressure (P < 0.01), and LDL
oxidation (P = 0.03). The level of ApoB was significantly decreased from baseline after
the AAD, ALD, and CHOC+ALD in individuals in the low inflammatory group; however,
there were no changes in ApoB in those in the high inflammatory group. The reductions
in diastolic blood pressure were observed after the AAD (P = 0.01), ALD (P < 0.001),
and CHOC (P < 0.001) in those with a low CRP, but not in those with a high CRP (P >
0.05). Furthermore, the lag time of LDL oxidation tended to increase after the
CHOC+ALD (P = 0.08) in individuals in the low CRP group whereas there were no
changes in the LDL oxidation in those in the high CRP group.
Our study demonstrates that consumption of almonds alone or combined with
dark chocolate improves lipid, lipoprotein, and apolipoprotein profiles, which results in
decreasing Framingham 10-year CHD risk scores. Furthermore, CRP modulated dietinduced metabolic changes. Baseline inflammatory status should be taken into account
in future diet intervention studies.
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Chapter 1 Introduction

Heart disease is the leading cause of death in the United States, accounting for
nearly 610,000 deaths in 2015 [1]. Suboptimal diet quality led to 678,000 annual deaths
in 2010; one of the major contributors was insufficient nut consumption [1].
Epidemiologic studies have reported that nut consumption is correlated with a
decreased incidence of coronary heart disease [8, 9]. Among tree nuts, almonds are a
source of monounsaturated fatty acids, plant protein, fiber, and minerals [10]. Previous
intervention studies have demonstrated that the consumption of almonds improves lipid
profiles by decreasing total and low-density lipoprotein cholesterol while preserving highdensity lipoprotein cholesterol [7, 11, 12].
Flavonoids are a subclass of polyphenols and have antioxidant and antiinflammatory effects [13, 14]. Compared with high flavonoid foods such as red wine,
black tea, cranberry juice, and apples, dark chocolate is higher in flavonoids [15].
Previous intervention studies have shown consistently that dark chocolate or cocoa
improves vascular health by decreasing blood pressure [16, 17] and increasing flowmediated dilation, a measure of endothelial function [18, 19]. A potential mechanism that
explains these effects is that (-)-epicatechin, a monomeric flavanol in dark chocolate,
stimulates endothelial nitric oxide synthase and increases the production of vasodilating
nitric oxide, which may lower blood pressure [20, 21]. Despite the clinical evidence of
beneficial effects of individual consumption of almonds and dark chocolate on
cardiovascular risk factors, the combined effects of both foods have not been evaluated
in a well-controlled feeding study.
The purpose of this dissertation research was to conduct a well-controlled
feeding study designed to evaluate the effects of individual or combined consumption of
1

dark chocolate/cocoa and almonds on cardiovascular risk factors in overweight and
obese individuals with elevated low-density lipoprotein cholesterol. The secondary
purpose was to explore whether diet-induced metabolic changes are modulated by
inflammatory status. For exploratory analyses, all of the study outcomes were further
analyzed by baseline C-reactive protein, a biomarker of inflammation, which provides
insights how inflammation affects diet-induced metabolic responses.
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Chapter 2 Literature Review

2.1 Nutrient profile of dark chocolate/cocoa and almonds
2.1.1 Nutrient profile of dark chocolate and cocoa
Cocoa beans are the dried and fermented seeds from the plant, Theobroma
cacao. In whole cocoa beans, 50-57% of the dry weight is cocoa butter. Cocoa butter is
comprised of about 34% stearic acid (18:0), 34% oleic acid (18:1), 25% palmitic acid
(16:0), and 2% linolenic acid (18:3) [22]. The consumption of saturated fatty acids
(SFAs) is associated with an increased incidence of coronary heart disease (CHD) [23].
However, stearic acid is not considered to be an atherogenic fatty acid because it has a
neutral effect on low-density lipoprotein cholesterol (LDL-C) and high-density lipoprotein
cholesterol (HDL-C) compared with other SFAs [24]. A potential mechanism that
explains this effect is that stearic acid is partially converted to oleic acid (18:1) via a
desaturase enzyme in the liver [25]. Oleic acid (18:1) is a monounsaturated fatty acid
(MUFA) that does not increase blood lipids and lipoproteins [26]. Cocoa butter contains
phytosterols, such as β-sitosterol, stigmasterol and campsterol [27]. Phytosterols have
lipid lowering effects by competing with cholesterol in micelle formation, which in turn
decreases cholesterol absorption [28].
Unprocessed cocoa beans contain bran that contributes approximately 15% of
the weight of the cocoa bean. Cocoa bran is a source of insoluble and soluble fiber that
could contribute to lower serum lipids and lipoproteins [29]. Most of the cocoa bran is
lost after processing; hence, cocoa powder contains less than 2% of the bran present in
unprocessed cocoa beans. Another source of fiber in cocoa is carrageenan, a soluble
fiber derived from red seaweed, which is added to dark chocolate/cocoa during
3

processing. Together, 20 g and 10.9 g of fiber are present in 100 g of cocoa and 100 g
of dark chocolate, respectively [10].
Dark chocolate contains several minerals, such as magnesium, copper,
potassium, and calcium. The quantity of minerals in chocolate depends on the amount of
cocoa solids that remains after cocoa butter is extracted from cocoa beans; dark
chocolate is higher in minerals than milk chocolate (Table 2-1).
Magnesium has been shown to improve arterial function by blocking calcium
deposition in the arterial wall [30]. A meta-analysis of 16 prospective cohort studies by
Del Gobbo et al. [31] showed that there was an inverse association between circulating
and dietary magnesium and cardiovascular disease (CVD) risk. The Recommended
Dietary Allowance (RDA) for magnesium is 420 mg/day for males 31 years or older and
320 mg/day for females 31 years or older. Dark chocolate (100 g) with 70-85 % cacao
solids contains 228 mg of magnesium [10], which can provide 54% of RDA for
magnesium for males aged 31 years or older and 71% of RDA for magnesium for
females aged 31 years or older.
Copper is low in the western diet [32]. Biologically, it plays a role in collagen
cross-linking and copper-dependent enzymes, such as erythrocyte superoxide
dismutase, plasma ceruloplasmin, and plasma diamine oxidase [33]. The RDA for
copper is 900 µg/day for adults 19 years or older. Dark chocolate (100 g) contains 1,766
µg/day, which exceeds the RDA of copper.
Potassium is important to maintain cellular osmolarity and membrane potential,
which in turn influences vascular tone and other biochemical pathways through ATPsensitive potassium channels [34]. A large epidemiologic study by Ascherio et al. [35]
showed that there was an inverse association between dietary potassium intake and the
risk of stroke. This finding was reinforced by the results from animal and human studies
[36, 37]. There is 715 mg of potassium in 100 g of dark chocolate with 70-85% cacao
4

solids. The Adequate Intake (AI) of potassium is 3,800 mg/day for males 19 years or
older and 2,800 mg/day for females 19 years or older. 100 g of dark chocolate
contributes 19% for males and 26% for females of the daily AI of potassium.
Calcium is an essential electrolyte required for critical biological functions
including muscle contraction, vascular tone, nerve transmission, and enzyme-mediated
processes [38]. The DRI for calcium is 1,000 mg/day for all adults 19 through 50 years of
age. In vivo and in vitro studies have shown that calcium down-regulates activity of
renin-angiotensin system [39], improves sodium-potassium balance [40], and decreases
vascular smooth muscle tone [41]. Thus, it may contribute to blood pressure regulation.
A cohort study by Bostick et al. showed that higher calcium intake is associated with a
decreased ischemic heart disease mortality in postmenopausal women [42]. However,
some epidemiologic studies showed no association between dietary calcium intake and
incidence of CHD [43, 44]. Furthermore, Hilpert et al. suggested that a dairy-rich, high
fruits and vegetable diet lowered intracellular calcium, which was positively correlated
with change in blood pressure [45]. Dark chocolate (100 g) with 70-85% cacao solids
contains 73 mg of calcium.
Dark chocolate/cocoa is a source of polyphenols, specifically flavonoids.
Flavonoids are a subclass of polyphenols. They have a common structure consisting of
two aromatic rings (A and B) bound together by three carbon atoms that form an
oxygenated heterocycle (ring C). They are further categorized into 6 subclasses as a
function of the type of heterocycle involved: flavonols, flavones, isoflavones, flavanones,
anthocyanidins, and flavanols (catechins and proanthocyanidins). Flavonoids have
antioxidant [13] and anti-inflammatory effects [14]. Processing may reduce the flavonoid
content of the final product. Cacao beans have the highest content of flavonoids
compared with cocoa powder, dark chocolate, and milk chocolate (Table 2-2). Dark
chocolate has a higher percentage of cacao solids than milk chocolate, therefore, the
5

content of flavonoids in dark chocolate is higher (108.6 mg compared with 15.04 mg,
Table 2-2). Compared with high flavonoid foods including red wine, black tea, cranberry
juice cocktail, and apples, dark chocolate has a higher quantity of flavonoids (Table 2-3).

Table 2-1. Macro- and micronutrients of cocoa powder, chocolate syrup, dark, milk, and
white chocolate per 100g serving

Product

Energy
(kcal)

CHO
(g)

Sugar
(g)

PRO
(g)

FAT
(g)

DRI
Cocoa Powder:
100g
1 Tbsp
Chocolate Syrup:
100 g
2 Tbsp
Dark Chocolate
(45-59% cacao
solids)
Dark Chocolate
(60-69% cacao
solids)
Dark Chocolate
(70-85% cacao
solids)
Milk chocolate

Ca
(mg)

Mg
(mg)

K
(mg)

Na
(mg)

Cu
(mg)

1,000

300400

4,700

1,500

0.9

228
12

57.9
3

1.8
<0.1

19.6
<1

13.7
0.5

128
7

499
27

1524
82

21
1

3.8
0.2

279
109

65.1
25

50
19

2.1
<1

1.1
<1

14
5

65
25

224
87

72
28

0.5
0.2

546

61.1

48

4.9

31.4

56

146

559

7

1.0

579

52.4

37

6.1

38.3

62

176

567

10

1.0

598

45.9

24

7.8

42.6

73

228

715

20

1.8

535

59.4

52

7.7

29.7

189

63

372

79

.5

White
539
59.3
59
5.9
32.1
199
12
286
90
0.1
Chocolate
*Data obtained from the USDA Agricultural Research Services Database. Release 28. September 2015
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Table 2-2. Flavonoid content in 100 g of cacao beans, cocoa powder, dark chocolate
and milk chocolate

Flavan-3-ols,
mg

Flavonols, mg

Cacao beans

Cocoa
powder,
unsweetened

(-)-Epicatechin

99.18

196.43

(-)-Epigallocatechin

156.67

-

(+)-Catechin

88.45

64.82

(+)-Gallocatechin

8,262

-

-

-

10.00

-

-

Quercetin

Total Flavonoids, mg

8606.3

Dark chocolate

84.40

Milk chocolate

10.88

24.20

271.25

108.6

4.16

15.04

*Data obtained from the USDA Agricultural Research Services Database. Release 28. September 2015

Table 2-3. Flavonoid content (mg) of dark chocolate versus other high flavonoid foods

Per 100 g

Dark chocolate

Apples

Cranberry
juice cocktail

Red wine

170.0

106.0

12.6

22.0

85.0

130.0

20.0

25.0

Brewed black
tea*
40.0

Per 100 kcal

*Per 2 g tea bag/200 mL water
Adapted from Steinberg et al. J Am Diet Assoc 103: 215-23.

2.1.2 Nutrient profile of almonds
Almonds are grown mainly in the United States with production concentrated in
California. According to a report by Food and Agriculture Organization of the United
Nations Statistics Division, 63.2 % of almonds were produced by the United States from
2013 to 2014. Almonds are high in MUFAs and low in SFAs. In the scientific report from
the 2015 Dietary Guidelines Advisory Committee, the regular consumption of nuts and
legumes and moderate consumption of alcohol were recommended as components of a
healthy dietary pattern [46].
Almonds contain 49.93 g of total fat per 100 g: 3.8 g of SFAs, 31.6 g of MUFAs
and 12.3 g of polyunsaturated fatty acids (PUFAs) (Table 2-4). 87.3 % of total fat comes
7

from oleic acid (18:1, n-9) and linoleic acid (18:2, n-6). Compared with other tree nuts
and the legume, peanuts, almonds contain a higher amount of MUFAs (33.1 g compared
with 8.9 g, 24.4 g, 23.3 g per 100 g of walnuts, peanuts, and pistachios, respectively)
(Table 2-5). A review by Gillingham et al. reported that dietary MUFAs may prevent
CVD risk by modulating blood lipids, blood pressure, and insulin sensitivity [26].
Almonds are a source of protein; 21.2 g of protein is present in 100 g of almonds.
Among the amino acids in almonds, arginine is the precursor of the endothelium-derived
relaxing factor, nitric oxide. Almonds contain 2.4 g of arginine per 100 g. Creager et al.
found that intravenous administration of L-arginine (10 mg/kg per min) increased the
forearm blood flow in response to methacholine in hypercholesterolemic humans [47].
Almonds contain 164.7 mg of phytosterols per 100 g. The primary phytosterol in
almonds is β-sitosterol that consists of 74.1% of total phytosterols. In addition, there are
small amounts of stigmasterol and campesterol (Table 2-4). Phytosterols have a similar
structure to cholesterol, and they compete with cholesterol when micelles are formed,
which in turn decreases cholesterol absorption [48]. Mackay et al. showed that
consuming 2 g of phytosterols for 4 weeks lowered total cholesterol (TC) (-0.25 ± 0.05
mmol/L) and LDL-C (-0.17± 0.04 mmol/L) in 63 hypercholesterolemic adults [49]. It is not
yet clear as to the optimum intake of sterols/stanols [50]. The 2015-2020 Dietary
Guidelines for Americans recommend 14 g of dietary fiber/1,000 kcal [51]. The fiber
content of almonds is 12.5 g per 100 g of almonds.
Calcium, magnesium, phosphorus, and potassium are the predominant minerals
in almonds. 100 g of almonds contain 268 mg of calcium, 481 mg of phosphorus, 279
mg of magnesium, and 713 mg of potassium. In addition, there are small amounts of
copper, selenium, and zinc in almonds. In an epidemiologic study by Adebamowo et
al.[52], higher intakes of magnesium and potassium were associated with reduced risk of
stroke in women. Consistently, results from randomized controlled trials (RCTs) showed
8

that calcium, magnesium, or potassium, have independent, beneficial effects on
cardiovascular risk factors such as cholesterol [53], blood pressure [54], and endothelial
function [37].
Vitamin E is present in almonds; almonds (100 g) provide 23.9 mg of vitamin E.
The RDA for vitamin E is 15 mg/day for all adults. The content vitamin E per 100 g of
almonds exceeds the RDA for vitamin E. Vitamin E is a tocopherol, which has
antioxidant properties. There are eight different forms of tocopherol (alpha-, beta-,
gamma-, and delta-tocopherols and alpha-, beta-, gamma-, and delta- tocotrienols) [55].
Of these, α-tocopherol has been extensively studied in humans. Jialal et al. [56] reported
that supplementation of α-tocopherol for 8 weeks decreased the oxidation of LDL;
oxidized LDL stimulates the conversion of macrophages to foam cells, which play an
important role in the pathogenesis of atherosclerosis [57]. Epidemiologic studies have
shown that higher plasma vitamin E is associated with a lower risk of CVD [58, 59].
Furthermore, phenolic compounds are localized in almond skins, including flavonols,
flavanols, flavanones, anthocyanins, procyanidins, and phenolic acids, which have been
found to have antioxidant [13] and anti-inflammatory effects [14].
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Table 2-4. Nutrient profile of almonds

Nutrient

Value per 100 g of
almonds

Value per 1 oz. of
almonds

579.0

164.0

Carbohydrate, g

21.6

6.1

Protein, g

21.2

6.0

2.4

0.7

49.9

14.2

3.8

1.1

MUFAs, g

31.6

8.9

PUFAs, g

12.3

3.5

Total energy, kcal

Arginine, g
Fat*, g
SFAs, g

Cholesterol, mg
Fiber, g

0.0

0

12.5

3.5

Magnesium, mg

270.0

79.0

Phosphorus, mg

481.0

134.0

Potassium, mg

733.0

202.0

α-tocopherol, mg

25.6

6.8

Phytosterols, mg

164.7

46.8

Stigmasterol

4.0

1.0

Campesterol

4.0

1.0

122.0

35.0

34.7

9.8

Beta-sitosterol
Other phytosterols

*SFAs, saturated fatty acids; MUFAs, monounsaturated fatty acids; PUFAs,
polyunsaturated fatty acids
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Table 2-5. Fatty acid composition of tree nuts and the legume, peanuts*
Almond

Walnut

Peanut

Pistachio

52.5

65.2

49.2

45.3

4.1

6.1

6.3

5.9

MUFAs, g

33.1

8.9

24.4

23.3

PUFAs, g

13.0

47.2

15.6

14.4

Fat, g
SFAs, g

*Value per 100 g of nuts. SFAs, saturated fatty acids; MUFAs, monounsaturated fatty
acids; PUFAs, polyunsaturated fatty acids

2.2 Evidence for dark chocolate/cocoa benefits on CVD risk factors
2.2.1. Observational studies of dark chocolate/cocoa and incident CVD
Among numerous dietary sources of flavonoids, cocoa has been shown to have
the highest content of flavonoids compared with other high flavonoid containing foods
including tea and wine [15]. Seven prospective studies and one cross-sectional study
have been conducted to investigate the association between cocoa or dark chocolate
consumption and CVD (Table 2-6). Kwok et al. [2] reported that participants in the
European Prospective Investigation into Cancer - Norfolk cohort who consumed 16-99 g
of chocolate per day had a 23% lower risk of CHD compared with those who consumed
less than 0.6 g of chocolate per day (95% CI: 0.62 to 0.97). Consistent results were
observed in other prospective cohort studies [3, 60-64]. In a cross-sectional study by
Djousse et al.[65], odds ratios (95% CI) for CHD were 1.01 (0.76-1.37), 0.74 (0.56-0.98),
and 0.43 (0.28-0.67) for participants who consumed chocolate 1-3 times/month, 1-4
times/week, and more than 5 times/week, respectively, compared with those who did not
report any chocolate intake. These results indicate that chocolate consumption is
inversely associated with morbidity and mortality from CVD.
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Table 2-6. Epidemiologic studies evaluating the relationship between chocolate consumption and CVD events

Authors

Population

Study design

Mean
follow up,
years

Total N

Comparison

Hazard ratio (95% CI)

Buijsse et al.,
2006 [3]

Men from Zutphen
Elderly Study

Prospective
cohort study

470

15

Reference: <0.5g/day
Compared: >2.25g/day

Buijsse et al.,
2010 [61]

Participants in the
Potsdam arm of the
European Prospective
Investigation into
Cancer

Prospective
cohort study

19,357

8.1

Reference: 1.7g/day
Compared: 7.5g/day

Djousse et al.,
2011 [66]

National Heart, Lung,
and Blood Institute
Family Heart Study

Crosssectional
study

4,970

-

Reference: <1X/month
Compared: 5+X/week

CHD: 0.43 (0.28-0.67)

Janszky et al.,
2009 [62]

Participants in the
Stockholm Heart
Epidemiology Program

Prospective
cohort study

1,169

8

Reference: <1X/month
Compared: 2+X/week

Kwok et al., 2015
[2]

Prospective
cohort study

20,951

11.3

Reference: 0g/day
Compared: 15.698.8g/day

Larsson et al.,
2011 [63]

European Prospective
Investigation into
Cancer (EPIC)-Norfolk
cohort
Women in the Swedish
Mammography Cohort

CHD mortality: 0.34 (0.170.70)
All-cause mortality: 0.94
(0.58-1.53)
CVD (CHD+MI): 0.77 (0.620.97)
CHD: 0.88 (0.77-1.01)

Prospective
cohort study

33,372

10.4

Reference: <8.9g/ week
Compared:
>45.0g/week

Lewis et al., 2010
[64]

Women in Calcium
Supplementation Study

Prospective
cohort study

1,216

9.5

Reference: <1X/week
Compared: ≥1X/week

Petrone et al.,
2014 [60]

Physicians’ Health
Study

Prospective
cohort study

20,278

9.3

Reference: <1X/month
Compared: 1-3X/week
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CVD mortality: 0.50 (0.320.78)
All-cause mortality: 0.53
(0.39-0.72)
MI: 0.73 (0.47-1.15)
Stroke: 0.52 (0.30-0.89)

Total stroke: 0.80 (0.66-0.99)
Cerebral infarction: 0.83
(0.66-1.04)
Hemorrhagic stroke: 0.58
(0.34-1.00)
Total CVD: 0.76 (0.60-0.97)
IHD: 0.65 (0.46-0.94)
HF: 0.41 (0.22-0.76)
Carotid atherosclerotic
plaques: 0.77 (0.60-0.98)
Heart Failure: 0.80 (0.660.98)

2.2.2. Clinical studies of dark chocolate/cocoa on CVD risk factors
Lipids and lipoproteins

Numerous intervention studies have been conducted to elucidate the effects of
dark chocolate/cocoa on lipids, lipoproteins, and apolipoproteins (Table 2-7). The
results for TC and LDL-C were inconsistent. 15 of 22 studies reported that the
consumption of dark chocolate or cocoa did not influence the levels of TC and LDL-C.
The amount of total flavonoids (26.7-902 mg), study duration (2-18 weeks) and
participants profile (i.e., overweight, diabetic patients or healthy individuals) varied by
study.
The other seven studies showed that dark chocolate or cocoa improved lipids
and lipoproteins by decreasing TC and LDL-C levels and increasing HDL-C. In two of the
seven studies, researchers compared a plant sterol enriched chocolate bar with a control
chocolate bar without the plant sterol. In the first study by Polagruto et al. [67], 67 adults
with elevated TC consumed either a plant sterol enriched chocolate bar or a control bar
for 6 weeks. The results showed that TC (-4.7%; P < 0.01) and LDL-C (-6%; P < 0.01),
and the ratio of TC: HDL-C (-7.4%; P < 0.01) were significantly decreased after
consuming the plant sterol enriched chocolate bar, but not after the consumption of the
control chocolate bar. Consistent results were seen in a study by Allen et al.[68]. 49
participants with elevated serum cholesterol were randomly assigned to consume either
a dark chocolate bar with added plant sterol or a dark chocolate bar without plant sterol
for 4 weeks and the groups were crossed over to the alternate treatment group. The
results showed that TC (-0.14 ± 0.45 vs. 0.03 ± 0.51 mmol/L; P < 0.05, respectively) and
LDL-C (-0.23 ± 0.46 vs. -0.07 ± 0.45 mmol/L; P < 0.05, respectively) were significantly
decreased after the consumption of dark chocolate bar with added plant sterol compared
with the control dark chocolate bar with no plant sterol. Both treatment dark chocolate
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bars contained the same amounts of nutrients except for plant sterol. These results
suggest that plant sterol is responsible for the lipid lowering effects because the control
chocolate bar did not affect TC and LDL-C.
In the other five studies [5, 16, 67, 69, 70], researchers compared a flavanolcontaining chocolate bar with a white chocolate bar that presumably contained no
flavanols. In three of five studies, the levels of TC and LDL-C were lower after
consumption of the flavanol-containing chocolate bar compared with the white chocolate
bar. In the other two studies, the flavanol-containing cocoa or dark chocolate
consumption did not change the levels of TC and LDL-C.
For HDL-C, four of 22 studies showed that the level of HDL-C was increased
while preserving the levels of TC and LDL-C and triglycerides (TGs) after a flavanol
containing dark chocolate or cocoa consumption. Mellor et al.[71] conducted a
randomized, controlled, crossover study in which 12 diabetic patients received either 45
g of dark chocolate or white chocolate for 8 weeks and then were crossed over to the
alternate treatment group. Researchers found that the level of HDL-C was significantly
increased after consuming dark chocolate compared with white chocolate (9.1% vs. 6.3%; P =0.04, respectively). In another study, Monagas et al.[70] found that HDL-C was
significantly higher after consuming 40 g of cocoa powder in 500 ml of skim milk for 4
weeks compared to 500 ml of skim milk (mean increase: 2.2 mg/dL; P =0.033) in 42
participants who had diabetes or had ≥ 3 of the cardiovascular risk factors: tobacco
smoking, hypertension, plasma LDL-C ≥160 mg/dL, plasma HDL-C ≤35 mg/dL, body
mass index (BMI) ≥30 (kg/m2). For TGs, there is no evidence indicating that the
consumption of dark chocolate or cocoa influenced the level of TGs.
Collectively, the available evidence is insufficient to conclude that the
consumption of dark chocolate or cocoa has beneficial effects on lipids and lipoproteins.
Most of the previous studies tested short-term effects (< 6 weeks) of dark chocolate or
14

cocoa on lipids and lipoproteins. Therefore, additional studies are needed to evaluate
longer term effects of dark chocolate or cocoa on lipids and lipoproteins.
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Table 2-7. Major clinical studies evaluating the effects of cocoa or dark chocolate on lipids, lipoproteins and apolipoproteins
Authors

Allen et al., 2008 [68]

Balzer et al., 2008 [4]

Crews et al., 2008 [72]

Davison et al., 2008 [18]

Engler et al., 2004 [19]

Farouque et al., 2006
[73]
Fraga et al., 2005 [16]

Grassi et al., 2005 [74]
Grassi et al., 2005 [69]

Treatment

1) 44g of dark chocolate
bar with plant sterol (PS-)
2) 44g of dark chocolate
bar without plant sterol
(PS+)
1) Flavanol-rich cocoa
2) A nutrient-matched
control
1) 37g dark chocolate bar
+237 ml of an artificially
sweetened cocoa
beverage
2) Placebo product
1) High-flavanol cocoa
2) High-flavanol cocoa
with exercise
3) Low-flavanol cocoa
4) Low-flavanol cocoa
with exercise
1) High-flavonoid dark
chocolate bar
2) Low-flavonoid dark
chocolate bar
1) Flavanol rich chocolate
bar and cocoa beverage
2) Isocaloric placebo
1) Flavanol containing
milk chocolate
2) White chocolate
1) 100 g of dark chocolate
2) 90 g of white chocolate
1) 100 g of dark chocolate
2) 90 g of white chocolate

Total
flavonoid,
mg/d

Study
design/duration

Subject profile

Results

Crossover/4 weeks

49 adults with
elevated serum
cholesterol

↓total and LDL cholesterol
after PS+
No differences in VLDL, HDL,
and TG

Placebocontrolled/30 days

41 medicated
diabetic patients

No differences in total, HDL,
LDL cholesterols and TG

Placebocontrolled/6 weeks

101 adults ≥ 60 y

No differences in total, HDL,
LDL cholesterols and TG

Placebocontrolled/12 weeks

49 adults with BMI ≥
25 kg/m2

No differences in total, HDL,
LDL cholesterols and TG

Placebocontrolled/2 weeks

21 healthy adults

259

No differences in total, HDL,
LDL cholesterols and TG

Placebocontrolled/6 weeks

40 adults with CAD

444

No differences in total, HDL,
LDL cholesterols and TG

Crossover/2 weeks

28 young soccer
players

↓total and LDL cholesterols

Crossover/15 days

15 healthy adults

Crossover/15 days

20 patients with
essential
hypertension

No differences in total, HDL,
LDL cholesterols and TG
↓ LDL cholesterol

360

963

754.71

902

168
500
87.8
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Grassi et al., 2008 [5]

Mellor et al., 2010 [71]

Monagas et al., 2009
[70]

Muniyappa et al., 2008
[75]
Murphy et al., 2003 [76]

Njike et al., 2011 [77]

Polagruto et al., 2006
[67]

Shiina et al., 2009 [78]
Taubert et al., 2003 [79]

Taubert et al., 2007 [17]

Wan et al., 2001 [80]

1) 100 g of dark chocolate
2) 100 g of white
chocolate
1) 45g of high polyphenol
chocolate
2) 45 g of low polyphenol
chocolate
1) 40 g cocoa powder with
500 mL skim milk
2) 500 mL skim milk only
1) Flavanol rich cocoa
drink
2) Placebo
1) 234 mg of cocoa
flavanols and
procyanidins
2) Placebo
1) Sugar-free cocoa
2) Sugar-sweetened
cocoa
3) Placebo
1) Cocoa flavanolenriched snack bar
containing 1.5 g
phytosterol
2) Control product
containing no phytosterol
1) 45 g of dark chocolate
2) 35 g of white chocolate
1) 100 g of dark chocolate
2) 90 g of white chocolate
1) 6.3 g of dark chocolate
2) Matching white
chocolate
1) 22 g cocoa powder and
16 g of dark chocolate
with Average American
Diet (AAD)

19 hypertensives with
impaired glucose
tolerance
(prediabetes)
12 adults with type 2
diabetes

↓total and LDL cholesterols

42 diabetic patients
or having ≥3 of
cardiovascular risk
factors
20 adults with
essential
hypertension
32 healthy adults

↑HDL
No differences in total, LDL
cholesterols and TG

Crossover/6 weeks

44 overweight and
obese adults

No differences in total, HDL,
LDL cholesterols and TG

Placebocontrolled/6 weeks

67 adults with
elevated cholesterol

↓Total, LDL and TC: HDL
No differences in HDL, TG

Placebocontrolled/2 weeks
Crossover/2 weeks

39 healthy men

No differences in total, HDL,
LDL cholesterols and TG
No differences in total, HDL,
LDL cholesterols and TG

Crossover/15 days
1,080
Crossover/8 weeks
16.6
Crossover/4 weeks
93.02
Crossover/2 weeks
781

234

Placebocontrolled/4 weeks

805

↑HDL
↓Total cholesterol: HDL

No differences in total, HDL,
LDL cholesterols and TG
No differences in total, HDL,
LDL cholesterols and TG

127.9

550
500

26.7

Placebocontrolled/18 weeks
Crossover/4 weeks

466
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13 healthy adults with
stage 1 isolated
hypertension
44 adults with
prehypertension or
stage 1 hypertension
23 healthy adults

No differences in total, LDL,
HDL, and TG
No differences in total, LDL
cholesterols and TG
↑HDL

Wang-Polagruto et al.,
2006 [81]

West et al., 2014 [82]

2) AAD with no cocoa or
dark chocolate
1) High flavanol cocoa
beverage
2) Low flavanol cocoa
beverage
1) Dark chocolate and a
sugar free cocoa
beverage
2) Low-flavanol chocolate
bar and a cocoa free
beverage

446

Placebocontrolled/6 weeks

32 postmenopausal
hypercholesterolemic
women

No differences in total, LDL,
HDL, and TG
↑HDL

Crossover/4 weeks

30 middle aged
overweight adults

No differences in in total, HDL,
LDL cholesterols and TG

814
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Glycemic control

There are few studies that have evaluated the effects of dark chocolate or cocoa
on glycemic control parameters including fasting glucose, insulin, insulin resistance
index (HOMA-IR), Hemoglobin A1c (HbA1c), and quantitative insulin sensitivity check
index (QUICKI). A meta-analysis by Hooper et al. [83] showed that significant effects of
dark chocolate or cocoa on HOMA-IR (subtotal: -0.67; 95% CI: -0.98, -0.36) and fasting
insulin (subtotal: -2.65 µU/mL; 95% CI: -4.65, -0.65) were observed, but not for fasting
glucose (subtotal: -0.02 mmol/L; 95% CI: -0.22, 0.17). However, after excluding studies
with unclear allocation concealment, the results for insulin lowering effects of dark
chocolate or cocoa became non-significant.
In our literature review, 14 intervention studies were included; 10 of 14 studies
reported no effects of dark chocolate or cocoa on glycemic control parameters (Table 28). In most of the studies, dark chocolate or cocoa had a considerable amount of sugar.
In two of 14 studies, researchers used sugar-free cocoa powder. In a study by Njike et
al.[77], 44 overweight participants were randomly assigned to a treatment sequence:
sugar-sweetened hot cocoa, sugar-free hot cocoa, or sugar-sweetened cocoa-free
placebo. Each treatment was 6 weeks long. In another study by Monagas et al.[70], 42
participants randomly received either 40 g sugar-free cocoa powder with 500 mL of skim
milk or only 500 mL of skim milk for 4 weeks. The results showed that the level of blood
glucose did not differ by treatment group in both studies. Even though the results from
the studies discussed previously did not demonstrate that sugar-free cocoa had
beneficial effects on glycemic control parameters, endothelial function measured by flowmediated dilation (FMD) was improved after sugar-free cocoa intake compared with
placebo.
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In four of 14 studies, participants who consumed flavanol-containing dark
chocolate had a lower level of HOMA-IR compared with those who consumed flavanolfree white chocolate. Grassi and colleagues assessed changes in glycemic parameters
after dark chocolate consumption in three populations: 1) 15 healthy adults [74], 2) 20
adults who had essential hypertension [69], 3) 19 glucose-intolerant, hypertensive
participants [5]. An oral glucose tolerance test was conducted to measure blood glucose
and insulin after 75 g of glucose ingestion. Consistent results were observed in all of the
studies; the level of HOMA-IR was significantly decreased after consumption of dark
chocolate for 15 days compared with white chocolate intake. In addition, intake of dark
chocolate improved insulin sensitivity. In another study [18], Davison and colleagues
conducted a 12 week placebo-controlled study in which 49 overweight and obese
participants were randomly assigned to the daily consumption of either a high-flavanol
cocoa or low-flavanol cocoa drink and each group was further randomized to either to
receive a program of regular modest exercise for 12 weeks, or to remain sedentary.
Results showed that there was a significant change in HOMA-IR from baseline with high
flavanol cocoa intake (with exercise: -0.41 ± 0.22; without exercise: -0.21 ± 0.34)
compared with low-flavanol cocoa intake (with exercise: 0.14 ± 0.17; without exercise:
0.08 ± 0.17) (P < 0.05).
These discrepancies in study results on glycemic control parameters may be due
to different methods used for measuring glycemic control parameters. Most of the
studies only reported fasting glucose or insulin measured at few time points that have
high within-subject variability. A few studies reported insulin sensitivity index assessed
by an oral glucose tolerance test that has a greater sensitivity than HbA1c or the fasting
glucose and a better predictor of all-cause mortality and cardiovascular mortality or
morbidity than the fasting plasma glucose [84, 85].
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Collectively, the body of evidence assessing the effects of dark chocolate or
cocoa on glycemic control is not sufficient. Therefore, additional studies are warranted to
better understand the relationship between cocoa flavanol consumption and change in
glycemic control parameters.
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Table 2-8. Major clinical studies evaluating the effects of dark chocolate or cocoa on glycemic control parameters

Treatment

Balzer et al., 2008
[4]

Grassi et al., 2005
[74]

1) Flavanol-rich cocoa
2) A nutrient-matched
control
1) High-flavanol cocoa
2) High-flavanol cocoa with
exercise
3) Low-flavanol cocoa
4) Low-flavanol cocoa with
exercise
1) Low flavanol cocoa
2) Intermediate flavanol
cocoa
3) High flavanol cocoa
1) Flavanol rich chocolate
bar and cocoa beverage
2) Isocaloric placebo
1) 100 g of dark chocolate
2) 90 g of white chocolate

Grassi et al., 2005
[69]

1) 100 g of dark chocolate
2) 90 g of white chocolate

Grassi et al., 2008
[5]

1) 100 g of dark chocolate
2) 100 g of white chocolate

Mellor et al., 2010
[71]

1) 45g of high polyphenol
chocolate
2) 45 g of low polyphenol
chocolate
1) 40 g cocoa powder with
500 mL skim milk
2) 500 mL skim milk only

Davison et al., 2008
[18]

Desideri et al., 2012
[86]

Farouque et al.,
2006 [73]

Monagas et al.,
2009 [70]

Total
flavonoid,
mg/d

963

Study
design/duration

Subject profile

Results

Placebocontrolled/30 days

41 medicated diabetic
patients

No differences in glucose and
HbA1c

Placebocontrolled/12 weeks

49 adults with BMI ≥
25 kg/m2

↓HOMA-IR
No differences in glucose and
insulin

Placebo-controlled/8
weeks

90 elderly adults

↓glucose and HOMA-IR

Placebo-controlled/6
weeks

40 adults with CAD

No differences in serum
glucose and plasma insulin

Crossover/15 days

15 healthy adults

Crossover/15 days

20 patients with
essential hypertension

Crossover/15 days

19 hypertensives with
impaired glucose
tolerance (prediabetes)

Crossover/8 weeks

12 adults with type 2
diabetes

↓HOMA-IR
↑Quantitative insulin sensitivity
check index (QUICKI)
↓HOMA-IR
↑QUICKI, insulin sensitivity
index (ISI)
↓HOMA-IR
↑QUICKI, ISI, β-cell function
measured by corrected insulin
response
No differences in glucose,
insulin,HbA1c, HOMA-IR

Crossover/4 weeks

42 diabetic patients or
having ≥3 of
cardiovascular risk
factors

902

993

444

500

87.8

1,080

16.6

93.02
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No differences in glucose

Muniyappa et al.,
2008 [75]
Njike et al., 2011
[77]
Shiina et al., 2009
[78]
Taubert et al., 2003
[79]

1) Flavanol rich cocoa drink
2) Placebo
1) Sugar-free cocoa
2) Sugar-sweetened cocoa
3) Placebo
1) 45 g of dark chocolate
2) 35 g of white chocolate
1) 100 g of dark chocolate
2) 90 g of white chocolate

Taubert et al., 2007
[17]

1) 6.3 g of dark chocolate
2) Matching white chocolate

West et al., 2014
[82]

1) Dark chocolate and a
sugar free cocoa beverage
2) Low-flavanol chocolate
bar and a cocoa free
beverage

781

Crossover/2 weeks
Crossover/6 weeks

805
550

Placebo-controlled/2
weeks
Crossover/2 weeks

500

26.7

Placebocontrolled/18 weeks
Crossover/4 weeks

814
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20 adults with
essential hypertension
44 overweight and
obese adults

No differences in glucose,
insulin, SI, and QUICKI
No differences in glucose

39 healthy men

No differences in HbA1c

13 healthy adults with
stage 1 isolated
hypertension
44 adults with
prehypertension or
stage 1 hypertension
30 middle aged
overweight adults

No differences in glucose

No differences in glucose

No effects on glucose and
HOMA-IR

Vascular health

A strong body of evidence has demonstrated that dark chocolate or cocoa have
beneficial effects on parameters of vascular health including blood pressure,
endothelium-dependent FMD, and adhesion markers (intercellular adhesion molecule
1(ICAM-1), vascular cell adhesion molecule 1 (VCAM-1), E-selectin and P-selectin).
Several meta-analyses have been published evaluating the potential benefits of
dark chocolate or cocoa on vascular health parameters [83, 87-90]. In a review of 42
RCTs testing acute (90-150 minutes) or short-term chronic (≤18 weeks) effects of dark
chocolate or cocoa intake [83], FMD improved after chronic (1.34%; 95% CI: 2.04%,
4.33%) and acute (3.19%; 95% CI: 2.04%, 4.33%) intakes. In addition, diastolic blood
pressure (DBP) (-1.60 mmHg; 95% CI: -2.77 mmHg, -0.43 mmHg) and mean arterial
pressure (-1.64 mmHg; 95% CI: -3.27 mmHg, -0.01 mmHg) were significantly decreased
after chronic intake of chocolate or cocoa, but there was no significant effects on DBP
after acute (-1.75 mmHg; 95% CI: -6.27 mmHg, 2.77 mmHg) or chronic (-1.50 mmHg;
95% CI: -3.43 mmHg, 0.43 mmHg) intake. The blood pressure reductions were also
observed in a meta-analysis of 10 RCTs by Desch et al. [87]. The results showed that
systolic blood pressure (SBP) (-4.5 mmHg; 95% CI: -5.9 mmHg, -3.2 mmHg) and DBP (2.5 mmHg; 95% CI: -3.9 mmHg, -1.2 mmHg) were decreased after cocoa product intake.
In our review of 25 RCTs (Table 2-9), 10 of 25 studies did not show beneficial
effects of dark chocolate or cocoa on blood pressure. In 15 of 25 studies, blood pressure
reductions were observed after dark chocolate or cocoa intake. The discrepancies
among studies may be due to differences in study duration (2-18 weeks), total flavonoid
content (16.6-1080 mg), measurement method (24-hour ambulatory blood pressure vs.
office blood pressure), study design (parallel vs. crossover), and subject profile (healthy
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adults, diabetic patients, patients with coronary artery disease, and hypertensive
individuals).
In a Cochrane review [89], 20 RCTs were included and the results showed that
mean differences in SBP was -2.77 mmHg (95% CI: -4.72, -0.82 mmHg) and in DBP
was -2.20 mmHg (95% CI: -3.46, -0.93) mmHg. In addition, subgroup analyses by
baseline blood pressure (Table 2-10) and sugar content (Table 2-11) in cocoa or
chocolate were conducted and the results showed that there was a significant blood
pressure lowering effect in the hypertensive subgroup (>140 mmHg) or diastolic
prehypertension (≥80 mmHg) (mean difference: -3.99 mmHg; 95% CI: -7.02, -0.97
mmHg) but not for normotensive subgroup (mean difference: -2.04; 95% CI: -4.64, 0.57
mmHg). For the analyses by the sugar content in cocoa, the results indicated a greater
beneficial effect on blood pressure if the treatment cocoa contained a low amount of
sugar (<10 g/day) compared with those contained a high amount of sugar (>10 g/day).
The sugar content subgroup was further divided by BMI (>25 or ≤ 25 kg/m2) and the
results showed that the beneficial effect on blood pressure was even greater in
overweight and obese individuals (BMI >25 kg/m2).
For the FMD findings, there was a consistent improvement of endothelial function
after dark chocolate or cocoa intake in diverse populations [4, 5, 18, 19, 77, 91]. Balzer
et al.[4] conducted a placebo controlled parallel study in which 41 diabetic patients
received either 963 mg of flavanol containing cocoa or 75 mg of flavanol containing
cocoa daily for 30 days. Previous studies suggested that plasma flavanol metabolites
reached a maximum 2 hours after cocoa ingestion [20, 21]. Based on these findings, two
FMD tests were conducted before and 2 hour after cocoa intake to assess acute and
chronic effects of cocoa; the FMD tests were conducted on days 0, 8 and 30. The
results showed that FMD increased from 3.3 ± 1.1 % on day 0 to 4.1 ± 1.1 on day 8 and
4.3 ± 1.2 % on day 30 in the high flavanol group. The acute effects after cocoa ingestion
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were observed in the high flavanol group; when comparing baseline vs. 2h after cocoa
ingestion, FMD values were 3.3 ± 1.1 % vs. 4.8 ± 1.4 % on day 0, 4.1 ± 1.1 % vs. 5.7
±1.6 % on day 8, and 4.3 ± 1.2 % vs. 5.8 ± 1.6 % on day 30. These results
demonstrated that there were both chronic and acute effects after cocoa intake.
For the adhesion markers, the levels of ICAM-1, VCAM-1, E-selectin, and Pselectin were decreased after dark chocolate or cocoa consumption. In a study by
Monagas et al. [70], the results showed that SBP and DBP did not change after daily
consumption of 40 g of cocoa powder for 4 weeks, however, serum concentrations of
adhesion markers including ICAM-1 and P-selectin were significantly decreased after
cocoa intake compared to after no cocoa intake.
The mechanisms by which dark chocolate/cocoa mediate vascular effects are not
fully understood. Potential mechanisms are presented in Figure 2-1. (-)-epicatechin
stimulates endothelial nitric oxide synthase and increases the production of vasodilating
nitric oxide, which may result in reducing blood pressure [20, 92]. Furthermore, (-)epicatechin inhibits the expression of arginase that inhibits the production of nitric oxide
by hydrolyzing L-arginine to urea [93]. Another potential mechanism is that a bioactive
metabolite of epicatechin inhibits NADPH oxidase, which decreases the production of
superoxide (O2 -)[94]. In human studies, oral ingestion of epicatechin lowered the levels
of vasoconstricting peptides, endothelin-1 [95, 96].
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Table 2-9. Major clinical studies evaluating the effects of dark chocolate or cocoa on parameters of vascular health

Authors

Allen et al., 2008 [68]

Balzer et al., 2008 [4]

Crews et al., 2008 [72]

Davison et al., 2008
[18]

Engler et al., 2004 [19]

Farouque et al., 2006
[73]

Fraga et al., 2005 [16]

Grassi et al., 2005 [74]

Treatment

1) 44g of dark chocolate
bar with plant sterol (PS-)
2) 44g of dark chocolate
bar without plant sterol
(PS+)
1) flavanol-rich cocoa
2) a nutrient-matched
control
1) 37g dark chocolate bar
+237 ml of an artificially
sweetened cocoa
beverage
2) Placebo product
1) high-flavanol cocoa
2) high-flavanol cocoa with
exercise
3) low-flavanol cocoa
4) low-flavanol cocoa with
exercise
1)high-flavonoid dark
chocolate bar
2)low-flavonoid dark
chocolate bar
1)flavanol rich chocolate
bar and cocoa beverage
2)isocaloric placebo
1)flavanol containing milk
chocolate
2) cocoa butter chocolate
1) 100 g of dark chocolate
2) 90 g of white chocolate

Total
flavonoid,
mg/d

Study
design/duration

Subject profile

Results

Crossover/4 weeks

49 adults with elevated
serum cholesterol

↓SBP, DBP (PS- and
PS+combined)

Placebocontrolled/30 days

41 medicated diabetic
patients

Placebocontrolled/6 weeks

101 adults ≥ 60 y

↑Baseline FMD by 30%
No differences in SBP and
DBP
No differences in SBP and
DBP
↑mean pulse rate

Placebocontrolled/12 weeks

49 adults with BMI ≥ 25
kg/m2

↓DBP (1.6 mm Hg)
↑FMD (1.6%)

Placebocontrolled/2 weeks

21 healthy adults

↑FMD (1.3%)
No differences in SBP and
DBP

Placebocontrolled/6 weeks

40 adults with CAD

Crossover/2 weeks

28 young soccer
players

No differences in FMD,
systemic arterial compliance,
forearm blood flow, soluble
cellular adhesion molecules
↓DBP and mean blood
pressure

Crossover/15 days

15 healthy adults

↓SBP

360

963

754.71

902

259

444

168
500
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Grassi et al., 2005 [69]
Grassi et al., 2008 [5]

Heiss et al., 2010 [91]

Mellor et al., 2010 [71]

Monagas et al., 2009
[70]

Muniyappa et al.,
2008 [75]

1) 100 g of dark chocolate
2) 90 g of white chocolate
1) 100 g of dark chocolate
2) 100 g of white chocolate
1) high flavanol cocoa
2) low flavanol cocoa
1)45g of high polyphenol
chocolate
2)45 g of low polyphenol
chocolate
1)40 g cocoa powder with
500 mL skim milk
2) 500 mL skim milk only

87.8

Crossover/15 days
Crossover/15 days

1,080
Crossover/4 weeks

20 patients with
essential hypertension
19 hypertensives with
impaired glucose
tolerance (prediabetes)
16 patients with CAD

750
Crossover/8 weeks

12 adults with type 2
diabetes

Crossover/4 weeks

42 diabetic patients or
having ≥3 of
cardiovascular risk
factors
20 adults with essential
hypertension

16.6

93.02

1)flavanol rich cocoa drink
2)placebo

Crossover/2 weeks
781

Murphy et al., 2003
[76]
Njike et al., 2011 [77]

Polagruto et al., 2006
[67]

Ried et al., 2009 [97]

Shiina et al., 2009 [78]

1)234 mg of cocoa
flavanols and procyanidins
2)placebo
1)sugar-free cocoa
2)sugar-sweetened cocoa
3)placebo
1)cocoa flavanol-enriched
snack bar containing 1.5 g
phytosterol
2)control product
containing no phytosterol
1)50 g of dark chocolate
2)a tomato extract capsule
3)a placebo capsule
1)45 g of dark chocolate
2)35 g of white chocolate

234

↓24 hour SBP and DBP
↑FMD
↓24 hour SBP and DBP
↑FMD
↓SBP
↑circulating angiogenic cells
No differences in SBP and
DBP

No differences in SBP and
DBP and heart rate
↓ICAM-1 and P-selectin
↑insulin-stimulated changes
in brachial artery diameter
No differences in SBP and
DBP
No differences in E-selectin,
VCAM-1, ICAM-1
No differences in SBP, DBP,
and pulse

Placebocontrolled/4 weeks

32 healthy adults

Crossover/6 weeks

44 overweight and
obese adults

Placebocontrolled/6 weeks

67 adults with elevated
cholesterol

No differences in SBP and
DBP
↑FMD
No differences in SBP, DBP,
and heart rate

Placebocontrolled/8weeks

36 prehypertensive
adults

No differences in SBP and
DBP

Placebocontrolled/2 weeks

39 healthy men

No differences in SBP, DBP,
and heart rate
↑Coronary flow velocity
reserve

805

127.9

750

550
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Taubert et al., 2003
[79]

1)100 g of dark chocolate
2)90 g of white chocolate

Taubert et al., 2007
[17]

1)6.3 g of dark chocolate
2)matching white
chocolate

Van den Bogaard et
al., 2010 [98]

1)placebo
2)flavanol-rich cocoa
powder with 106 mg of
theobromine
3)flavanol-rich cocoa
powder with 979 mg of
theobromine
1)22 g cocoa powder and
16 g of dark chocolate with
Average American Diet
(AAD)
2)AAD with no cocoa or
dark chocolate
1) a high flavanol cocoa
beverage (HF)
2) a low flavanol cocoa
beverage (LF)

Wan et al., 2001 [80]

Wang-Polagruto et al.,
2006 [81]

West et al., 2014 [82]

1)dark chocolate and a
sugar free cocoa beverage
2)Low-flavanol chocolate
bar and a cocoa free
beverage

Crossover/2 weeks
500

26.7

Placebocontrolled/18 weeks

13 healthy adults with
stage 1 isolated
hypertension
44 adults with
prehypertension or
stage 1 hypertension

Placebocontrolled/31 days

41 men and
postmenopausal
women with highnormal blood pressure
or stage 1 hypertension

Crossover/4 weeks

23 healthy adults

Placebocontrolled/6 weeks

32 postmenopausal
hypercholesterolemic
women

Crossover/4 weeks

30 middle aged
overweight adults

500

466

446

814
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↓SBP, DBP

↓SBP (-2.9 mmHg) and DBP
(-1.9 mmHg)
↑S-nitrosoglutathione
(vasodilative nitric oxide)
↑24 h SBP, DBP, heart rate
after theobromine added
treatment, but not after
natural cocoa intake
↓Central BP

No differences in 24 h
urinary excretion of
thromboxane
B2(vasoconstrictor) and 6keto-prostaglandin F1α
(vasodilator)
↑Brachial artery hyperaemic
blood flow
↓SBP, DBP after LF from
baseline but not HF
↓VCAM-1 after HF
No differences in ICAM-1, Pselectin, E-selectin
↓Augmentation index in
women
↑SBP and heart rate 2 hours
after dose consumption

Table 2-10. Effect of cocoa on blood pressure by hypertension status; Source: Ried et
al., 2012 [89]
Outcome or
subgroup title

No. of No. of
Statistical method
studies participants

Effect size

1.SBP

19

817

Mean difference
(Random, 95% CI)

-2.89 [-4.88, -0.90]

1.1 Hypertensive

7

297

Mean difference
(Random, 95% CI)

-3.99 [-7.02, -0.97]

1.2 Normotensive

12

520

Mean difference
(Random, 95% CI)

-2.04 [-4.64, 0.57]

2.DBP

17

753

Mean difference
(Random, 95% CI)

-2.20 [-3.17, -1.23]

2.1 Hypertensive

7

287

Mean difference
(Random, 95% CI)

-2.11 [-3.35, -0.86]

2.2 Normotensive

10

466

Mean difference
(Random, 95% CI)

-2.22 [-3.83, -0.60]

Table 2-11. Effect of cocoa on blood pressure by sugar content and BMI status; Source:
Ried et al., 2012 [89]
Outcome or
subgroup title

No. of
studies

No. of
participants

Statistical method

Effect size

1.SBP

13

609

Mean difference
(Random, 95% CI)

-1.86 [-4.95, 1.23]

1.1 <10g sugar,
BMI>25

6

229

Mean difference
(Random, 95% CI)

-2.52 [-4.74, -0.31]

1.2 >10g sugar,
BMI≤25

7

380

Mean difference
(Random, 95% CI)

-1.12 [-7.08, 4.85]

2.DBP

12

577

Mean difference
(Random, 95% CI)

-1.79 [-3.72, 0.13]

2.1<10g sugar,
BMI>25

5

197

Mean difference
(Random, 95% CI)

-2.34 [-4.19, -0.50]

2.2>10g sugar,
BMI≤25

7

380

Mean difference
(Random, 95% CI)

-1.32 [-4.70, 2.06]
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Figure 2-1. Summary of potential targets for flavanol-mediated vascular effects. (A and B) Cardiovascular risk factors induce
endothelial dysfunction and lead to arteriosclerosis and facilitate cardiovascular events by inducing endothelial damage and
interaction with platelets, WBCs, and EPCs. (c) Key signaling cascades by which the endothelium modulates its physiological
functions and by which flavanols may modulate vascular function and structure. *Clinical human studies, †human ex vivo,
#animal studies, ‡ in vitro studies (ADMA, asymmetrical dimethylarginine, A I, angiotension I; A II, angiotensin II, ACE,
angiotensin-converting enzyme; AT1, angiotensin receptor 1, CACs, circulating angiogenic cells; COX, cyclooxygenase; EC,
endothelial cells; ECE, endothelin-converting enzyme; EDHF, endothelium derived hyperpolarizing factor; EMPs, endothelial
microparticles; EPCs, endothelial progenitor cells; ET-1, endothelin 1; GC, guanylyl cyclase; NO, nitric oxide; NOX, NADPH
oxidases; PGL, prostaglandin; SMC, smooth muscle cells; O2- , superoxide anion; WBCs, white blood cells). Source: Heiss
et al., 2010 [99]
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2.3 Evidence of almonds on CVD risk factors
2.3.1. Observational studies of nuts and incident CVD
Over the past decades, numerous epidemiologic studies have demonstrated that
adherence to the Mediterranean diet is associated with reduced total mortality, as well
as mortality due to CHD [100-103]. Nuts are sources of unsaturated fatty acids and
micronutrients and are a common food in the Mediterranean dietary pattern [104]. Many
epidemiologic studies have examined the association between nut consumption and
CHD [8, 9, 65, 105-108]. In 5 large prospective observational studies, nut consumption
was associated with reduced morbidity or mortality from CHD (Table 2-12).
In the Adventist Health Study [9], subjects who consumed nuts more than four
times per week had fewer definite fatal CHD events (RR: 0.52, CI: 0.36-0.76) and
definite nonfatal myocardial infarction (RR: 0.49, CI: 0.28-0.85) compared with those
who consumed nuts less than once per week. In the Iowa Women’s Health study [106],
postmenopausal women who consumed nuts more than once per week had a 19%
lower risk of fatal CHD death compared with those who consumed nuts less than once
per month. In the Physicians’ Health Study [105], men who consumed nuts 2 or more
times per week had reduced risks of total CHD death (RR: 0.70, CI: 0.50-0.98)
compared with those who rarely or never consumed nuts. Consistent results were seen
in the Nurses’ Health Study [107]. Results showed that women who ate more than five
units (5 oz) of nuts per week had a significantly lower risk of total CHD (RR: 0.65, CI:
0.47-0.89) than women who never ate nuts or who ate less than one unit a month. Bao
et al. [8] pooled data from the Nurses’ Health Study and Health Professionals Follow-up
Study to explore an association between nut consumption and total and cause-specific
mortality. Results showed that nut consumption is associated with total mortality in a
dose-dependent manner. The multivariate-adjusted hazard ratios for individuals who ate
32

nuts less than once per week compared with those who never ate nuts was (RR: 0.93,
CI: 0.90-0.96), for those who ate nuts once per week (RR: 0.89, CI: 0.86-0.93), for two to
four times per week (RR: 0.87, CI: 0.83-0.90), for five or six times per week (RR: 0.85,
CI: 0.79-0.91), and for seven or more times per week (RR: 0.80, CI: 0.73-0.86). In
addition, participants who consumed nuts two or more times per week had a lower heart
disease mortality than those who never consumed nuts (RR: 0.74, CI: 0.68-0.81).
Collectively, these studies have demonstrated that nut consumption is associated with
reduced CHD morbidity and mortality.
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Table 2-12. Epidemiologic studies evaluating the relationship between nut consumption and CVD events
Follow-up, y
Authors

Fraser et al., 1992
[9]

Population

Study design

Total N

Personyears of
follow up

Non-Hispanic
white California
Seventh-Day
Adventists
Women from
Nurses’ Health
Study (NHS) and
men from Health
Professionals
Follow-up Study
(NPFS)
Men from
Physicians’
Health Study

Prospective cohort
study

31,208

6 years

Prospective cohort
study

118,962

30 years for
NHS
24 years for
HPFS

Prospective cohort
study

21,454

Postmenopausal
women from the
Iowa Women’s
Health study
Men from
Physicians’
Health Study I

Prospective cohort
study

Hu et al., 1998 [107]

Yazdekhasti et al.,
2013 [108]

Bao et al., 2013 [8]

Albert et al., 2002
[105]

Ellsworth et al.,
2001 [106]

Djousse et al., 2009
[65]

Comparison

Hazard ratio (95% CI)

Reference: <1
X/wk
Compared: ≥5 X
/wk
Reference: <1
X/mo
Compared: ≥2
X/wk

Nonfatal MI: 0.52 (0.30-0.87)
Fatal CHD death: 0.67 (0.510.88)

17 years

Reference: <1
X/mo
Compared: ≥2
X/wk

Nonfatal MI: 1.04 (0.82-1.33)
Total CHD death: 0.70 (0.500.98)

34,111

12 years

Prospective cohort
study

15,966/

237,585

Total CHD death: 0.81 (0.601.11)
All-cause mortality: 0.88 (0.770.99)
Hypertension: 0.82 (0.71-0.94)

Women from
Nurses’ Health
Study

Prospective cohort
study

86,016

14 years

Iranian adults in
Isfahan Healthy
Heart Program

Cross-sectional
study

9,660

NA

Reference: <1
X/mo
Compared: ≥2
X/wk
Reference: <1
X/mo
Compared: ≥7
X/wk
Reference: <1
X/mo
Compared: ≥5
X/wk
Reference: <1
X/wk
Compared: ≥4
X/wk
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Heart disease death : 0.74
(0.68-0.81)
Stroke death: 0.92(0.79-1.08)
All-cause mortality: 0.86 (0.820.89)

CHD: 0.65 (0.45-0.89)
Fatal CHD: 0.61 (0.35-1.05)
Non-fatal MI: 0.68 (0.47-1.00)
Hypertension: 0.76 (0.61-0.94)

2.3.2. Clinical studies of almonds on CVD risk factors
Over the past few decades, numerous clinical trials have been conducted to
elucidate the effects of nuts on CVD risk factors [7, 109-114]. The 2010 Dietary
Guidelines Advisory Committee concluded that there is moderate evidence that
consumption of unsalted peanuts and tree nuts, specifically walnuts, almonds, and
pistachios has a favorable impact on CVD risk factors, particularly serum lipid levels.
This review will focus on the effects of almonds on CVD risk factors including lipids,
lipoproteins, apolipoproteins, glycemic control, and vascular health.
Lipids, lipoproteins, apolipoproteins

There is a strong clinical evidence based for the effects of almonds on lipids,
lipoproteins, and apolipoproteins (Table 2-13). A meta-analysis by Phung et al. [115]
included five RCTs [7, 116-119] and the results showed that almond consumption
decreased TC (weighted mean difference -6.95 mg/dL; 95% confidence interval -13.12
to -0.772) and LDL-C (weighted mean difference -5.79 mg/dL; 95% confidence interval 11.2 to 0.00), but not HDL-C, TG, or LDL:HDL ratio. Consistent results have been
demonstrated in non-RCTs. Abbey et al.[120] studied the effects of substituting one-half
of the fat in the average Australian diet with either 1) peanuts, coconut cubes, and a
confectionary bar containing coconut (control diet), 2) PUFA-rich walnuts or 3) MUFArich almonds. Participants received 84 g of almonds during the almond diet period. The
results suggested that TC and LDL-C were significantly decreased after supplementation
with almonds (7% and 10%, respectively) and after supplementation with walnuts (5%
and 9%, respectively). Hyson et al.[121] examined the effects of whole almonds or
almond oil on plasma lipids and LDL oxidation in 22 normolipemic adults. The results
showed that consumption of whole almonds or almond oil for 6 weeks significantly
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decreased TC (4% with both diets), LDL-C (6% and 7%, respectively), and TG (14% and
15%, respectively) and increased HDL-C (4% and 7%, respectively) from baseline.
However, there were no differences between the treatment periods. Neither treatment
influenced LDL oxidation. It was an unexpected finding that there were no differences in
plasma lipids between the treatment periods because Hyson and colleagues
hypothesized that whole almonds would have a greater effect on lowering plasma lipids
and LDL oxidation than almond oil due to non-lipid-related constituents including plant
protein, fiber, phytosterols, vitamins and minerals. MUFA, which is the predominant fatty
acid in almonds is likely responsible for the lipid-lowering effects of almonds and almond
oil.
Few studies reported the effects of almonds on apolipoproteins [6, 7, 11, 109,
122]. Jenkins et al.[11] assessed changes in apolipoproteins after 1 month of almond
supplementation in 27 hyperlipidemic adults. There were 3 treatment phases including a
muffin phase (control), two almond phases (1 full-dose of almonds (75 g) or half dose of
almond (37 g) plus half-dose of muffin). Results showed that there was a significant
reduction in apolipoprotein B (ApoB) (8%) after a full dose of almonds supplementation
compared with the control phase. However, the level of apolipoprotein A1 (ApoA1) did
not differ between the treatment phases. In a study by Sabate et al.[7], 25 mildly
hypercholesterolemic adults received either National Cholesterol Education Program
(NCEP) Step I diet (total fat: < 30% of total energy, SFA: 7-10% of total energy, and
cholesterol: < 300 mg) (control), a low-almond diet, or a high-almond diet in which
almonds provided 0%, 10%, and 20% of total energy for 4 weeks. Results showed that
the level of ApoB was significantly lower after the high-almond diet compared with the
control diet (93.7 ± 5.6 vs. 100.3 ± 5.6 mg/dL, P < 0.001 respectively). Li et al.[122]
conducted a randomized, crossover clinical trial where 20 participants with type 2
diabetes received either a NCEP Step II diet (total fat: < 30% of total energy, SFA: < 7 %
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of total energy, and cholesterol: < 200 mg) with 20% of energy from almonds or no
almonds for 4 weeks. Results showed that the plasma ApoB level was significantly
lower after the almond diet compared with the control diet (110.8 ± 6.5 vs. 133.7 ± 6.5
mg/dL, P =0.046, respectively). Recently, two randomized, crossover clinical trials were
conducted and the results on apolipoproteins were inconsistent. In one study by
Berryman et al.[6], 48 participants with elevated LDL-C received either a cholesterollowering diet with 1.5 oz of almonds/d or an isocaloric muffin substitution for 6 weeks.
The researchers found that the almond diet improved ApoB compared with the control
diet (-9.7 ± 1.8 vs. -5.5 ± 1.8 mg/dL, P = 0.01, respectively). A second study by Chen et
al.[109] compared a NCEP Step I diet with 85 g almonds with a control NCEP Step I diet
for 6 weeks in 45 patients with coronary artery disease. The results showed that the
almond diet did not alter any plasma lipid markers including ApoB and ApoA1.
Collectively, these studies, for the most part, demonstrate that almonds improve
the lipid profile by decreasing TC, LDL-C, and ApoB while preserving HDL-C and
ApoA1. A review by Berryman et al. discussed the nutrients responsible for the LDL-C
reduction (Figure 2-2). Potential mechanisms by which almonds may improve the
lipids/lipoproteins profile are as follows. First, phytosterols may decrease cholesterol
absorption [48]. A meta-analysis of 84 RCTs by Demonty et al [123] was conducted to
investigate the dose-response relationship between LDL-C and different phytosterol
doses. The results showed that the pooled LDL-C reduction was 0.34 mmol/L (95% CI: 0.36, -0.31) for a mean daily dose of 2.15 g phytosterol. In addition, a nonlinear doseresponse relationship was observed between LDL-C and phytosterols (Figure 2-3).
Second, insoluble fiber may inhibit endogenous synthesis of cholesterol by producing
short chain fatty acids in the large intestine [124]. The research to date indicates that
phytosterols and fiber in almonds may be responsible for the reduction, in part, of LDLC.
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Table 2-13. Major clinical studies evaluating the effects of almonds on lipids, lipoproteins and apolipoproteins
Authors
Jamshed et al., 2015,
[110]

Chen et al., 2015, [109]

Berryman et al., 2015, [6]

Bento et al., 2014, [113]

Treatment
1) No intervention group
(NI: 0g/d)
2) Pakistani almonds group
(PA: 10g/d)
3) American almonds group
(AA: 10g/d)
1) National Cholesterol
Education Program Step
(NCEP) 1 diet with no
almonds
2) Incorporation of 85g/d
almonds into NCEP 1 diet
1) Cholesterol lowering diet
with an isocaloric muffin
2) Cholesterol lowering diet
with 1.5 oz. of almonds per
day
1) 20 g of Baru almonds/d
2) 1 corn starch capsule/d

Choudhury et al., 2014,
[111]

1) 50 g of almonds/d
2) 0 g of almonds/d

Abazarfard et al., 2014,
[112]

1) 50 g of almonds/d with
prescribed hypocaloric diet
2) 0 g of almonds/d with
prescribed hypocaloric diet
1) Habitual diet
2) Almond-supplemented
diet

Jaceldo-Siegl et al., 2011,
[114]

Study
design/duration

Subject profile

Results

Randomized, parallel
study/12 weeks

150 coronary artery
disease patients

↑HDL: 11% (PA); 9% (AA) vs. NI
↓ TG, total, LDL, and VLDL
cholesterol after PA and AA vs. NI
(all P <0.05)

Randomized,
controlled-feeding,
crossover study/ 6
weeks

45 CAD patients

No differences in TG, TC, LDL,
HDL, small, dense LDL
cholesterol apo B-100, and apoA1

Randomized,
controlled-feeding,
crossover study/6
weeks

48 individuals with
elevated LDL

↓non-HDL: -6.9±2.4 mg/dL
↓LDL: -5.3±1.9 mg/dL
↓apo B: -4.2±1.6 mg/dL

Randomized,
crossover, placebo
controlled study/6
weeks
Parallel study/ 4
weeks

20 mildly
hypercholestolemic
subjects

↓TC: -8.1±2.4%
↓LDL: -9.4±2.4%
↓non-HDL: -8.1±3.0%

60 healthy men
Group 1: healthy middle
aged men (20-55y)
Group 2: healthy young
men (18-35)
Group 3: young at risk
men (18-35)
Group 4: men aged 18+y
100 overweight or obese
individuals

No differences in TG, TC, HDL,
LDL

81 healthy participants

Subgroup analysis (baseline
LDL≥3.3 mmol/L)
↓TC, LDL, TC:LDL, LDL:HDL

Randomized,
controlled study/3
months
Sequential study
design/ 6months

38

↓TG, TC, TC:HDL

Jenkins et al., 2002, [11]

Sabate et al., 2003, [7]

Tan et al., 2013, [125]

Hyson, Schneeman and
Davis, 2002, [121]

Wien et al., 2010, [12]

Li et al., 2011, [122]

Abbey et al., 1994, [120]

No effects in participants with
baseline LDL≥3.3 mmol/L
↓LDL, LDL:HDL, lipoprotein(a),
ApoB, oxidized LDL

1) Full dose almonds
(73g/d)
2) Half dose almonds
(37g/d) +half dose muffins
3) Full dose muffins
1) Prescribed Step 1 diet
with no almonds
2) Prescribed Step 1 diet
containing 10% of energy
from almonds (≈34g)
3) Prescribed Step 1 diet
containing 20% of energy
from almonds (≈68g)
1) Control
2) Almonds (43g) with
breakfast
3) Almonds (43g) as AM
snack
4) Almonds (43g) with
lunch
5) Almonds (43g) as PM
snack
1) Whole almonds (replaced
half of their habitual fat)
2) Almond oil (replaced half
of their habitual fat)

Randomized,
crossover
study/4weeks

27 hyperlipidemic
individuals

Randomized,
crossover study/4
weeks

25 mildly
hypercholesterolmic
individuals

↓LDL, ApoB, LDL:HDL, ApoB:a1
No difference in TG, HDL

Randomized, parallel
study/4 weeks

137 individuals with
increased risk for type 2
diabetes

No difference in TG, TC, LDL,
HDL

Randomized
crossover study/6
weeks

22 normolipemic men and
women

No difference between treatment
groups
↓TC, LDL, TG from baseline
↑HDL from baseline

1) Prescribed American
Diabetes Association (ADA)
diet containing 20% of
energy from almonds
2) Prescribed ADA diet with
no almonds
1) NCEP II diet
2) NCEP II diet containing
20 % of energy from
almonds (60g)
84g of almonds

Randomized, parallel
study/16 weeks

65 individuals with
prediabetes

↓LDL (-10.6%)
Both group experienced declines
in weight, BMI, and WC

Randomized,
crossover feeding
study/4 weeks

20 Chinese patients with
type 2 diabetes wit
hyperlipidemia

↓TC, LDL, LDL:HDL, apoB
No difference in TG, HDL

Sequential study
design/ 3 weeks

16 normolipidemic male
volunteers

↓TC, LDL
No difference in HDL and TG
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↓TC: raw and roasted almonds,
but not almond butter
No change in HDL, but increased
after almond butter
↓TC, LDL
No difference in HDL and TG

Spiller et al., 2013, [126]

1) Roasted salted almonds
2) Roasted almond butter
3) Raw almonds (control)

Randomized
controlled, parallel
design/ 4 weeks

38 hypercholesterolemic
adults

Jambazian et al., 2005,
[127]

1) Control diet
2) Low almond diet (10%
total energy)
3) High almond diet (20%
total energy)
1) Almond-based diet (100
g)
2) Olive oil-based diet
3) Dairy-based diet
1) NECP step1 diet
2) NECP step1 diet with 25
g of almond powder

Randomized,
crossover, feeding
study/ 4 weeks

16 healthy adults

Randomized,
controlled, parallel
study/ 4 weeks

45 hyperlipidemic adults

↓TC, LDL from baseline
No difference in HDL

Randomized,
crossover
study/4weeks

30 hyperlipidemic adults

↓TC, LDL
No change in HDL and TG

Spiller et al., 1998 [128]

Tamizifar et al., 2005
[119]
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Figure 2-2. Nutrients responsible for LDL-C reduction: possible sites of mechanistic action. Source: Berryman et al. 2011
[129]

41

Figure 2-3. Dose-response relationship for the absolute (A) and relative (B) LDL-C
lowering effects of phytosterols.Source: Demonty et al, 2009 [123]
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Glycemic control

A few studies have been conducted to assess the effects of almonds on glucose,
insulin, and insulin resistance as measured by HOMA-IR, or an oral glucose tolerance
test (Table 2-14). Lovejoy et al. [118] conducted a randomized, crossover study that
compared four diets in 30 participants with type 2 diabetes: 1) high-fat, high almond
(37% total fat, 10% from almonds); 2) low-fat, high-almond (25% total fat, 10% from
almonds); 3) high-fat control (37% total fat, 10% from olive or canola oil); 4) low-fat
control (25% total fat, 10 % from olive or canola oil). After each 4-week diet, an oral
glucose tolerance test was conducted. Results showed that neither fat source (almond
vs. olive or canola oil) nor fat level (37% total fat vs. 25% total fat) influenced any
glucose or insulin index.
In contrast, five RCTs have demonstrated beneficial effects of almonds on
glycemic control parameters. Jenkins et al. [116] conducted a randomized crossover
study in which 27 hyperlipidemic adults received one of three isocaloric supplements for
1 month: 1) full dose muffins; 2) half-dose almonds plus half dose muffins; 3) full dose
almonds. Results showed that insulin secretion was significantly reduced after
consumption of the half- and full-dose almonds compared with the control (P = 0.002; P
= 0.004, respectively). Li et al.[122] conducted a randomized, crossover clinical trial in
which 20 participants with type 2 diabetes received either a NCEP Step II diet with 20%
of energy from almonds or no almonds for 4 weeks. Results indicated that levels of
insulin, glucose, and HOMA-IR were significantly lower after the almond diet compared
with the control diet (4.1%; 0.8%; 9.2%, respectively). Wien et al. [12] reported that an
almond supplemented diet (20% of total energy from almonds) had greater reductions in
insulin (-1.78 vs. +1.47 µU/ml, P=0.002), HOMA-IR (-0.48 vs. +0.30, P =0.007), and
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homeostasis model analysis for beta-cell function (-13.2 vs. +22.3, P =0.001) compared
with a nut free diet in 65 adults with prediabetes.
Three postprandial studies have been conducted. Mori et al. [130] conducted a
randomized, 5-arm, crossover design study where whole almonds, almond butter,
defatted almond flour, almond oil or no almonds (control) were incorporated into a
carbohydrate-matched breakfast meal. A 2 hour, 75-gram oral glucose tolerance test
was conducted twice after consumption of breakfast and lunch. Results indicated that
whole almonds decreased the daylong blood glucose incremental area under the curve
(AUCI) (post-breakfast and lunch) compared with the control. Almond oil decreased
morning AUCI compared with the control (all P < 0.05). Jenkins et al. [131] investigated
how almonds influence postprandial glycemic response in 15 healthy individuals. After
the consumption of a meal containing almonds, the postprandial glucose peak height
was significantly lower than the peak height after the control white bread meal (5.9 ± 0.2
vs. 6.9 ± 0.2 mmol/L, P < 0.001). Josse et al. [132] assessed the effects of three
amounts of almonds (30, 60, 90 g) on the postprandial blood glucose response. Results
showed glucose peak height was significantly lower after the 90 g almond meal
compared with the control meal (P= 0.043). In addition, the addition of almonds to white
bread resulted in decreasing meal glycemic index in a dose dependent manner: 1) 30 g
almonds: 105.8 ± 23.3; 2) 60 g of almonds: 63.0 ± 9.0; 3) 90 g almonds: 45.2 ± 5.8.
Collectively, these studies demonstrate that almonds improved glycemic control by
decreasing glucose, insulin, HOMA-IR and AUCI.
There have been few studies conducted to investigate the effects of almonds on
glycemic control. The mechanism for blood glucose lowering effects of almonds is not
fully understood. Cassady et al. [133] suggested that masticating almonds may enhance
the release of the incretin hormone glucagon-like peptide-1 (GLP-1) that increases
insulin section from the pancreas and promotes insulin sensitivity (Figure 2-4).
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Table 2-14. Major clinical studies evaluating the effects of almonds on glycemic control parameters
Authors

Treatment

Study design/duration

Subject profile

Results

Li et al., 2011 [122]

1) NCEP II diet (control)
2) Almond diet: 20% energy from
almonds (60g)
2 week run in period
1) American Diabetes Association
diet
2) ADA diet containing 20% of
energy from almonds
1) 22.2% energy: full dose
almonds (73g) with NCEP 2 diets
2) Half-dose almonds plus half
dose muffins
3) Full dose muffins

Randomized crossover
trial (controlled feeding)/
4weeks

20 Chinese patients with
type 2 diabetes mellitus

↓Insulin, glucose, HOMAIR

Randomized parallel
trial/16 weeks

65 adults with prediabetes

Randomized crossover
study/1 month

27 hyperlipidemic
individuals

Control meal: white bread
1) almonds (60g) with white bread
2) parboiled rice
3) instant mashed potato
GI: 38; 55; 94 respectively
Study 1: 100g almonds
Study 2: high-fat, high almond diet
(HFA)/low-fat, high almond diet
(LFA)/ high-fat control (HFC)/lowfat control(LFC)

Postprandial experiment
for 4 hours after almond
consumption

15 subjects

Study1: parallel study
Study2: randomized
crossover study

Study1: 20 free living
healthy volunteers
Study2: RCT 30 volunteer
with type 2 diabetes

Mori et al., 2011 [130]

1) Whole almonds
2) Almond butter
3) Defatted almond flour
4) Almond oil
5) no almonds

Randomized, 5-arm,
crossover design

14 impaired glucose
tolerant adults

Josse et al., 2007
[132]

50 g of carbohydrate with
1) no almonds
2)30 g of almonds
3) 60 g of almonds
4) 90 g of almonds

Postprandial glycemia
Participants visits 5 times
(3 almond meals 2 control
meals)

9 healthy volunteers

↓insulin, HOMA-IR, HOMA
for beta cell function
↓LDL
No change in BMI, SBP
No difference in glucose,
insulin, c-peptide, or insulin
resistance (HOMA-IR)
↓Urinary c-peptide (marker
of insulin secretion) after
full dose
↑protein thiols
No differences in total
antioxidant capacity
Lower glucose, insulin,
protein oxidative damage
Study1: no change in
insulin sensitivity, body
weight increased, TC, LDL
decreased by 21%, 19%
Study2: TC was lowest with
HFA; glycemia was
unaffected.
↓Whole almonds
attenuated second meal
and blood glucose AUCI
Daylong AUCI decreased
with almond oil
No difference in GLP-1
↓2 hour blood glucose
curve decreased in a dosedependent manner

Wien et al., 2010 [12]

Jenkins et al.,
2008[116]

Jenkins et al., 2006
[131]

Lovejoy et al., 2002
[118]
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Figure 2-4. Mean (±SEM) changes in glucagon-like peptide 1 (GLP-1) concentrations
after almond consumption. Source: Cassady et al, 2009 [133]
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Vascular health

Previous studies have evaluated the potential effects of almonds on vascular
health by measuring blood pressure, endothelial function measured by FMD,
plasma/urinary nitric oxide, and circulating adhesion molecules including ICAM-1,
VCAM-1 and E-selectin (Table 2-15). Both positive and null findings of almonds on
vascular health have been reported. Wien et al. [134] conducted a randomized parallel
trial in which 65 overweight or obese participants consumed either a low-calorie almond
diet or a complex carbohydrate, low calorie diet (control) for 24 weeks. Results showed
that SBP significantly decreased after the almond diet compared with the control diet (11 vs. 0%, P < 0.01), and DBP decreased after both diets (-8 vs. -8%). Similar results
were reported in a study by Abazarfard et al. [112] comparing a nut free hypocaloric diet
with a prescribed hypocaloric diet with 50 g of almonds/day in 100 overweight and obese
participants. Results showed that both diets decreased SBP (-13.96 ± 14.13 vs. -5.88 ±
2.25 mmHg, P < 0.001) and DBP (-2.30 ± 0.58 vs. -7.50 ± 9.90 mmHg, P < 0.001).
Choudhury et al. [111] conducted a 4 week almond supplementation trial where 50 g of
almonds/day were given to participants in 4 groups: 1) healthy middle-aged men (20-55
y), 2) healthy young men (18-35 y), 3) young at risk men (18-35 y) with at least one CVD
risk factor (lipids, blood pressure, or BMI), 4) control men (>18 y). Results showed that
all groups except for the control men significantly decreased SBP from baseline,
however, there were no differences between the groups. Foster et al. [135] conducted a
randomized, parallel study in which 123 overweight and obese participants received
either a hypocaloric, almond-enriched diet or a hypocaloric, nut free diet in the context of
an 18-month behavioral weight-management program. Results indicated that SBP
decreased with weight loss in both groups, but there were no between-group
differences.
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Collectively, these studies showed that blood pressure was decreased from
baseline after the consumption of almonds. However, it is noteworthy that the reduction
in blood pressure was found in both almond-enriched and almond free diets. In addition,
four studies did not find any change in blood pressure in either crossover [109, 122] or
parallel arm study designs [12, 110]. The doses of almonds varied among studies from
10 g to 85 g/day. These findings, taken together, indicate no significant effects of almond
consumption on blood pressure.
A few studies have examined the effects of almonds on other vascular
parameters including FMD and circulating adhesion molecules. Chen et al. [109]
conducted a randomized, crossover study in which 45 patients with coronary artery
disease consumed either a NCEP step I diet with 85 g of almonds/day or a NCEP Step I
diet without almonds for 6 weeks. Results showed that the addition of almonds to NCEP
Step I diet did not change FMD, reactive hyperemia, or pulse wave velocity. In addition,
the levels of E-selectin, VCAM-1, and urinary nitric oxide did not change after the
almond consumption. Consistent results were seen in a study by Liu et al.[136]
comparing a nut free NCEP Step II diet with a NCEP II containing almonds (20% of total
energy) in 20 Chinese patients with type 2 diabetes. Results showed that the almond
enriched NCEP Step II diet did not alter the levels of ICAM-1 and VCAM-1. In contrast,
Rajaram et al.[137] conducted a randomized, crossover feeding trial in which 25
participants received either a control diet without almonds, a low-almond diet (10% of
total energy from almonds), or a high-almond diet (20% of total energy from almonds) for
4 weeks. Results showed that E-selectin was significantly lower after the high-almond
diet compared with the control diet (54.3 ± 4.6 vs. 50.1 ± 4.6 g/L, P < 0.0001).
Collectively, research to date indicates that almond may not improve vascular
health. However, few studies have been conducted to investigate the effects of almonds
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on vascular health. Therefore, future research is warranted to elucidate the role of
almonds on vascular health.
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Table 2-15. Major clinical studies evaluating the effects of almonds on vascular parameters
Authors

Treatment

Study design/duration

Subject profile

Results

Rajaram et al., 2010
[137]

1) Control
2) Low almond diet 10%
3) High almond diet 20%

Randomized, controlled,
crossover feeding
study/4 weeks

25 healthy adults

↓Serum E-selectin after highalmond diet, CRP after both
almond diets

Chen et al., 2015 [109]

1) NCEP step I diet with no
almonds
2) NCEP step I diet with 85 g
almonds

Randomized, controlled,
crossover trial/6 weeks

45 coronary artery
disease patients

Choudhury et al., 2014
[111]

50 g almond/day

Parallel study/4 weeks

Liu et al., 2013 [136]

1) NCEP step II diet
2) NCEP step II diet with
almonds (20% of total energy)
1) No intervention group (NI:
0g/d)
2) Pakistani almonds group (PA:
10g/d)
3) American almonds group (AA:
10g/d)
1) 50 g of almonds/d with
prescribed hypocaloric diet
2) 0 g of almonds/d with
prescribed hypocaloric diet
1) Low-calorie almond diet
2) Complex carbohydrate lowcalorie diet
1) American Diabetes
Association diet
2) ADA diet containing 20% of
energy from almonds

Randomized, crossover,
controlled feeding trial/ 4
weeks
Randomized, parallel
study/12 weeks

1) healthy middle aged
men
2) healthy young men
3) Young men with two
or more CV risk factors
4) control group
20 Chinese patients
with type 2 diabetes

No difference in vascular function
(FMD), peripheral arterial
tonometry, and pulse wave
velocity
No change in BP, CRP, TNFalpha and E-selectin, VCAM-1
urinary nitric oxide
↑plasma α tocopherol
-↑FMD and ↓SBP for all /↓DBP
only in group1

Jamshed et al., 2014,
[110]

Abazarfard et al.,
2014, [112]

Wien et al., 2003 [134]

Wien et al., 2010 [12]

No effects on ICAM-1 and VCAM1

150 coronary artery
disease patients

No effects on blood pressure

Randomized, controlled
study/3 months

100 overweight or
obese individuals

↓SBP and DBP after both diets

Randomized, parallel,
study/24 weeks

65 overweight and
obese adults

↓SBP (-11 vs 0%)
DBP decreased after both diets

Randomized parallel
trial/16 weeks

65 adults with
prediabetes

No change in SBP
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Li et al., 2011 [122]

Foster et al., 2012
[135]

1) NCEP II diet (control)
2) Almond diet: 20% energy from
almonds (60g)
2 week run in period
1) Hypocaloric, almond-enriched
diet
2) Hypocaloric, nut free diet

Randomized crossover
trial (controlled feeding)/
4weeks

20 Chinese patients
with type 2 diabetes
mellitus

No change in SBP and DBP

Randomized, parallel
study/ 18 months

123 overweight and
obese individuals

↓SBP and DBP after both diets

51

2.3 Rationale for current research
Despite evidence of beneficial effects of dark chocolate, cocoa and almonds on
CVD risk factors, the effects of the combined consumption of these foods in a controlled
feeding setting have not been investigated. The majority of the previous intervention
studies have tested the effects of individual consumption of almonds or dark
chocolate/cocoa in free-living settings; diets of participants were not controlled during the
study period, which is considered a confounding factor in the study results. Food
records or food frequency questionnaires have been widely used to estimate food intake
in the study. Nonetheless, underreporting of food intake has been commonly observed in
obese participants, particularly fat intake in obese men [138].
Recent studies have reported that small, dense LDL particles play a role in the
development of atherosclerosis because small LDL particles are more susceptible to
oxidation and have a longer residence time than large LDL particles [139]. Shah et al.
[140] suggested that preclinical vascular outcomes were associated with lipoprotein
subclasses but not with traditional lipids. Therefore, it is important to examine lipoprotein
subclasses in the study, which provide additional CVD risk information.
To our knowledge, the current study is the first controlled-feeding study to
examine the effects of combined consumption of dark chocolate/cocoa and almonds on
CVD risk factors including lipoprotein subclasses, which will contribute to this area of
research. For exploratory analyses, the study outcomes will be further analyzed by
baseline inflammatory status (above or below the median for baseline CRP) because
baseline CRP levels have been shown to predict diet-induced metabolic changes [141,
142]. The sample size was calculated using LDL-C as a primary outcome, therefore, our
study may not have enough power to detect the effects of baseline CRP on the
treatment-induced changes.
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Objectives and hypotheses
1. To investigate the effects of individual and combined consumption of dark
chocolate/cocoa and almonds on lipids, lipoproteins, apolipoproteins, vascular
health and oxidative stress.
Hypothesis: We hypothesized that the individual and combined consumption of
dark chocolate/cocoa and almonds would favorably affect lipids, lipoproteins,
apolipoproteins, vascular health, and oxidative stress; the effects will be greatest
when both dark chocolate/cocoa and almonds are consumed compared with a
control diet.
2. To explore the effects of inflammation on diet-induced changes in lipids,
lipoproteins, apolipoproteins, markers of vascular health and oxidative stress in
response to the treatment diets.
Hypothesis: We hypothesized that individuals with low CRP levels at baseline
would have favorable metabolic changes to a greater extent compared with
participants with high CRP levels at baseline.
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Chapter 3 Effects of dark chocolate and almonds on
cardiovascular risk factors in overweight and obese adults: a
randomized controlled trial

Abstract
Background: Consumption of almonds or dark chocolate/cocoa has favorable effects on
markers of coronary heart disease (CHD); however, the combined effects have not been
evaluated in a well-controlled feeding study.
Objective: The objective was to examine the effects of individual and combined
consumption of dark chocolate/cocoa and almonds on markers of CHD risk.
Design: A randomized, controlled 4 period, crossover, feeding trial was conducted in
overweight and obese individuals with elevated low-density lipoprotein cholesterol (LDLC). Each treatment period was 4 week long, followed by 2 week of a compliance break.
Participants consumed each of 4 isocaloric, weight maintenance diets: 1) no treatment
foods (Average American Diet, AAD), 2) 42.5 g of almonds/day (ALD), 3) 18 g of cocoa
and 43 g of dark chocolate/day (CHOC), or 4) both foods (CHOC+ALD) for 4 weeks.
Results: Thirty-one participants completed the study. Compared with the AAD, total
cholesterol, non-high-density lipoprotein cholesterol and low-density lipoprotein
cholesterol (LDL-C) after the ALD were lower by 4%, 5%, and 7%, respectively (P<0.05).
The CHOC+ALD decreased apolipoprotein B by 5% compare with the AAD; however,
the CHOC did not affect any lipids and lipoproteins. For LDL subclasses, compared with
the AAD, the ALD showed a greater reduction in large, buoyant LDL particles (-5.7 ± 2.8
vs. -0.3 ± 2.3 mg/dL; P=0.04) whereas the CHOC+ALD had a greater decrease in small,
dense LDL particles (-12.0 ± 2.8 vs. -5.3 ± 2.8 mg/dL; P=0.04). However, there were no
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treatment effects on blood pressure, flow-mediated dilation, and markers of oxidative
stress. Percentage reductions in Framingham 10-year CHD risk score from baseline
were significant after the ALD (-17 ± 4%, P<0.01) and CHOC+ALD (-11 ± 4%, P<0.05).
Conclusions: Our results demonstrate that consumption of almonds alone or combined
with dark chocolate under controlled-feeding conditions improves lipid profiles, which is
accompanied by a decrease in Framingham 10-year CHD risk scores.
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Introduction
Heart disease is the leading cause of death in the United States, accounting for
nearly 610,000 deaths in 2015 [143]. Suboptimal diet quality led to 678,000 annual
deaths in 2010; one of the major contributors was insufficient nut consumption [143].
Previous epidemiologic studies have shown that nut consumption was inversely
correlated with the risk of coronary heart disease (CHD) and all-cause mortality [8, 107].
The PREDIMED trial showed that a Mediterranean diet supplemented with extra-virgin
olive oil (I liter per week) or mixed nuts (30 g of walnuts, hazelnuts, and almonds/day)
reduced the incidence of major cardiovascular events by 30%, 28%, respectively,
compared with a control diet [144]. Among different tree nuts, almonds are high in
unsaturated fatty acids, particularly oleic acid (18:1) and linoleic acid (18:2), and contain
α-tocopherol, minerals, plant protein, fiber, and phytosterols [10]. A strong body of
evidence has shown that almonds have lipid-lowering effects, particularly low-density
lipoprotein cholesterol (LDL-C) [6, 7]. Furthermore, almonds improve other
cardiovascular risk factors including insulin resistance [122], endothelial dysfunction
[111], inflammation [136], and oxidative stress [145].
Observational studies have shown that dietary flavonoids reduce the risk of CHD
[146, 147]. Among numerous high dietary sources of flavonoids, dark chocolate has a
higher amount of flavonoids compared with red wine, black tea, cranberry juice, and
apples [15]. The high flavonoids, particularly flavanols (i.e., catechin, epicatechin and
procyanidins), in dark chocolate may contribute to cardioprotective benefits. A metaanalysis of randomized controlled trials showed that chocolate or cocoa consumption
reduced insulin resistance and improved endothelial function and blood pressure [83].
The objective of the current study was to investigate the individual and combined
effects of dark chocolate/cocoa and almonds on lipid, lipoprotein, apolipoprotein
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concentrations, vascular health, and oxidative stress in overweight and obese individuals
with elevated LDL-C. We hypothesized that the individual and combined consumption of
dark chocolate/cocoa and almonds would favorably affect lipids, lipoproteins,
apolipoproteins, vascular health, and oxidative stress; the effects will be greatest when
both dark chocolate/cocoa and almonds are consumed compared with a control diet.

Methods
Participants
Overweight or obese individuals (BMI 25-40 kg/m2) 30-70 years of age with LDLC between 25-95th percentile from NHANES (105-194 mg/dL for males, 98-190 mg/dL
for females) were recruited. Exclusion criteria included smoking, elevated blood pressure
(≥159/99 mmHg), a history of myocardial infarction, stroke, diabetes mellitus, liver
disease, kidney disease, thyroid disease and inflammatory gastrointestinal disease.
Participants taking the following supplements/medications were excluded unless they
were willing to discontinue for the duration of the study: nutritional supplements, herbs,
vitamins, nonsteroidal anti-inflammatory drugs, cholesterol-lowering
supplements/medications such as psyllium, fish oil capsules, soy lecithin, niacin, fiber,
flax, and phytoestorgens, stanol/sterol supplemented foods. Women were excluded if
they were lactating, pregnant, or planned to become pregnant during the study.
Individuals who followed a vegetarian diet or had nut allergies were excluded. The study
protocol was approved by the Institutional Review Board of The Pennsylvania State
University. Written informed consent was obtained from all enrolled participants at the
screening visit. All study samples were collected and procedures were conducted at The
Penn State Clinical Research Center (CRC). The trial was registered at
ClinicalTrials.gov (identifier: NCT01882881).
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Recruitment, screening, and randomization
Participants were recruited from March 2013 to July 2015 via flyers posted on
University bulletin boards, local newspaper advertisements, and email lists at The
Pennsylvania State University. Five hundred thirty potential participants emailed or
called to express interest in the study. A trained interviewer conducted telephone
screening interview to ask a list of medical and lifestyle questions. One hundred fortynine persons met the inclusion criteria and were scheduled for a screening appointment
at the Penn State CRC. At the screening visit, written informed consent was obtained
and height, weight, and blood pressure were measured, and fasting blood samples were
collected by staff nurses. Of the 149 individuals who were screened, 48 met the study
inclusion criteria and were enrolled in the study. To ensure that there were no effects of
treatment order on study outcomes, 48 eligible participants were randomized to
treatment sequences. The randomization scheme was generated by using the website
Randomization.com, http://www.randomization.com.

Study design and intervention
We conducted a randomized, 4-period, crossover, controlled-feeding trial.
Eligible participants were randomly assigned to receive one of four diets for 4 weeks.
After a 2-week washout period/break, participants were crossed over to a different test
diet. At the end of the study, participants had received all four diets. At baseline and at
the end of each diet period, participants visited the CRC on two consecutive days for
measuring weight, waist circumference, blood pressure, and vascular endothelial
function. In addition, fasting blood samples were collected by staff nurses. Participants
were given a 24-hour urine collection kit on the first day of the visit and returned the
urine samples on the second day of the visit. All meals and snacks were prepared in the
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Penn State Metabolic Diet Study Center where participants picked up food from Monday
to Friday. On Fridays, participants were given a cooler containing meals and snacks for
Saturday and Sunday. Outcome assessors (staff nurses and a single sonographer) and
study coordinators were blinded to the treatments, however, participants could not be
blinded to the treatments due to the presence or absence of treatment foods in their
meals and snacks. Participants were asked to weigh themselves and fill out a daily
weight log when they picked up food at the diet center. Compliance was assessed by
study coordinators who checked daily weight logs and daily food logs to ensure that
participants consumed all meals and snacks provided. In addition, participants were
instructed to maintain their physical activity and lifestyle habits throughout the study.
Diets were provided at energy levels that matched individual participants’ daily
requirements that were calculated using the Harris-Benedict equation to maintain body
weight throughout the study period. All participants were placed on isocaloric, weight
maintenance diets. Diets were similar except for the presence or absence of treatment
foods; 42.5 g of almonds (253 kcal/d), 18 g of natural cocoa and 43 g of dark chocolates
(251.1 kcal/d) or both (504.1 kcal/d) were provided as a snack (Table 3-1). The
treatment foods accounted for the differences in the nutrient profile among the test diets
(Table 3-2). The four test diets were: 1) Average American Diet (AAD) - comprised of
the same foods as the other diets with the exception of almonds and dark
chocolate/cocoa. In the AAD, butter, cheese, and refined grains were isocalorically
substituted for the treatment foods in the other test diets. 2) Almond Diet (ALD) included almonds and also was slightly lower in saturated fatty acids (SFAs) (8%
compared with 13%) and higher in monounsaturated fatty acids (MUFAs) (16%
compared with 13%) and polyunsaturated fatty acids (PUFAs) (9% compared with 7%)
compared to the AAD. 3) Chocolate Diet (CHOC) - contained the same foods as the
ALD, but natural cocoa powder and dark chocolate were isocalorically substituted for
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almonds. CHOC was slightly higher in SFA (12% compared with 8%) than the ALD,
however there was a high proportion of the SFA from stearic acid (5.5 g/d) provided by
the dark chocolate. 4) Chocolate and Almond Diet (CHOC+ALD) -contained natural
cocoa powder, dark chocolate, almonds, and less butter, cheese, and refined grains.
This diet had the most fiber (32 g) due to the fiber content of dark chocolate, cocoa, and
almonds. Average caloric intake was 2500 kcal/d and was ranged from 1800 to 3300
kcal/d; men: 2772 kcal/d (range: 2400-3300 kcal/d), women: 2123 kcal/d (range: 18002400 kcal/d). All diets used the same six-day cycle menus (Appendix B) with the
differences being the inclusion of almonds, natural cocoa powder and dark chocolate. An
example of food substitution in a sample one-day menu is presented in Table 3-3.
Menus were developed using Food Processor SQL software, version 10.8 (ESHA
Research, Salem, OR).
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Table 3-1. Nutrient profiles of test materials

Almonds
g, product per day

Dark chocolate
+ Cocoa powder

Almonds + Dark
chocolate +
Cocoa powder

43.5

61.0

104.5

253.0

251.1

504.1

Protein, g

9.0

7.2

16.2

Carbohydrate, g

9.0

34.2

43.2

22.1

15.2

37.3

SFAs, g

1.7

9.4

11.1

Trans Fat, g

0.0

0.1

0.1

MUFAs, g

13.8

5.1

18.9

PUFAs, g

5.5

0.6

6.1

Cholesterol, mg

0.0

5.5

5.5

Fiber, g

4.6

7.3

11.9

Sugars, g

1.8

22.7

24.5

Sodium, mg

1.0

122.9

123.9

Potassium, mg

303.0

512.0

815.0

Calcium, mg

114.0

107.5

221.5

Iron, mg

2.0

3.6

5.6

Caffeine, mg

0.0

39.8

39.8

Theobromine, mg

0.0

422.7

422.7

Total Proanthocyanidins, mg

1.9

271.9

273.8

Calories, kcal

Fat, g

MUFAs, monounsaturated fatty acids; PUFAs, polyunsaturated fatty acids; SFAs,
saturated fatty acids.
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Table 3-2. Nutritional composition of the treatment diets at the 2100 kcal-level1
Nutrients

AAD

ALD

CHOC

CHOC+ALD

g (% of energy)
Total energy, kcal

2088

2098

2079

2076

Carbohydrates

260 (49)

264 (48)

285 (51)

272 (49)

Protein

89 (17)

87 (16)

84 (16)

87 (16)

Total fat

81 (34)

83 (36)

76 (33)

82 (35)

SFA

29 (13)

20 (8)

27 (12)

20 (9)

MUFA

29 (13)

37 (16)

29 (12)

38 (16)

PUFA

15 (7)

20 (9)

15 (6)

19 (8)

Cholesterol, mg

262

152

157

115

Fiber

23

27

28

32

Magnesium, mg

266

371

251

358

Calcium, mg

1125

916

874

855

Sodium, mg

3311

2889

2967

2633

Potassium, mg

2787

2993

2998

3219

1

The average of the nutrient composition from six day menus is presented. All nutrients
were analyzed by Food Processor SQL. AAD, average American diet; ALD, almond diet;
CHOC, chocolate diet; CHOC+ALD, chocolate and almond diet; MUFA,
monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; SFA, saturated fatty
acids.
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Table 3-3. Example of one-day sample menus for the test diets
AAD

ALD

CHOC

CHOC+ALD

Breakfast
Granola

Granola

Granola

Granola

Croissant

Almonds

Cocoa beverage

Cocoa beverage

Butter

2% milk

2% milk

2% milk

White bread

White bread

White bread

White bread

Pretzels

Pretzels

Pretzels

Pretzels

Baby carrots

Baby carrots

Baby carrots

Baby carrots

Mayonnaise

Mayonnaise

Mayonnaise

Mayonnaise

Celery

Celery

Celery

Celery

Hummus

Hummus

Hummus

Hummus

Pear

Pear

Pear

Pear

Tuna fish

Tuna fish

Tuna fish

Tuna fish

Meatloaf with
potatoes

Meatloaf with
potatoes

Meatloaf with
potatoes

Meatloaf with
potatoes

Green beans

Green beans

Green beans

Green beans

Vanilla pudding

Vanilla pudding

Vanilla pudding

Vanilla pudding

Dinner roll

Dinner roll

Dinner roll

Almonds

Butter

Butter

Butter

Saltines

Saltines

Saltines

Saltines

Cheddar cheese

½ cheese

½ cheese

Almonds

Almonds

Bliss chocolate

Bliss chocolate

2% milk
Lunch

Dinner

Snack
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Blood sample collection
Blood samples were collected by venipuncture on two consecutive days at
baseline and at the end of each treatment period. Participants fasted for 12 hours, and
were asked not to consume alcohol and any vitamin/mineral supplements or medications
for 48 hours and 24 hours, respectively. Blood was drawn into EDTA-containing tubes,
centrifuged at 4°C for 15 minutes, and stored at -80°C until the analyses were
conducted.

Serum lipids, lipoproteins, and apolipoproteins
Total cholesterol (TC) and triglycerides (TGs) were measured by enzymatic
analysis (Quest Diagnostics, Pittsburgh, PA; coefficient of variation [CV] < 2% for both
measurements). High-density lipoprotein cholesterol (HDL-C) was measured according
to the modified heparin-manganese procedure (CV < 2%). Friedewald equation [LDL-C
= TC-(HDL-C+TG/5)] was used to calculate LDL-C [148]. In addition, serum
concentrations of lipids, lipoproteins, and apolipoproteins were measured using Vertical
Auto Profile test [149] (Atherotech Diagnostics Lab, Birmingham, AL), a comprehensive
test for all lipoprotein classes and subclasses: TC, LDL-C, HDL,-C non-HDL-C, TG,
lipoprotein(a) [Lp(a)], intermediate-density lipoprotein cholesterol (IDL-C), very-low
density lipoprotein cholesterol (VLDL-C), and subclasses of LDL-C, HDL-C, VLDL-C,
and IDL-C. Apolipoproteins were calculated using equations according to Kulkarni et al.
[150].

Serum glucose, insulin, and C-reactive protein
Glucose was measured by spectrophotometry (Quest Diagnostics, Pittsburgh,
PA). Plasma fasting insulin was measured by immunoassay (Quest Diagnostics,
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Pittsburgh, PA). Serum high-sensitivity c-reactive protein (hs-CRP) was measured by
latex-enhanced immunonephelometry (Quest Diagnostics; CV<8%).

Plasma nitric oxide
Plasma nitric oxide was measured by a spectrophotometric assay using the
Griess reagent according to Green et al [151]. The intra- and inter day CV were 2.4 and
2.5%, respectively.

Plasma flavonoids, phenolic acids and α-tocopherol
Plasma flavanols (catechin and epicatechin) and flavonol (quercetin) and
phenolic acids (caffeic, ferulic, vanillic, and p-coumaric acid) were measured by High
Performance Liquid Chromatography (HPLC) analysis using a ESA CoulArray System
(ESA, Inc. Chelmsford, MA) with electrochemical detection according to Chen et al.
[152]. Briefly, vitamin C-EDTA, internal standard, and β-glucuronidase sulfatase were
added to plasma and the mixture was incubated at 37°C for 45 minutes. After enzyme
digestion, flavonoids and phenolic acids were extracted with acetonitrile and the
supernatant dried and reconstituted in aqueous HPLC mobile phase. Following
centrifugation, 100 µL supernatant were injected into the HPLC with detection achieved
with potentials applied from 60-720 mV at 60 mV increments. Quantification of
flavonoids and phenolic acids were calculated based on standard curves using authentic
standards with adjustment for the internal standard (4´-hydroxy-3´methoxyacetophenone).
Plasma concentration of α-tocopherol extracted with hexane were measured
suing an isocratic HPLC with fluorescence detection as described by Sundram and Nor
[153]. Separation of analytes was achieved using silica Finepack SIL-5 columns
connected in series and a mobile phrase of hexane and isopropyl alcohol.
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Ex vivo resistance of LDL to oxidation
Plasma samples for the analysis of LDL oxidation were prepared by adding
166.5µl of 6% sucrose solution to 1.5 ml of plasma and stored at -80°C before analysis.
The ex vivo resistance of LDL to Cu2+-mediated oxidation were measured by the
formation of conjugated dienes at 37°C over 3 hours with a Shimadzu UV 1601
spectrophotometer at an absorbance of 234 nm according to Chen et al. [152]. The
results of the assay are expressed as lag time (min).

Urinary F2α-Isoprostanes
8-iso-prostaglandin F2α is a biomarker of lipid peroxidation that may be related to
in vivo oxidative damage. Urine samples for the analysis of urinary isoprostanes were
prepared by adding 18 µl of butylated hydroxytoluene to 1 ml of urine and stored at 80 °C before analyzing.
Urinary concentration of F2-isoprostanes and their metabolites were measured
by using HPLC and GC/MS according to method described by Liang et al.[154]. Values
were adjusted for the creatinine concentration of urine. The intra- and inter day CV were
3.13% and 9.25%, respectively.

Endothelium Function
Flow mediated dilation (FMD)

At baseline and the end of each treatment, endothelium-dependent FMD of the
brachial artery was tested in a darkened room. After a 12-hour fasting, participants visit
the CRC and were rested in a supine position for 8 minutes. After the rest, the brachial
artery in the upper arm was scanned by ultrasound probe in a longitudinal section and
continuous cross-sectional images were recorded for 8 minutes at 250 mm Hg, which
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consisted of images during rest for 1 minute, arterial occlusion via a forearm cuff for 5
minutes, and reactive hyperemia for 2 minutes. Changes in brachial artery diameter
(BAD) were measured using external B-mode ultrasound imaging (Acuson Aspen 128XP
equipped with a 10 mHz linear array transducer; Acuson). A single sonographer
conducted all FMD tests throughout the study.
Quantification of arterial diameter and FMD

BADs were measured with edge detection software (Brachial Analyzer, MIA,
Iowa City, IA). Images were gated at end diastole (one image/cardiac cycle) using Rwave detection. BAD (mm) was measured from the anterior to the posterior “m” line
(interface between media and adventitia). The baseline BAD was determined by
averaging diameters in all images recorded during the rest for 1 minute. The peak BAD
was determined as the largest diameter recorded in the 2 minutes following cuff release.
FMD was expressed as percentage change from baseline and was calculated as
follows: %FMD = [(peak BAD – baseline BAD)/baseline BAD]*100. Two independent
individuals identified the baseline and peak BADs and calculated %FMD. If %FMD
values differed by >2%, a third person scored the scan. The average of the two close
scores was used as a final value.
Measurement of reactive hyperemia

Using duplex pulsed Doppler, average flow velocity (m/s), maximum flow
velocity, and velocity time integral (VTI) were measured. Arterial blood flow was
determined from Doppler flow VTI, BAD, and heart rate measurements by using the
equation: Brachial arterial blood flow (ml/min) = π X (BAD/2)2 X VTI X heart rate.
Reactive hyperemia was expressed as change in flow volume following cuff release and
was calculated as follows:
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Reactive Hyperemia = [(peak flow volume- baseline flow volume)/basal flow volume] X
100.

Blood pressure
At baseline and the end of each visit, blood pressure was measured by staff
nurses on two consecutive days. Participants sat for 5 minutes and were asked to not to
cross their legs. After a 5-min rest, blood pressure was measured in triplicate by a
standard mercury stadiometer (V.A. Baum Co, Copiague, NY). The average of the
second and third systolic and diastolic readings were used to assess blood pressure
status.

Framingham 10-year CHD Risk Score
Using baseline and endpoint data after each treatment diet, age, sex, TC, HDLC, and systolic blood pressure for each participant were entered into the Framingham
10-year CHD risk score calculator [155].

Statistical methods
Statistical analyses were performed using SAS (version 9.3; SAS Institute, Cary,
NC). Normality for each variable was assessed using the univariate procedure (PROC
UNIVARIATE) to check skewness. Variables were log-transformed if skewed and
presented as geometric means (95% CIs). For normally distributed variables, values are
presented as mean ± SEMs. A P-value of <0.05 was considered significant. Only
participants who completed the entire study were included in the final analyses.
Therefore, a per-protocol approach was used for the data analysis to avoid the need for
multiple imputations for missing data. Separate analyses were conducted for 1) mean
values at the end of each diet period for all study outcomes, 2) within treatment
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percentage changes in lipids, lipoproteins, apolipoproteins, and Framingham 10-year
CHD risk score, and 3) within treatment changes from baseline in lipoprotein subclasses.
The mixed model procedure in SAS (version 9.3) was used with treatment, visit and sex
considered as fixed effects, repeated for subjects over treatment periods, and baseline
values, age, and BMI adjusted as covariates. For the FMD analysis, baseline BAD was
included as a covariate in the model. Interactions between sex and treatment group and
between treatment and visit (carryover effect) were included in the model. Tukeyadjusted P values were used for post hoc comparisons between groups. The adjusted P
<0.05 and P < 0.10 were considered significant and a trend, respectively. Percentage
change scores were calculated by dividing change scores by baseline values, then
multiplying the result by 100. Change scores were calculated by subtracting baseline
values from values after each treatment. The primary outcome in the study was LDL-C.
The sample size calculation was based on information from the previous studies [69,
122] and showed that 20 participants are needed with the assumption of a significance
level of 5% and 80% power.

Results
Of 530 persons who responded to advertising, 149 persons (28%) were eligible
for the screening visit and 102 persons (19%) underwent clinical assessment and 47
persons declined the screening visit due to the time commitment. Of 102 screeners, 48
persons met the inclusion criteria and agreed to participate in the study; 54 individuals
were not excluded from the study because of an inability to comply with the time
commitment (n=12), BMI <25 or >40 kg/m2 (n=7), LDL-C <25th or >95th (n=28), fasting
glucose level > 126 mg/dL, low iron status (n=3), low platelets (n=1), systolic blood
pressure (SBP) ≥ 159 or diastolic blood pressure (DBP) ≥ 99 mmHg (n=1), and
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undisclosed health issue (n=1). There were 17 dropouts in the study: 7 dropped before
completing the first diet period, 8 completed one diet period, 1 competed two diet
periods, and 1 competed 3 diet periods. The reasons for dropouts included: noncompliance (n=2), dislike test meals (n=5), time restraints (n=3), relocation (n=1), and
personal reasons unrelated to study (n=6). A total of 31 participants completed all 4 diet
periods and were included in the final analyses (Figure 3-1). The baseline
characteristics of participants are presented in Table 3-4. Study participants were
middle-aged and overweight (29.55 ± 2.81 kg/m2). They had elevated TC (210.03 ±
36.99 mg/dL) and LDL-C (138.31 ± 31.54 mg/dL) but otherwise healthy. Based on food
daily food logs, participants consumed all meals and snacks provided and did not
consume any non-study foods on 95.2% of reported days. Participants experienced a
slight weight loss (mean ± SEM: -1.44 ± 1.66 kg) after the first diet period but maintained
weight during the remainder of the study, therefore, there were no differences in
participants’ weight between the diets (P > 0.05).
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Responded to advertising
n =530

Eligible after phone screening
n =149
Eligible after phone screening
N=149

Declined n = 47
Due to time commitment

Clinical assessment
n = 102
Eligible after phone screening
N=149

Excluded (n=54)


Eligible (n=12), but decided to not
to participate due to time
commitment



Ineligible (n=42)
-

BMI <25 or >40 (n=7)
LDL < 25th or >95th (n=28)
Fasting glucose > 126 mg/dL(n=1)
Low iron status (n=3)
Low platelets (n=1)
SBP ≥ 159 or DBP ≥ 99 mmHg (n=1)
Health problem (n=1)

Randomized
n = 48

Completed
n = 31

Figure 3-1. Flow of participants in the study
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Dropouts (n=17)






Not compliant (n=2)
Food dislikes (n=5)
Time restraints (n=3)
Relocation (n=1)
Personal reasons (n=6)

Table 3-4. Baseline characteristics of the participants1
Mean ± SD
N (female, male)

31 (13, 18)

Age, years

46.32 ± 10.12

BMI, kg/m2

29.55 ± 2.81

Waist circumference, cm

100.08 ± 7.68

Office blood pressure, mm Hg
Systolic†

119.81 (115.04-124.78)

Diastolic

82 ± 8.68

Lipids and lipoproteins, mg/dL
TC

210.03 ± 36.99

HDL-C

41.93 ± 10.96

LDL-C

138.31 ± 31.54

TGs†

137.07 (116.72-160.97)

Glucose, mg/dL

93.90 ± 8.12

Insulin, µU/mL†

5.78 (4.44-7.52)

hs-CRP, mg/L†

1.48 (0.96-2.29)

1Values

are mean ± standard deviation and were obtained using the UNIVARIATE procedure in SAS; BMI,
body mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
TGs, triglycerides; hs-CRP, high sensitivity c-reactive protein; †Geometric means (95% CI)
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Endpoint differences between treatments
Endpoint lipid results for the 4 diets are presented in Table 3-5. The ALD
decreased TC (195.36 ± 3.61 compared with 204.59 ± 3.59 mg/dL, P < 0.01), non-HDLC (153.95 ± 3.52 compared with 162.77 ± 3.50 mg/dL, P < 0.01), and LDL-C (126.41 ±
2.84 compared with 135.62 ± 2.82 mg/dL P < 0.01) compared with the AAD. However,
there were no differences between the diets for HDL-C, IDL-C, Lp(a), VLDL-C, and TG
(all P > 0.05).
For lipoprotein subclasses, there were no treatment effects for HDL2, HDL3, or
VLDL3; however, the ALD decreased large, buoyant LDL particles (LDL1+2) compared
with the AAD (42.07 ± 2.27 compared with 47.48 ± 2.27 mg/dL, P <0.05). In addition, the
CHOC+ALD tended to decrease small, dense LDL particles (LDL3+4) compared with the
AAD (58.30 ± 2.83 compared with 64.71 ± 2.82 mg/dL, P =0.06).
For apolipoproteins, the CHOC+ALD decreased apolipoprotein B (ApoB)
compared with the AAD (101.93 ± 2.35 compared with 107.45 ± 2.36 mg/dL, P < 0.05);
however, there was no treatment effect on apolipoprotein A1 (ApoA1) (P > 0.05). The
CHOC+ALD decreased the ratios of ApoB to ApoA1 (0.72 ± 0.01 compared with 0.76 ±
0.01, P < 0.05) and TC to HDL-C (4.84 ± 0.12 compared with 5.11 ± 0.12, P < 0.05)
compared with the AAD.
For other metabolic parameters, consumption of the CHOC and CHOC+ALD
diets increased fasting glucose compared with the AAD (96.24 ± 1.10 and 95.72 ± 1.10
compared with 94.92 1.10 mg/dL, both P < 0.05); however, there were no treatment
effects for insulin, HOMA-IR, and hs-CRP (all P > 0.05).
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Table 3-5. Effects of treatments on the fasting markers of metabolic variables
AAD

ALD

CHOC

CHOC+ALD

P Value

TC, mg/dL

204.59±3.59ad

195.36±3.61b

207.62±3.59ac

199.58±3.60bd

<0.01

Non-HDL-C, mg/dL

162.77±3.50ad

153.95±3.52b

165.02±3.50ac

156.49±3.51bd

<0.01

HDL-C†, mg/dL

40.69
(39.19, 42.25)
9.59
(8.93, 10.30)
35.03
(33.64, 36.47)
135.62±2.82ad

40.16
(38.68, 41.71)
9.02
(8.40, 9.70)
34.36
(33.00, 35.79)
126.41±2.84b

41.41
(39.88, 43.00)
9.66
(8.99, 10.38)
34.84
(33.46, 36.28)
136.09±2.83ac

41.86
(40.31, 43.47)
9.88
(9.19, 10.62)
35.24
(33.84, 36.69)
128.86±2.83bd

<0.01

LDL1

20.20±0.68

18.62±0.69

20.50±0.68

19.88±0.69

0.07

LDL2

27.41±2.03

23.60±2.04

25.85±2.03

27.40±2.03

0.10

LDL1+2

47.48±2.27a

42.07±2.27b

46.22±2.27ab

47.14±2.27ab

0.03

LDL3

53.09±2.02

49.55±2.03

51.51±2.02

48.06±2.03

0.07

LDL4†

8.73
(6.51, 11.70)
64.71±2.82

10.07
(7.48, 13.55)
62.55±2.83

9.50
(7.10, 12.69)
64.53±2.82

7.49
(5.56, 10.10)
58.30±2.83

0.048

16.69±0.63

16.04±0.63

16.62±0.63

15.97±0.63
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27.36
(24.91, 30.05)

27.61
(25.12, 30.33)

27.85
(25.36, 30.59)

26.07
(23.73, 28.65)

0.39

32.14±1.10

31.52±1.10

32.17±1.10

30.90±1.10

0.61

ApoB

14.96
(13.98, 16.02)
4.87
(4.12, 5.77)
126.90
(114.53,
140.61)
107.45±2.36a

15.15
(14.15, 16.22)
5.29
(4.47, 6.27)
128.39
(115.82,
142.34)
102.91±2.35ab

14.98
(14.00, 16.03)
4.64
(3.92, 5.49)
135.49
(122.28,
150.13)
106.83±2.34a

14.47
(13.51, 15.49)
5.13
(4.34, 6.06)
127.79
(115.28,
141.66)
101.93±2.35b

ApoA1

143.12±2.16

141.21±2.15

143.73±2.15

143.09±2.15

0.54

ApoB/ApoA1 ratio

0.76±0.01a

0.73±0.01ab

0.75±0.01ab

0.72±0.01b

0.02

TC/HDL-C ratio

5.11±0.12a

4.91±0.12ab

5.08±0.12a

4.84±0.12b

0.01

TG/HDL-C ratio†

3.13
(2.73, 3.57)
4.94
(4.23, 5.77)
94.92±1.10ab

3.21
(2.81, 3.68)
4.93
(4.22, 5.76)
92.63±1.10a

3.28
(2.87, 3.75)
4.93
(4.22, 5.76)
96.24±1.10b

3.07
(2.68, 3.51)
5.04
(4.32, 5.89)
95.72±1.10b

1.15
(0.97, 1.37)
1.39
(0.97, 1.98)

1.13
(0.95, 1.34)
1.11
(0.78, 1.58)

1.17
(0.99, 1.39)
1.12
(0.79, 1.60)

1.19
(1.00, 1.41)
1.27
(0.89, 1.81)

HDL2

†

HDL3†
LDL-C, mg/dL

LDL3+4
IDL-C, mg/dL
VLDL-C†
TG rich remnant
(IDL+VLDL3)
VLDL3†
Lp(a)†
TGs,

mg/dL†

Insulin, mU/L†
Glucose, mg/dL
HOMA-IR†
hs-CRP, mg/L†
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0.11
0.11
0.61

0.27

0.54
0.35
0.45
0.01

0.61
0.98
<0.01
0.88
0.29

Data are least-squares means ± SEs; n=31. TC, total cholesterol; non-HDL-C, non-high-density lipoprotein
cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol ; VLDLC, very low-density lipoprotein cholesterol; Lp(a), lipoprotein(a); ApoB, apolipoprotein B; ApoA1,
Apolipoprotein A1; HOMA-IR, homeostasis model assessment-estimated insulin resistance; hs-CRP, high
sensitivity c-reactive protein
*Statistical significance assessed by PROC MIXED in SAS P < 0.05, †Geometric means (95% CIs) for
nonnormally distributed variables; Different superscripts denote significant differences between groups not
sharing the same superscript.

Changes from baseline to endpoint in lipids, lipoproteins, and
apolipoproteins
Percentage changes in lipids, lipoproteins, and apolipoproteins are shown in Figure 3-2.
TC, non-HDL, LDL-C, ApoB and ApoB:A1 were significantly decreased from the
baseline values after the ALD and CHOC+ALD (P < 0.05), but not after the AAD and
CHOC. Percentage changes in TC after the AAD, ALD, CHOC and CHOC+ALD were 2.29 ± 1.98%, -6.80 ± 1.99%, -0.88 ± 1.98% and -4.79 ± 1.99%, respectively. There was
a greater percentage reduction in TC after the ALD compared with the AAD (-6.80 ±
1.99% compared with -2.29 ± 1.98 %, P < 0.01). Percentage changes in non-HDL-C for
the AAD, ALD, CHOC and CHOC+ALD were -2.79 ± 2.32%, -8.26 ± 2.33%, -1.33 ±
2.32% and -6.74 ± 2.33%, respectively. The percentage reduction in non-HDL-C after
the ALD was greater than the AAD (-8.26 ± 2.33% compared with -2.79 ± 2.32 %, P <
0.01). For LDL-C, the percentage changes for the AAD, ALD, CHOC and CHOC+ALD
were -0.62 ± 2.64%, -7.69 ± 2.64%, -0.03 ± 2.64% and -6.08 ± 2.64%, respectively. The
percentage reduction was greater after the ALD and CHOC+ALD compared with the
AAD (-7.69 ± 2.64% and -6.08 ± 2.64% compared with -0.62 ± 2.64%, P < 0.01 and P =
0.04 respectively). The percentage changes in ApoB for the AAD, ALD, CHOC and
CHOC+ALD were -1.51 ± 2.12%, -5.89 ± 2.12%, -1.98 ± 2.11%, and -6.57 ± 2.11%,
respectively. There was a greater reduction in ApoB after the CHOC+ALD compared
with the AAD (-6.57 ± 2.11% compared with -1.51 ± 2.12%, P = 0.02). Consistently, the
percentage reduction in the APOB:A1 ratio was greater after the CHOC+ALD compared
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with the AAD (-6.21 ± 1.99% compared with -1.20 ± 2.00%, P = 0.04). There were no
differences in percentage changes in HDL-C, TG, TC:HDL, TG:HDL, VLDL-C, IDL-C,
and ApoA1 between treatments (P >0.05). For additional metabolic parameters, the
CHOC increased glucose and this percentage change was higher compared with the
ALD (2.58 ± 1.28 % compared with -1.20 ± 1.29 %, P < 0.01); however, there were no
treatment effects on percentage changes in insulin, HOMA-IR, and hs-CRP (P > 0.05)
(Data not shown).
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Figure 3-2. Percentage change in serum lipids, lipoproteins, and apolipoproteins in
response to 4 diets. Percentage change was calculated from the baseline value of each
diet period. The bars represent least-squares means for n=31. The error bars represent
SEMs. Statistical significance assessed using the PROC MIXED procedure in SAS;
Mean values with different lowercase letters are significantly different, P < 0.05. AAD,
Average American Diet; ALD, Almond Diet; CHOC, Chocolate Diet; CHOC+ALD,
Chocolate and Almond diet; TC, total cholesterol; non-HDL-C, non-high density
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; TG, triglycerides; TC:HDL, the ratio of total cholesterol to highdensity lipoprotein cholesterol; TG:HDL, the ratio of triglycerides to high-density
lipoprotein cholesterol; VLDL-C, very low density lipoprotein cholesterol; IDL-C,
intermediate density lipoprotein cholesterol; ApoB, apolipoprotein B; ApoA1,
apolipoprotein A1; ApoB:A1, the ratio of apolipoprotein B to apolipoprotein A1.
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Changes in LDL subclasses from baseline are shown in Figure 3-3. The ALD
significantly decreased large, buoyant LDL particles (LDL1+2) from baseline and this
reduction was greater than the AAD (-5.72 ± 2.27 mg/dL compared with -0.32 ± 2.27
mg/dL, P = 0.04). For the change in small, dense LDL particles (LDL3+4), there was a
greater reduction in small, dense LDL after the CHOC+ALD compared with the AAD (11.95 ± 2.81 mg/dL compared with -5.31 ± 2.80 mg/dL, P = 0.04). Furthermore, Figure
3-4 and Figure 3-5 show that there were no treatment effects for changes in HDL2,

Change from baseline (mg/dL)

HDL3, VLDL3, and TG rich remnant (IDL-C+VLDL3) (P > 0.05).
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Figure 3-3. Change from baseline in LDL-C subclasses in response to 4 diets. The bars
represent least-squares means for n=31. The error bars represent SEMs. Statistical
significance assessed using the PROC MIXED procedure in SAS; Mean values with
different lowercase letters are significantly different, P < 0.05. AAD, Average American
Diet; ALD, Almond Diet; CHOC, Chocolate Diet; CHOC+ALD, Chocolate and Almond
diet; LDL1+2, large, buoyant low-density lipoprotein cholesterol; LDL3+4, small, dense lowdensity lipoprotein cholesterol.
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Figure 3-4. Change from baseline in HDL-C subclasses in response to 4 diets. The bars
represent least-squares means for n=31. The error bars represent SEMs. Statistical
significance assessed using the PROC MIXED procedure in SAS; No treatment effects
on HDL-C subclasses, P > 0.05. AAD, Average American Diet; ALD, Almond Diet;
CHOC, Chocolate Diet; CHOC+ALD, Chocolate and Almond diet; HDL2, large, highdensity lipoprotein cholesterol particle; HDL3, small, high-density lipoprotein cholesterol
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Figure 3-5. Change from baseline in IDL, VLDL, VLDL3 and triglyceride rich remnant
(IDL+VLDL3) in response to 4 diets. The bars represent least-squares means for n=31.
The error bars represent SEMs. Statistical significance assessed using the PROC
MIXED procedure in SAS; No treatment effects were seen in change in IDL, VLDL,
VLDL3 and triglyceride rich remnant, P > 0.05. AAD, Average American Diet; ALD,
Almond Diet; CHOC, Chocolate Diet; CHOC+ALD, Chocolate and Almond diet; IDL-C,
intermediate-density lipoprotein cholesterol; VLDL-C, very low-density lipoprotein
cholesterol; IDL+VLDL3, triglyceride rich remnant.

Vascular parameters
Systolic blood pressure significantly decreased from baseline after the AAD (3.52 ± 1.03%) and ALD (-5.37 ± 1.04%) but not after the CHOC (-1.58 ± 1.03%) and
CHOC+ALD (-1.67 ± 1.03%); there was a greater reduction in percentage change in
SBP for the ALD compared with the CHOC (P = 0.03) and the CHOC+ALD (P = 0.04).
Similarly, DBP significantly decreased from baseline after the AAD (-2.87 ± 1.21%, P =
0.02) and ALD (-3.83 ± 1.21%, P < 0.01), however, there were no treatment differences
in percentage change in DBP (P > 0.05). The plasma nitric oxide concentration did not
differ by treatment (P > 0.05). The BAD before cuff occlusion (baseline BAD) and at the
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peak dilation following cuff release (peak BAD) after the CHOC were significantly
increased from baseline (P < 0.05) and were larger than those after the ALD (both P <
0.01). Therefore, FMDs (percentage change from baseline BAD) were not different
between CHOC and ALD. There were no treatment effects on baseline, peak flow
volume, and reactive hyperemia (percentage change from baseline flow volume) (Table
3-6).

Table 3-6. Effects of treatments on measures of vascular activity
P
Value

AAD

ALD

CHOC

CHOC+ALD

115.5
(113.0, 118.0)
79.2±1.0

113.3
(110.9, 115.8)
78.4±1.0

117.3
(114.8, 119.9)
79.8±1.0

117.5
(115.0, 120.1)
80.1±1.0

Plasma nitric
oxide†, µmol/L
Baseline BAD,
mm

27.75
(23.67, 32.52)

34.16
(29.13, 40.05)

29.19
(24.90, 34.21)

30.85
(26.31, 36.17)

0.08

4.46±0.04ab

4.37±0.04a

4.53±0.04b

4.47±0.04ab

0.01

Peak BAD, mm

4.63±0.09ab

4.53±0.09a

4.69±0.09b

4.64±0.09ab

<0.01

5.92±0.42

5.57±0.41

5.75±0.41

5.81±0.42

0.90

Baseline flow
volume, ml/min

193.59±15.53

175.50±15.11

192.16±15.11

197.36±15.34

0.58

Peak flow
volume, ml/min

1008.81±46.33

1033.92±45.18

1019.92±45.19

1035.81±45.88

0.94

SBP†, mmHg
DBP, mmHg

FMD, %

0.06
0.49

Reactive
443.41
510.05
456.96
446.48
hyperemia† (%
0.47
(374.35, 525.21) (434.33, 599.02)
(387.96, 538.24)
(379.29, 525.58)
change)
Data are mean±SEM, n=31. SBP, systolic blood pressure; DBP, diastolic blood pressure; AAD, Average
American Diet; ALD, Almond Diet; CHOC, Chocolate Diet; CHOC+ALD, Chocolate and Almond diet; BAD,
brachial artery diameter. Statistical significance assessed by PROC MIXED in SAS P < 0.05; Different
superscripts denote significant differences between groups not sharing the same superscript. †Geometric
means (95% CIs) for nonnormally distributed variables; Different superscripts denote significant differences
between groups not sharing the same superscript.
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Oxidative stress parameters
Oxidative stress was evaluated the lag time of LDL oxidation and urinary 8isoprostanes. There were no treatment effects on LDL oxidation and urinary 8isoprostanes. Furthermore, plasma total flavonoids and phenolic acids and plasma αtocopherol did not differ by treatment diet (P > 0.05; Table 3-7).

Table 3-7. Effects of treatment on markers of oxidative stress
AAD

ALD

CHOC

CHOC+ALD

P
Value

Oxidized LDL, lag time,
min

87.30±3.23

89.66±3.24

90.78±3.23

89.53±3.23

0.76

Urinary 8- isoprostanes†,
ng/mmol creatinine
α-Tocopherol, µmol/L

0.20
(0.13, 0.30)
30.28±0.71

0.18
(0.12, 0.27)
31.64±0.71

0.25
(0.16, 0.37)
30.49±0.71

0.15
(0.10, 0.22)
30.67±0.71

595.67±15.17

608.60±15.44

615.49±15.18

613.68±15.33

0.59

165.37
(156.35,
174.90)

172.05
(162.39,
182.27)

169.03
(159.83,
178.77)

166.09
(156.88,
175.83)

0.59

Total flavonoids and
phenolic acids, ng/ml
Catechin†, ng/ml

0.11
0.17

Data are mean ± standard error, n=31. oxLDL, oxidized low-density lipoprotein; Statistical significance
assessed by PROC MIXED in SAS P < 0.05; AAD, Average American Diet; ALD, Almond Diet; CHOC,
Chocolate Diet; CHOC+ALD, Chocolate and Almond diet; Different superscripts denote significant
differences between groups not sharing the same superscript. †Geometric means (95% CIs) for nonnormally
distributed variables; Different superscripts denote significant differences between groups not sharing the
same superscript.
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Framingham 10-year CHD risk score
The percentage changes in Framingham 10-year CHD risk score for the AAD,
ALD, CHOC, and CHOC+ALD were -7.73 ± 4.37, -16.98 ± 4.37, -2.66 ± 4.37, and -10.77
± 4.37, respectively (Figure 3-7); The percentage reductions for the ALD and
CHOC+ALD were significantly different from the baseline risk score (P < 0.01, P = 0.02,
respectively). There was a greater reduction in percentage change in Framingham 10year CHD score for the ALD compared with the CHOC (-16.98 ± 4.37 compared with 2.66 ± 4.37 %, P < 0.01). None of the other paired comparisons were statistically
significant (all P > 0.05).
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Figure 3-6. Comparison of percentage changes in Framingham 10-year coronary heart
disease risk scores after 4 treatment diets. The bars represent least-squares means for
n=31. The error bars represent SEMs. Statistical significance assessed using the PROC
MIXED procedure in SAS. AAD, Average American Diet; ALD, Almond Diet; CHOC,
Chocolate Diet; CHOC+ALD, Chocolate and Almond diet; Different superscripts denote
significant differences between groups not sharing the same superscript, P < 0.05
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Discussion
To our knowledge, this is the first study to evaluate the individual and combined
effects of dark chocolate/cocoa and almonds on lipids, lipoproteins, vascular health, and
oxidative stress in overweight and obese adults with elevated LDL-C. The present study
demonstrates that the ALD and CHOC+ALD improved TC, non-HDL-C, and LDL-C
profiles. Furthermore, the CHOC did not change the level of LDL-C. This neutral effect of
cocoa and dark chocolate on LDL-C is consistently shown in the recent meta-analysis of
19 randomized controlled trials in which chocolate or cocoa consumption did not change
the LDL-C concentration [156]. In addition, the CHOC+ALD resulted in significant
reductions in Apo B concentration and ApoB/A1 ratio compared with the AAD. Notably,
there were different treatment effects on LDL-C subclasses; the ALD decreased large,
buoyant LDL particles (LDL1+2) whereas the CHOC+ALD decreased small, dense LDL
particles (LDL3+4). Despite the significant treatment effects on the lipid, lipoprotein, and
apolipoprotein profiles, the study outcomes were not influenced by treatment diet.
The lipid lowering effects of almonds were reported in previous randomized
controlled trials in which diverse populations (healthy [121], diabetic [12, 122], or
hyperlipidemic participants [6, 7, 11, 119, 128], doses (25-100 g/day) and study
durations (4-16 weeks) were studied. The mechanisms by which almonds may affect
lipids and lipoproteins have not been fully understood, despite some plausible
hypotheses. The presence of phytosterols may have lipid-lowering effects by competing
with cholesterol during the micelle formation, which in turn decreases cholesterol
absorption in the blood stream [28]. A meta-analysis of 84 trials showed that 2.15 g of
phytosterols reduced LDL-C by 8.8% [123]. However, the amount of phytosterols (84.6
mg) provided by 1.5 oz of almonds is negligible and may not substantially affect the LDLC reduction. Almonds are low in SFA and high in unsaturated fatty acids; 91-94 % of
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total lipids are comprised of oleic acid and linoleic acid. This fatty acid profile likely
contributed to the LDL-C reduction [129].
Both the ALD and CHOC+ALD decreased LDL-C; however, there were different
treatment effects on LDL subclasses. The ALD decreased large, buoyant LDL particles
whereas the CHOC+ALD decreased small, dense LDL particles. These findings may be
of clinical significance because the CHOC+ALD was shown to influence both quantity
and quality of LDL-C. Small, dense LDL particles are recognized as a risk factor for CVD
due to the following mechanisms including the increased trans-endothelium filtration,
susceptibility to oxidation, reduced affinity for the LDL receptor, and prolonged
circulation [157]. Several epidemiologic studies have reported that an increased risk for
CHD was correlated with small, dense LDL particles [158-160]. A clinical intervention
trial by Toth et al.[161] showed a significant decrease in small, dense LDL particles after
daily supplementation of 150 mg of Bergamot derived flavonoids for 6 months. In our
study, the CHOC+ALD provided additional 273.8 mg of flavonoids from almonds and
dark chocolate/cocoa, which may have decreased the small, dense LDL particles.
Despite very small quantities of flavonoids in almonds, they are a source of minerals,
fiber, phytosterols, and plant protein. The bioactives in almonds may account for the
reduction in small, dense LDL particles. Future studies are warranted to elucidate the
mechanisms by which dark chocolate/cocoa and almonds decrease small, dense LDL
particles.
The ApoB/A1 ratio is a strong predictor of CHD risk. Epidemiologic studies [162,
163] have shown that high ApoB and a high ApoB/A1 ratio are strongly correlated to
increased CHD risk and ApoB/A1 ratio was a better index in predicting the CHD risk than
any of the cholesterol ratios, such as LDL/HDL, TC/HDL, or non-HDL-C/HDL-C ratio. In
the current study, the CHOC+ALD significantly decreased ApoB and ApoB/A1 ratio while
preserving the ApoA1 concentration. Compared with the ALD, the reduction in ApoB was
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slightly greater after the CHOC+ALD, but it was not statistically significant (-5.89 ± 2.12
compared with -6.57 ± 2.11 %, P > 0.05). This finding shows that almonds may mostly
affect the reduction in ApoB, however, adding dark chocolate/cocoa to almonds may
contribute to the further reduction of ApoB. Yasuda et al. [164] reported that cacao
polyphenol decreased ApoB level through increased sterol regulatory element binding
proteins and LDL receptor activity.
The glycemic control parameters including insulin, glucose, and HOMA-IR did not
change after any of the treatment periods compared with the AAD, though the glucose
concentration was higher after the CHOC and CHOC+ALD compared with the ALD. The
sugar content in the CHOC and CHOC+ALD was higher than the ALD, which may result
in higher glucose level after the CHOC and CHOC+ALD compared with the ALD.
Nonetheless, no adverse effects were observed in insulin and HOMA-IR. Previous
studies have shown that the consumption of dark chocolate or cocoa improved glycemic
control parameters by decreasing HOMA-IR [18] and increasing insulin sensitivity [69].
This discrepancy may arise from different test methods used between studies. In our
study, fasting glucose and insulin were measured after each treatment period whereas
aforementioned studies used an oral glucose tolerance test that showed a greater
sensitivity than HbA1c and glucose, and a better predictor of all-cause mortality and
cardiovascular mortality or morbidity than fasting blood glucose [84, 85]. Furthermore,
participants in the current study had a normal glucose level at baseline whereas studies
with positive findings included participants with prediabetes [12] or type 2 diabetes [122],
which may account for discrepancies between studies.
Numerous randomized controlled trials have shown that the consumption of dark
chocolate or cocoa has favorable effects on blood pressure [69, 79] and endothelial
function measured by FMD [4, 18]. A meta-analysis by Hooper et al. [83] showed that
the chronic consumption of dark chocolate/cocoa improved FMD% by 1.34% (95% CI:
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1.00, 1.68) and reduced diastolic blood pressure by 1.60 mmHg (95% CI: -2.77, -0.43).
These reports are inconsistent with our findings that there were no treatment effects on
blood pressure and measures of vascular function. This discrepancy may be due to our
study participants who were normotensive, whereas, the studies with positive findings
included subjects with prehypertensive [79] or stage 1 hypertension [17]. A Cochrane
review [89] also showed that there was a significant blood pressure lowering effects of 2.8 mmHg for systolic blood pressure and -2.2 mmHg for diastolic blood pressure,
however, subgroup analyses revealed that the blood pressure reducing effects were not
present in the normotensive group (-2.04 mmHg with 95% CI: -4.64, 0.57). Second, the
dose of flavanols in the study may not be enough to induce change in vascular
parameters. Compared with the mean dose of flavanols of 11 studies in a meta-analysis
[165], a lower dose of flavanols was used in the present study (273.8 mg compared with
586.2 mg).
FMD% remained unchanged during the study period, however, both baseline and
peak brachial artery diameter were significantly increased from baseline. Similar findings
were observed in a study [82] in which participants received a sugar-free cocoa
beverage (22 g/d) and dark chocolate (37 g/d) for 4 weeks. The mechanism for this
sustained vasodilation after the CHOC has not been fully understood, therefore, further
studies are needed to explore this possible mechanism.
Oxidized LDL and urinary isoprostanes are known as biomarkers of oxidative
stress. We did not observe any treatment effects on these markers. This finding conflicts
with the results from previous studies. Wan et al. [80] reported that the consumption of
dark chocolate and cocoa powder for 4 weeks increased LDL oxidation lag time 8%
greater than the control diet (P=0.01). Similarly, Jenkins et al. [145] showed that almond
supplementation for 1 month reduced the level of urinary isoprostanes (P < 0.03).
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Differences in treatment doses and study population may explain the discrepancies
between studies.
Furthermore, despite the high compliance rate, the concentrations of plasma αtocopherol, flavonoids and phenolic acids did not change after any of the treatments.
The results were not consistent with the results from previous studies in which the level
of plasma α-tocopherol was increased after the consumption of almonds [109, 111]. The
baseline plasma α-tocopherol concentration in our population was between 50th and 90th
percentiles according to NHANES 2005-2006. Given that our subjects were not deficient
in α-tocopherol, potential ceiling effects may occur in the current study. Rein et al. [166]
reported that the peak plasma flavanol concentration reached 2 hours after the
consumption of chocolate and returned to the baseline value by 6 hour after ingestion. In
the present study, the blood samples were collected after a 12-hour fast, which may
account for the unchanged flavonoids concentrations after the CHOC and CHOC+ALD.
The reductions in Framingham 10-year CHD risk score from baseline after the
ALD and CHOC+ALD were mainly attributable to a decrease in TC and a decrease in
SBP after the ALD, however, the reduction in the risk score was not greater than the
AAD because of an unexpected decrease in SBP after the AAD. Furthermore, the ALD
had a greater decrease in the risk score than the CHOC because CHOC did not
beneficially affect any of the risk factors.
Based on the Framingham 10-year CHD risk scores, the estimated of 10-year
risks for CHD after AAD, ALD, CHOC and CHOC+ALD were 2.9%, 2.3%, 2.6%, and
2.2 % respectively. Even though our population started the study with a relative low risk
of CHD (3.4%), there were still beneficial effects after the ALD and CHOC+ALD by
decreasing a 10-year CHD risk by 1.1% and 1.2%, respectively.
There were several limitations in the present study. First, the dropout rate was
35%. However, baseline characteristics between the participants who completed the
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study and those who withdrew were similar. Second, the current study was not powered
to detect to differences between treatment groups for measures of oxidative stress,
which may explain the lack of treatment differences in these outcomes. Although
endothelial function was not our primary outcome, based on data from a previous study
[167], our crossover design with 31 participants, we were powered to detect a 20-25%
change in FMD (power: 0.80, P<0.05, mean fasting FMD ± SD: 5.18 ± 2.12%). Another
limitation is the inability to maintain baseline weights of the participants during the study
period. The participants lost 1.4 kg after the first phase of diet. Incorporating a run in
period may prevent this issue in the future studies. Furthermore, there was a reduction in
blood pressure after the AAD. It is possible that food in the AAD was better than the prestudy diet of the participants. Data collection of pre-study diets of participants would help
researchers to understand the metabolic changes from baseline. The strengths of this
study include the comprehensive measures of CVD risk factors, a high rate of participant
adherence, and the controlled feeding and crossover study design.
In conclusion, consumption of the dark chocolate/cocoa and almonds for 4 weeks
had favorable effects on lipid, lipoprotein, and apolipoprotein profiles, however, it did not
affect markers of vascular health and oxidative stress. Consumption of almonds
improved lipid and lipoprotein profiles, whereas dark chocolate/cocoa consumption did
not beneficially affect any of the study outcomes. Furthermore, the combined
consumption of dark chocolate/cocoa and almonds resulted in a significant reduction in
small, dense LDL particles. Our findings indicate that the consumption of almonds or
combined with dark chocolate/ cocoa may improve lipid/lipoprotein profiles, which in turn
would be expected to decrease CHD risk.
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Chapter 4 Baseline serum C-reactive protein is associated with
metabolic changes in response to almonds and/or dark
chocolate supplemented diets: exploratory analyses of the
CHOCOLATE AND ALMOND study.

Abstract
BACKGROUND: Chronic inflammation is involved in the development of
atherosclerosis. C-reactive protein (CRP) is a biomarker of inflammation and has been
shown as a strong predictor of future cardiovascular events. Previous diet intervention
studies suggested that baseline CRP levels may predict diet-induced metabolic
changes.
OBJECTIVE: We hypothesized that individuals with low baseline CRP would have
favorable metabolic changes to a greater extent compared with those with high baseline
CRP.
DESIGN: A randomized, 4 period, crossover, controlled feeding study was conducted
with 31 overweight and obese individuals with elevated low-density lipoprotein
cholesterol. Participants received four isocaloric, weight maintaining diets in a
randomized order: 1) Average American Diet (AAD: 34% energy from fat, with no
almonds or dark chocolate/cocoa), 2) Almond Diet (ALD: 36% energy from fat with 42.5
g of almonds/d), 3) Chocolate Diet (CHOC: 33% energy from fat with 43 of dark
chocolate and 18 g of natural cocoa/d), 4) Chocolate and Almond Diet (CHOC+ALD:
35% energy from fat with both foods). CRP, lipids, lipoproteins, apolipoproteins, flowmediated dilation, blood pressure, and oxidative stress parameters were measured at
baseline and endpoint visits. Participants were divided into low and high inflammatory
groups, using median CRP value at baseline (1.2 mg/L).
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RESULTS: There was no treatment effect on CRP. There were significant interaction
effects between treatment and baseline CRP status for apolipoprotein B (ApoB) (P =
0.04), diastolic blood pressure (P < 0.01), and low-density lipoprotein (LDL) oxidation (P
= 0.03). The level of ApoB was significantly decreased from baseline after the AAD,
ALD, and CHOC+ALD in individuals in the low inflammatory group; however, there were
no changes in ApoB in those in the high inflammatory group. The reductions in diastolic
blood pressure were seen after the AAD (P = 0.01), ALD (P < 0.001), and CHOC (P <
0.001) in those with a low CRP, but not in those with a high CRP (P > 0.05).
Furthermore, the lag time of LDL oxidation tended to increase after the CHOC+ALD (P =
0.08) in individuals in the low CRP group whereas there were no changes in the LDL
oxidation in those in the high CRP group.
CONCLUSIONS: Our findings suggest that CRP modulated diet-induced metabolic
changes; individuals with a low baseline CRP improved lipids, vascular health, and
oxidative stress in response to the diets, whereas these effects were not seen in those
with a high baseline CRP. Baseline inflammatory status should be taken into account in
future diet intervention studies.
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Introduction
Inflammation is a significant contributor in the development of atherosclerosis
[168]. CRP is an acute phase protein and synthesized in the liver in response to proinflammatory cytokines. Prospective studies have shown that CRP is an independent
predictor of future coronary heart disease (CHD) events [169, 170]. Higher CRP levels
were significantly associated with an increased risk of CHD [171]. Experimental studies
have shown that CRP plays a role in the development of atherosclerosis, since it
decreases the expression of nitric oxide synthase and prostacyclin synthase [172]. This
may result in vasoconstriction, which in turn causes endothelial dysfunction. Moreover,
CRP also binds to LDL-C and promotes the uptake of oxidized LDL by macrophages
[173]. According to the Center Disease Control and Prevention and the American Heart
Association recommendations for CRP testing, CRP levels of <1, 1-3, and >3 mg/L
correspond to low-, moderate-, and high risk groups for future cardiovascular events
[174].
Previous diet intervention studies suggested that metabolic responses to the
dietary interventions may be modulated by CRP and baseline CRP level may predict the
diet-induced metabolic changes [141, 142, 175]. In a study by Erlinger et al.[142],
baseline CRP was associated with lipid response to the Dietary Approaches to Stop
Hypertension (DASH) diet (27% total fat, 6% saturated fat); the levels of total cholesterol
(TC) and LDL-C were decreased to a greater extent in individuals with low baseline CRP
levels compared with those with high baseline CRP. Moreover, the concentration of
triglycerides (TGs) was increased in those with high baseline CRP levels but not in those
with low baseline CRP levels. Another intervention trial [175] examined the effects of
therapeutic lifestyle change incorporating diet (low fat, Mediterranean style), exercise
training, and risk factor modification in patients with coronary artery disease on the basis
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of baseline median values of CRP. Results showed that systolic, diastolic, and mean
arterial blood pressure improved in patients with low baseline CRP concentrations, but
did not change in those with high baseline CRP concentrations.
In the present study, a randomized, 4-period crossover controlled feeding trial
was conducted in overweight and obese individuals with elevated LDL-C. The primary
results from the study showed that consuming almonds alone or combined with dark
chocolate/cocoa for 4 weeks significantly improved lipid and lipoprotein profiles by
decreasing TC, LDL and apoB while preserving high-density lipoprotein cholesterol
(HDL-C) and TG. However, significant treatment effects were not observed in the
measures of vascular health and oxidative stress. As noted, inflammation modulated
metabolic changes in response to treatment diets. The present study, an exploratory
analysis of the trial, investigated whether baseline inflammatory status predicts the dietinduced metabolic changes. We hypothesized that individuals in the low inflammatory
group at baseline may favorably respond to treatment diets by improving lipid profiles,
vascular health, and oxidative stress, however, these favorable responses may be
attenuated in individuals with high inflammatory status at baseline.
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Methods
Study design and intervention
This study was a randomized, 4-period, crossover, controlled-feeding trial.
Eligible participants were randomly assigned to receive one of four diets for 4 weeks.
After a 2-week washout period/break, participants were crossed over to a different test
diet. At the end of the study, participants had received all four diets. The details of
participants and diets were previously described in Chapter 3. Briefly, the four test diets
were 1) Average American Diet (AAD: 49% CHO, 17% PRO, 34% FAT, 13% SFA with
no almonds or dark chocolate/cocoa), 2) Almond Diet (ALD: 48% CHO, 16% PRO, 36%
FAT, 8% SFA with 42.5 g of almonds/d), 3) Chocolate Diet (CHOC: 51% CHO, 16%
PRO, 33% FAT, 12% SFA with 43 g dark chocolate/d and 18 g natural cocoa/d), and 4)
Chocolate and Almond Diet (CHOC + ALD: 49% CHO, 16% PRO, 35% FAT, 9% SFA
with 43 g dark chocolate/d, 18 g natural cocoa/d and 42.5 g of almonds/d).

Blood sample collection
At baseline and at the end of each diet period, participants visited the Clinical
Research Center (CRC) on two consecutive days for the following measurements:
weight, waist circumference, blood pressure, and vascular endothelial function. In
addition, fasting blood samples were collected by staff nurses. Participants were given a
24-hour urine collection kit on the first day of the visit and returned the urine samples on
the second day of the visit. Blood samples were collected by venipuncture on two
consecutive days at baseline and at the end of each treatment period. Participants
fasted for 12 hours, and were asked not to consume alcohol and any vitamin/mineral
supplements or medications for 48 hours and 24 hours prior to the visits, respectively.
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Blood was drawn into EDTA-containing tubes, centrifuged at 4°C for 15 minutes, and
stored at -80°C until the analyses were conducted.

Assays
Serum lipids, lipoproteins, apolipoproteins, glucose, insulin, and CRP were
analyzed using the methods described in Chapter 3.

Endothelial function
Flow mediated dilation (FMD) was used to measure endothelial function. The
detailed methods and calculations of FMD and reactive hyperemia were described in
Chapter 3.

Measures of oxidative stress
Oxidized LDL and urinary F2α-Isoprostanes were measured to assess oxidative
stress. The results of the oxidized LDL were expressed as lag time of LDL oxidation
(min).

Statistical analyses
Statistical analyses were performed using SAS (version 9.3; SAS Institute, Cary,
NC). Only participants (n=31) who completed the entire study were included in the final
analyses. Normality for each variable was assessed using the univariate procedure
(PROC UNIVARIATE) to check skewness. For baseline characteristics of the
participants, values are presented as mean ± SDs for normally distributed variables and
values were presented as median and interquartile range for skewed variables.
Participants were divided into high and low inflammatory group using median of baseline
values of CRP (high inflammatory group: CRP ≥1.2 mg/L, low inflammatory group: CRP
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< 1.2 mg/L). To compare baseline characteristics by baseline levels of CRP, Wilcoxon
rank-sum test was used for TG, insulin, CRP, and systolic blood pressure and Student’s
t test was used for the normally distributed variables.
Differences between treatment groups were assessed by analysis of variance
using mixed procedure (PROC MIXED) for repeated measurements with adjustment for
BMI, age, and baseline value. Treatment, visit, baseline CRP and sex were considered
as fixed effects, and interactions between treatment and visit (carryover effect) and
between treatment and baseline CRP were included in the model. Tukey-adjusted P
values were used for post hoc comparisons between groups. The adjusted P <0.05 and
P < 0.10 were considered significant and a trend, respectively. HDL-C, VLDL-C, Lp(a),
TG, Insulin, HOMA-IR, and hs-CRP were log-transformed and values were presented as
geometric means (95% CIs) and mean ± SEMs for the normally distributed variables.
Change scores were calculated by subtracting baseline values from values after each
treatment.
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Results
Baseline characteristics between inflammatory groups
As previously reported, 48 individuals were enrolled in the study and 31
individuals completed all four treatment periods. The baseline characteristics of 31
participants were divided by baseline levels of CRP; 15 individuals were in the low
inflammatory group and 16 individuals were in the high inflammatory group (Table 4-1).
The high inflammatory group had higher levels of BMI, waist circumference, and CRP
compared with the low inflammatory group, but otherwise no differences were seen
between groups (P > 0.05).
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Table 4-1. Baseline characteristics of participants by inflammatory group1
Inflammatory groups
Variables

CRP <1.2

CRP ≥ 1.2

(n=15)

(n=16)

Pvalue

N (female, male)

15 (6,9)

16 (7,9)

Age, years

44.73 ± 9.62

47.81 ± 10.65

0.41

BMI, kg/m2

28.53 ± 2.91

30.51 ± 2.42

0.05

Waist circumference, cm

96.43 ± 7.50

103.5 ± 6.29

0.01

TC

198.7 ± 28.18

220.6 ± 41.80

0.10

Non-HDL-C

157.3 ± 25.22

178.3 ± 40.45

0.10

HDL-C

41.43 ± 8.69

42.39 ± 13.01

0.81

LDL-C

129.5 ± 26.63

146.6 ± 34.30

0.13

TGs†

132.25 (97.0-168.0)

134.63 (102.5176.75)

0.78

ApoB

104.2 ± 16.10

117.4 ± 28.47

0.12

ApoA1

144.6 ± 17.76

147.1 ± 22.99

0.74

Glucose,mg/dL

93.47 ± 6.62

94.31 ± 9.52

0.78

Insulin, µU/mL†

5.50 (3.0-9.0)

6.80 (4.50-11.15)

0.27

HOMA-IR

1.39 ± 0.77

2.05 ±1.67

0.17

hs-CRP, mg/L†

0.70 (0.3-1.0)

3.25 (1.60-6.65)

<.001

Systolic†

115.0 (112.0-129.0)

114.5 (110.0-127.5)

0.97

Diastolic

84.27 ± 7.32

79.88 ± 9.51

0.16

Lipids and lipoproteins, mg/dL

Apolipoproteins, mg/dL

Blood pressure, mmHg

are means ± SDs and the TTEST procedure was used in SAS; †Values are median (25-75th
quartiles) and NPAR1WAY procedure was used in SAS. BMI, body mass index; TC, total cholesterol; nonHDL-C, non-high density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, lowdensity lipoprotein cholesterol; TGs, triglycerides; ApoB, apolipoprotein B; ApoA1, apolipoprotein A1;
HOMA-IR, homeostasis model assessment-estimated insulin resistance; hs-CRP, high sensitivity C-reactive
protein.
1Values
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Effects of the treatments on metabolic parameters by inflammatory group
The effects of diets on metabolic parameters by inflammatory group were
presented in Table 4-2. There was a significant interaction effect between treatment and
inflammatory group in ApoB (P=0.04). In the low inflammatory group, the level of ApoB
was significantly decreased from baseline after the AAD (-9.16 ± 3.79 mg/dL, P=0.02),
ALD (-12.15 ± 3.83 mg/dL, P<0.01), and CHOC+ALD (-11.05 ± 3.80 mg/dL, P<0.01)
(Figure 4-1), whereas, in the high inflammatory group, there were no treatment effects in
change in ApoB from baseline. The between treatment effect was only observed in the
high inflammatory group; the reduction in ApoB was greater after the CHOC+ALD
compared with those after the AAD (-6.81 ± 3.57 compared with 2.23 ± 3.61 mg/dL, P =
0.03). Furthermore, there were no significant interactions between treatment and
inflammatory group in other metabolic parameters (P >0.05).
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Table 4-2. Effects of treatments on metabolic parameters by baseline inflammatory
status

TC, mg/dL

Non-HDLC, mg/dL

HDL-C†,
mg/dL

LDL-C,
mg/dL

IDL-C,
mg/d†L

Low
CRP
High
CRP
Low
CRP
High
CRP
Low
CRP
High
CRP
Low
CRP
High
CRP
Low
CRP
High
CRP
Low
CRP

VLDL-C†
High
CRP

Lp(a)†

TGs,
mg/dL†

ApoB

ApoA1
Insulin,
mU/L†

Low
CRP
High
CRP
Low
CRP
High
CRP
Low
CRP
High
CRP
Low
CRP
High
CRP
Low
CRP

AAD

ALD

CHOC

CHOC+ALD

198.32±5.90

191.64±5.96

206.88±5.88

196.13±5.92

210.33±5.60

198.65±5.57

208.29±5.59

202.67±5.57

156.25±5.72

149.51±5.78

165.03±5.71

152.78±5.75

168.74±5.44

157.91±5.42

165.00±5.43

159.80±5.41

41.69
(39.24,
44.30)
39.73
(37.54,
42.05)

41.88
(39.39,
44.52)
36.07
(36.93,
41.34)

41.50
(39.06,
44.08)
41.17
(38.90,
43.56)

43.32
(40.76,
46.03)
40.56
(38.34,
42.91)

131.02±4.61

121.92±4.65

136.21±4.60

124.00±4.62

139.80±4.35

130.38±4.33

135.94±4.34

133.20±4.33

15.98
(13.75,
18.56)
16.10
(14.01,
18.51)
24.32
(20.95,
28.24)
30.85
(26.87,
35.43)
5.08
(3.85, 6.71)
4.63
(3.58, 5.98)
112.36
(95.34,
132.41)
143.78
(123.22,
167.75)

14.56
(12.51,
16.94)
16.09
(14.01,
18.48)
24.50
(21.06,
28.50)
29.74
(25.92,
34.12)
5.72
(4.33, 7.57)
4.93
(3.81, 6.38)
119.61
(101.30,
141.20)
133.67
(114.67,
155.82)

16.31
(14.05,
18.94)
15.34
(13.37,
17.65)
26.55
(22.88,
30.83)
29.12
(25.37,
33.42)
4.60
(3.50, 6.07)
4.71
(3.64, 6.10)
126.03
(106.98,
148.46)
144.59
(123.99,
168.63)

15.42
(13.26,
17.92)
15.10
(13.15,
17.34)
24.80
(21.34,
28.82)
27.24
(23.74,
31.25)
5.32
(4.03, 7.03)
5.02
(3.89, 6.47)
125.05
(106.04,
147.47)
130.69
(112.12,
152.32)

101.56±3.79

98.57±3.83

107.01±3.78

99.67±3.80

112.95±3.61
a

106.78±3.57

106.65±3.58

103.91±3.57
b

140.36±3.55

139.36±3.59

142.36±3.54

145.31±3.56

145.71±3.35

142.85±3.31

144.97±3.32

141.03±3.31

5.42
(4.20, 6.99)

5.42
(4.19, 7.00)

5.61
(4.36, 7.24)

5.78
(4.48, 7.47)
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Treat

CRP

Treat
*CRP

<0.01

0.41

0.18

<0.01

0.38

0.24

0.18

0.21

0.44

<0.01

0.28

0.34

0.64

0.94

0.52

0.39

0.11

0.34

0.30

0.69

0.80

0.41

0.21

0.28

<0.01

0.27

0.04

0.50

0.70

0.13

0.88

0.21

0.93

High
4.46
4.59
4.31
4.59
CRP
(3.51, 5.67)
(3.61, 5.82)
(3.40, 5.47)
(3.61, 5.82)
Low
96.32±1.73
93.69±1.75
97.90±1.73
99.74±1.74
CRP
Glucose,
<0.01
0.10
0.06
mg/dL
High
93.68±1.63
91.75±1.62
94.76±1.62
92.12±1.62
CRP
Low
1.29
1.25
1.35
1.42
CRP
(0.97, 1.70)
(0.94, 1.66)
(1.03, 1.79)
(1.08, 1.88)
†
HOMA-IR
0.78
0.18
0.85
High
1.03
1.04
1.01
1.04
CRP
(0.79, 1.34)
(0.80, 1.35)
(0.78, 1.31)
(0.80, 1.35)
Low
0.99
0.73
0.92
0.84
CRP
(0.55, 1.79)
(0.40, 1.33)
(0.51, 1.67)
(0.46, 1.52)
hs-CRP,
0.18
0.13
0.55
mg/L†
High
1.99
1.59
1.39
1.88
CRP
(1.11, 3.56)
(0.89, 2.84)
(0.78, 2.49)
(1.06, 3.36)
Data are least-squares means ± SEs; n=31. TC, total cholesterol; non-HDL-C, non-high-density lipoprotein
cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol ; IDL-C,
intermediate-density lipoprotein cholesterol; VLDL-C, very low-density lipoprotein cholesterol; Lp(a),
lipoprotein(a); ApoB, apolipoprotein B; ApoA1, Apolipoprotein A1; HOMA-IR, homeostasis model
assessment-estimated insulin resistance; hs-CRP, high sensitivity c-reactive protein
*Statistical significance assessed by PROC MIXED in SAS P < 0.05, †Geometric means (95% CIs) for nonnormally distributed variables; Different superscripts denote significant differences between groups not
sharing the same superscript.
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Figure 4-1. Change from baseline in ApoB by inflammatory group in response to 4 diets.
The bars represent least-squares means for n=31. The error bars represent SEMs.
Statistical significance assessed using the PROC MIXED procedure in SAS;
*significantly different from baseline. AAD, Average American Diet; ALD, Almond Diet;
CHOC, Chocolate Diet; CHOC+ALD, Chocolate and Almond Diet.
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Effects of the treatments on vascular parameters by inflammatory group
The effects of diets on vascular parameters by inflammatory group are presented
in Table 4-3. There was a significant interaction effect between treatment and
inflammatory group in diastolic (P < 0.01). In the low inflammatory group, diastolic blood
pressure was significantly decreased from baseline after the AAD (-4.26 ± 1.62 mmHg,
P=0.01), ALD (-5.86 ± 1.63 mmHg, P<0.001), and CHOC (-5.61 ± 1.61 mmHg,
P<0.001). Conversely, in the high inflammatory group, there were no treatment effects in
change in diastolic blood pressure from baseline (Figure 4-2). No significant interactions
between treatment and inflammatory group were observed in other vascular parameters
(P >0.05). It was noteworthy that the baseline artery diameter (BAD) was larger in the
low inflammatory group compared with the high inflammatory group (4.53 ± 0.04
compared with 4.39 ± 0.04, P = 0.04); however, there was no interaction between
treatment and baseline CRP status.
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Table 4-3. Effects of treatments on vascular parameters by baseline inflammatory status

Systolic
BP†,
mmHg

Diastolic
BP, mmHg

Plasma
NO

FMD%

Baseline
BAD, mm

Peak BAD,
mm
Baseline
flow
volume†,
ml/min

Low
CRP
High
CRP
Low
CRP
High
CRP
Low
CRP
High
CRP
Low
CRP
High
CRP
Low
CRP
High
CRP
Low
CRP
High
CRP
Low
CRP
High
CRP
Low
CRP
High
CRP

AAD

ALD

CHOC

CHOC+ALD

Treat

CRP

Treat
*CRP

116.34
(112.39,
120.42)
114.46
(110.77,
118.26)

114.49
(110.59,
118.53)
111.93
(108.35,
115.64)

117.73
(113.75,
121.85)
117.58
(113.81,
121.47)

119.39
(115.33,
123.58)
115.87
(112.17,
119.71)

0.03

0.27

0.86

77.74±1.62

76.14±1.63

76.39±1.61

81.35±1.62
0.39

0.14

<0.01

80.72±1.59

80.61±1.58

83.11±1.59

79.12±1.58

29.66±4.20

38.93±4.23

35.44±4.19

37.60±4.21
0.10

0.49

0.66

31.18±3.94

36.02±3.92

29.88±3.93

31.32±3.92

5.11±0.68

5.03±0.68

5.93±0.67

5.37±0.68
0.89

0.34

0.35

6.69±0.65

6.05±0.63

5.58±0.64

6.20±0.63

4.57±0.06

4.44±0.06

4.60±0.06

4.52±0.06
0.02

0.04

0.66

4.35±0.06

4.32±0.06

4.46±0.06

4.43±0.06

4.80±0.15

4.65±0.15

4.86±0.15

4.76±0.15
<0.01

0.22

0.70

4.48±0.14

4.42±0.14

4.54±0.14

4.55±0.14

231.61±24.2
190.24±24.3
203.08±24.1 210.76±24.5
3
1
1
1
0.59
0.18
157.96±23.3
163.02±22.6
182.52±22.6 185.86±22.6
1
2
8
6
1016.17±72.
1041.91±73.
908.20±72.5 1036.76±73.
Peak flow
95
44
4
80
volume,
0.93
0.60
1002.61±72.
1027.48±70.
1124.01±70. 1036.32±70.
ml/min
60
65
97
78
382.18
468.34
355.81
431.00
Low
(298.60,
(365.84,
(270.32,
(335.73,
Reactive
CRP
489.17)
599.56)
468.39)
553.24)
hyperemia
0.40
0.05
537.54
557.63
550.1
461.92
†
High
,%
(423.99,
(442.57,
(435.24,
(366.50,
CRP
681.50)
702.68)
695.27)
582.13)
Data are mean ± SEM, n=31. AAD, Average American Diet; ALD, Almond Diet; CHOC, Chocolate Diet;
CHOC+ALD, Chocolate and Almond diet; BP, blood pressure; NO, nitric oxide; BAD, brachial artery
diameter; FV, flow volume. Statistical significance assessed by PROC MIXED in SAS †Geometric means
(95% CIs) for non-normally distributed variables
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Figure 4-2. Change from baseline in diastolic blood pressure by inflammatory group in
response to 4 diets. The bars represent least-squares means for n=31. The error bars
represent SEMs. Statistical significance assessed using the PROC MIXED procedure in
SAS; *significantly different from baseline. AAD, Average American Diet; ALD, Almond
Diet; CHOC, Chocolate Diet; CHOC+ALD, Chocolate and Almond Diet

Effects of the treatments on measures of oxidative stress by inflammatory
group
Table 4-4 shows the effects of treatments on measured of oxidative stress by
inflammatory group. For oxidized LDL, there was a significant interaction between
treatment and inflammatory group (P=0.03). For the low inflammatory group, the lag time
of LDL oxidation tended to increase from baseline after the CHOC+ALD (9.42 ± 5.30
min, P =0.08), whereas for the high inflammatory group, no treatment effects were
observed in LDL oxidation (P > 0.05). However, no significant interaction between
treatment and inflammatory group was observed in urinary isoprostanes.
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Table 4-4. Effects of treatments on measures of oxidative stress by baseline
inflammatory status

Low
CRP

Oxidized
LDL, lag
time (min)

High
CRP

AAD

ALD

CHOC

CHOC+ALD

80.60±5.28

90.43±5.33

90.29±5.27

94.64±5.30

93.42±4.95

88.92±4.92

91.21±4.94

Treat

CRP

Treat*
CRP

0.68

0.93

0.03

84.83±4.92

Low
0.19
0.17
0.27
0.16
CRP
(0.10, 0.39)
(0.08, 0.37)
(0.14, 0.55)
(0.08, 0.33)
0.10
0.89
High
0.21
0.18
0.21
0.14
CRP
(0.11, 0.41)
(0.09, 0.34)
(0.11, 0.41)
(0.07, 0.27)
Data are means ± SEMs n=31. Statistical significance assessed by PROC MIXED in SAS P < 0.05; AAD,
Average American Diet; ALD, Almond Diet; CHOC, Chocolate Diet; CHOC+ALD, Chocolate and Almond
diet; †Geometric means (95% CIs) for non-normally distributed variables; Different superscripts denote
significant differences between groups not sharing the same superscript.
Urinary 8isoprostanes
†
, ng/mmol
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Figure 4-3. Change from baseline in the lag time of LDL oxidation by inflammatory
group in response to 4 diets. The bars represent least-squares means for n=31. The
error bars represent SEMs. Statistical significance assessed using the PROC MIXED
procedure in SAS; AAD, Average American Diet; ALD, Almond Diet; CHOC, Chocolate
Diet; CHOC+ALD, Chocolate and Almond Diet
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Discussion
Our findings demonstrate that diet-induced changes in ApoB, diastolic blood
pressure, and oxidized LDL may be modulated by the baseline inflammatory status. In
the present study, the participants in the low inflammatory group at baseline decreased
the level of ApoB after the AAD, ALD, and CHOC+ALD compared to baseline, whereas
the reductions were not observed in those in the high inflammatory group at baseline.
Similarly, there were significant reductions in diastolic blood pressure from baseline after
the AAD, ALD, and CHOC in the participants who were in the low inflammatory group;
however, the participants who were in the high inflammatory group did not change
diastolic blood pressure after any of the treatments. Furthermore, individuals in the low
inflammatory group tended to have an increase in the lag time of LDL oxidation from
baseline after the CHOC+ALD; however, there were no differences in LDL oxidation in
the high inflammatory group.
Comparing baseline metabolic characteristics of the high inflammatory and low
inflammatory groups, individuals in the high inflammatory group had a higher BMI and
waist circumference compared with those in the low inflammatory group. These findings
confirm the current understanding of obesity as a state of low-grade inflammation [176].
Adipose tissue in obese individuals may release increased amounts of pro-inflammatory
cytokines into the circulation [177], which results in a greater production of CRP by the
liver. The geometric means of baseline CRP for the low and high inflammatory groups
were 0.70 and 3.25 mg/L, respectively. These CRP values fell in the category of the low
and high risk level of CVD, respectively, according to the Center Disease Control and
Prevention and the American Heart Association CVD risk assessment guidelines for
CRP [174].
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Inflammatory status resulted in differential lipid, blood pressure, oxidative stress
responses to the treatment diets with significant interactions between treatment and
inflammatory status, specifically for ApoB, diastolic blood pressure, and lag time of LDL
oxidation. Our results showed the participants who had a lower concentration of CRP at
baseline had favorable metabolic changes in response to the diets compared with those
who had a higher concentration of CRP at baseline. These findings are similar to the
results from previous studies [142, 178-180]. In a study by Erlinger et al [142], a
randomized, parallel study was conducted with 100 participants who randomly received
either a control or DASH diet (27% total fat, 6% saturated fat) for 12 weeks. Results
showed that individuals who were on the DASH diet had a decrease in TC, LDL-C, and
HDL-C. The results were further analyzed by baseline CRP status; individuals who had
a lower baseline CRP decreased TC (-9.8 % compared with -3%, P for interaction
=0.006) and LDL-C (-11.8% compared with -3%, P for interaction=0.019) to a greater
extent compared with those who had a higher baseline CRP. Potential mechanism of the
altered lipid response is that the increased cytokines interfere with the action of
lipoprotein lipase [181], which contributes to hypertriglyceridemia. This may account for
a failure to respond to dietary change in the high inflammatory group. Desroches et al.
[141] examined the effects of ad libitum intake a low-fat diet (25.8% of energy from fat)
and a high MUFA diet (40.1% energy from fat, 22.5% from MUFA) on lipid and
lipoprotein profiles. Individuals with baseline CRP values above median increased TC
and VLDL after the consumption of a low fat diet, but not in those with baseline CRP
below median. The high MUFA diet decreased TG, VLDL-TG, and VLDL-C in those with
low baseline CRP, however, these findings were not seen in those with those with high
baseline CRP. Similar findings were seen in a study by Holligan et al. [180]; ABCA1mediated and global serum cholesterol efflux capacities were increased in participants
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with baseline CRP values < 103 µg/L after consuming a pistachio containing diet for 4
weeks.
The blood pressure lowering effects were observed in the low inflammatory
group, but not in the high inflammatory group. Similar results were seen in a study by
Milani and Lavie [175]. The formal cardiac rehabilitation and exercise training programs
were given in 635 patients with CHD. Results showed that systolic, diastolic, and mean
arterial blood pressure improved in patients with the baseline CRP < 3.2 mg/L, but not in
those with the baseline CRP > 3.2 mg/L. Higher CRP concentrations may increase
blood pressure by decreasing the production nitric oxide in endothelial cells [172], which
resulted in vasoconstriction. CRP also has been shown to increase the production of
endothelin 1[182], a vasoconstrictor which mediates endothelial dysfunction.
The lag time of LDL oxidation tended to increase after the CHOC+ALD in the low
inflammatory group. A recent study showed that oxidized LDL was positively correlated
with conventional biomarkers of CVD including CRP (r = 0.147, P = 0.02) [183]. The role
of CRP in the LDL oxidation is not fully understood, however, Singh et al. reported that
CRP promotes oxidized LDL uptake [184], which may result in promoting
pathophysiological CHD pathways.
A study limitation is the relatively small sample size. The primary outcome of this
study was LDL-C, thus, the sample size was calculated to detect the changes of LDL-C
in response to the treatment diets. This may result in the lack of statistically significant
results from the post-hoc analyses despite there were significant interaction effects
between treatment and baseline inflammatory status for the ApoB, diastolic blood
pressure, and lag time of LDL oxidation. Furthermore, this study did not measure the
biochemical markers of mechanistic components (i.e. pro-inflammatory cytokines) to
explain how CRP modulated the diet induced metabolic responses. It will be important in
for future studies to add mechanistic components to understand the role of CRP in the
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metabolic changes in response to treatment. Another limitation is the differences of
baseline characteristics between the high and low inflammatory groups. The high
inflammatory group had a higher BMI and waist circumference compared with the low
inflammatory group, which may result in the attenuated metabolic responses in the high
inflammatory group. Despite this, BMI was added to the statistical model as a
confounding factor and our results were based on the BMI-adjusted model. Furthermore,
the participants in the study were relatively healthy, thus the median of baseline CRP
was lower than other studies with similar findings (1.2 mg/L compared with 2.37
mg/L[142], 3.2 mg/L[175]). Future studies are needed to explore the role of CRP in
metabolic responses as a primary outcome.
In conclusion, this study demonstrates that inflammation may modulate metabolic
changes in response to the treatment diets. Individuals with low baseline CRP favorably
changed metabolic responses to diets by decreasing ApoB and blood pressure and
increasing the lag time of LDL oxidation, however, these effects were not seen in those
with high baseline CRP. The baseline CRP may predict the diet-induced metabolic
changes. Therefore, future dietary intervention trials should consider the inflammation
status of the target population as a potential confounder of metabolic responses to a diet
intervention.
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Chapter 5 Research Summary and Future Direction

The aims of this dissertation were to investigate the individual or combined
consumption of dark chocolate/cocoa and/or almonds on CVD risk factors. Specifically,
these studies investigated the effects of consumption of dark chocolate/cocoa (18 g of
natural cocoa and 43 g of dark chocolate/day) and/or almonds (1.5 oz/day) on 1) lipids,
lipoproteins, apolipoproteins, and lipoprotein subclasses, 2) measures of vascular
health, blood pressure and FMD, 3) measures of oxidative stress, urinary isoprostanes
and lag time of LDL oxidation. As an exploratory component, all of the study outcomes
were further analyzed by baseline inflammatory status.
Our findings demonstrated that the ALD and CHOC+ALD improved TC, nonHDL, and LDL profiles; however, the CHOC did not beneficially affect lipids and
lipoproteins. Furthermore, the CHOC+ALD significantly decreased ApoB concentration.
There were different treatment effects on LDL subclasses; the ALD decreased large,
buoyant LDL particles (LDL1+2), whereas the CHOC+ALD decreased small, dense LDL
particles (LDL3+4). Future studies are warranted to explore the mechanisms by which the
combined consumption of both foods may decrease small, dense LDL concentration.
Experimental studies have reported that hepatic lipase and lipoprotein lipase are
involved in the generation of remnant lipoproteins and small, dense LDL. Measurement
of hepatic lipase and lipoprotein lipase activities would provide insights into
understanding the role dark chocolate and almonds in small, dense LDL production.
Moreover, studying the microbiome could potentially provide insight about the
mechanisms.
Despite the beneficial treatment effects on lipid profiles, we did not observe any
treatment effects on measures of vascular health and oxidative stress. The AAD had
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blood pressure lowering effects, which resulted in non-significant findings in blood
pressure between AAD and treatment diets. It is possible that the diet quality of the AAD
was better than that of the pre-study diet of the participants. Data collection of pre-study
diets of participants would help researchers understand the metabolic changes from
baseline. Moreover, incorporating a run in period may prevent this in future studies.
Even though FMD was not changed after any of treatments, there are other measures of
vascular health, such as pulse wave velocity and augmentation index, indicators of
arterial stiffness. A comprehensive approach to measuring vascular outcomes could
provide a better understanding of the effects of treatments on vascular health.
The results from exploratory analyses showed that there were significant
interaction effects between treatment and baseline CRP status for ApoB, diastolic blood
pressure, and LDL oxidation. Individuals with a low baseline CRP level had favorable
treatment effects by decreasing ApoB, diastolic blood pressure, and tended to increase
the lag time of LDL oxidation, however these effects were not observed in those with a
high baseline CRP level. These results are consistent with previous findings, however,
this study was not powered to detect differences in diet induced metabolic changes
between high and low inflammatory groups. Therefore, future studies are needed to
explore the role of CRP in metabolic responses as a primary outcome. Measuring proinflammatory cytokines, such TNF-α, IL-6, or IL-1 could provide a more comprehensive
assessment of the inflammation status of the participants.
In summary, our study demonstrated that individual consumption of almonds or
combined with dark chocolate/cocoa has beneficial effects on cardiovascular risk factors,
which in turn would be expected to decrease future CHD risk. Moreover, the baseline
CRP may predict the diet-induced metabolic changes. Therefore, future dietary
intervention trials should consider the inflammation status of the study population as a
potential confounder of metabolic responses to a diet intervention.
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Appendix A: Informed consent form

Informed Consent Form for Biomedical Research
The Pennsylvania State University
INFORMED CONSENT FOR CLINICAL RESEARCH STUDY
Title of Project: Effect of Polyphenolic-Rich Dark Chocolate and Almonds on CVD Risk
Factors
Principal Investigator:

Penny Kris-Etherton, PhD, RD
Department of Nutritional Sciences
319 Chandlee Lab
Penn State University
University Park, PA 16802
814-863-2923
Email: pmk3@psu.edu

Study Personnel:
Yujin Lee, Project Coordinator
Email: yujinlee1203@gmail.com
Phone: 814-863-8056

Jennifer Fleming, M.S., R.D., Clinical Coordinator
Email: jas58@psu.edu
Phone: 814-863-8056

(Please print your name)
so that
the person in charge of the research, Dr. Penny Kris-Etherton, would know that you have
had a chance to read the information below. This form may contain words you do not
understand. Please ask the study personnel to explain any words or information you do
not clearly understand.

PLEASE READ EVERY PAGE CAREFULLY AND INITIAL THE BOTTOM OF EACH
PAGE WHEN YOU HAVE HAD ALL OF YOUR QUESTIONS ANSWERED TO YOUR
SATISFACTION.

Purpose of the Study
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You have been invited to participate in a clinical research study to test the effects of four
diets, containing either almonds, dark chocolate, dark chocolate + almonds, or no
chocolate or almonds, on established and emerging risk factors for cardiovascular
disease. Specifically, this study will assess changes in blood pressure, the levels of fat
in your blood, the health of your blood vessels, and your inflammatory status in response
to the different diets. This new study will provide important information about the health
effects of chocolate and almonds, alone and in combination, on risk factors for
developing heart disease.
General Overview of the Study
If you agree to participate in this study, your participation will last for 22 weeks total
consisting of four, 4- week diet periods. The order of the 4 treatment diets will be
randomly assigned (control, dark chocolate, almond or dark chocolate + almond). This
assignment is done in a way similar to flipping a coin – we use a computer program to
assign the order of the diets that you will receive. An approximate 2-week break will be
allotted between diet periods to reduce the monotony of a controlled feeding study and
encourage continued compliance when feeding resumes.
Diet Design
Diets for this study will compare a Control Diet, similar in nutrient composition to an
average American diet, to three experimental diets, each supplemented with one of the
following: dark chocolate, almonds, or dark chocolate + almonds. Diets for all four
groups are closely matched for percent of calories from carbohydrates (48-50%), protein
(16-17%), and fat (34-35%). Calorie levels will be estimated for weight maintenance,
this is not a weight loss study therefore calories will be adjusted as needed to ensure
that you do not lose or gain weight over the course of the study. All diets contain foods
that are commonly found at a grocery store.
Procedures to be Followed
Screening Tests
If you decide to participate in the study and are considered eligible after the telephone
screening, you will be further screened during a visit to the Clinical Research Center
(CRC) at Penn State to determine eligibility to participate. This visit will consist of filling
out standard forms (informed consent, medical history, personal information);
questionnaires (i.e. attitudes toward food and eating); measuring height and weight so
your body mass index (BMI) can be calculated; and measuring blood pressure (BP). If
after these measurements it is determined you are still eligible, a blood sample will be
taken from a forearm or hand vein and a complete blood count, including liver and
kidney function and a blood fat panel will be performed (approximately 15 mls of blood or
1 tablespoon will be taken). You will feel a small pinch or discomfort when the needle is
inserted. If the initial blood draw is unsuccessful it may need to be repeated, with your
permission. If you are female, you will be given a urine pregnancy test. You will be
contacted within 3-5 days with the results of the screening blood sample. A clinician at
the CRC will review all of the screening data and if you are still eligible for the study, you
will be contacted to schedule your start date and baseline data collection appointments.
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There will be no charge for the screening blood work or measurements and you will get
these results. If you agree to participate in this study, you will agree to check with the
study staff before participating in any other research studies; the study coordinator will
let you know if it is alright to participate. Also, you will only be included if you agree to
refrain from donating blood or plasma during the entire study.
Feeding Study
If you agree to participate in the study you will agree to eat only those foods (3 meals
and a snack every day) and beverages provided to you (some non-caloric beverages are
allowed) during the feeding periods of the study. You will come to one of the diet
centers on campus Monday through Friday anytime between 6:30am and 6:00pm (you
choose what time fits your schedule best), where you may eat your meal in the dining
area or have it packed out for you. Your other two meals and snack will be packed and
ready for you to take and eat at a place of convenience. On Friday, you will be given a
cooler that contains your Friday, Saturday and Sunday meals and snacks. You will be
required to appropriately refrigerate and store all foods provided to you for take-out. You
are to eat only the foods given to you and nothing else. You must consume all of the
food given to you. If for some reason you fail to do this, it is important that you tell the
study staff that you did not follow protocol so they can make a note of it in your records.
The information you provide to the study coordinators will be collected on two separate
forms; one to be completed daily and one to be completed weekly. It should take only
about 5 minutes to complete these forms each day. You will be weighed regularly at your
mealtime so that your calorie intake may be adjusted over the course of the study in
order to maintain your baseline body weight. This is not a weight-loss study, the diets
are designed to meet your calorie needs and keep your body weight constant. Calorie
intake will be adjusted up or down as necessary to maintain your weight. Also, you
understand that you must keep your exercise level constant throughout the whole study.

Baseline and Endpoint Testing
Blood sampling:
You cannot consume any food or drinks except water for 12 hours, and cannot
drink alcohol during the
48 hours prior to having your blood taken. You also cannot engage in vigorous
physical activity 12 hours prior to having your blood taken.
In addition to the blood taken at screening, blood samples also will be taken on two
consecutive days at baseline and the end of each time point (for a total of 10 times).
After a twelve hour fast (consumption of no food or drinks except water), a blood sample
will be taken from your arm. If the initial blood draw is unsuccessful it may need to be
repeated, with your permission. Your weight and BP also will be recorded on the first of
the two consecutive visits. This will be done at the CRC on the PSU campus.
Approximately 60 ml (about 4 tablespoons) of blood will be collected at each endpoint
over two days (~30 mls, or 2 Tbsp., on each day). Therefore, over the 22-week study,
blood will be taken 10 times with a total amount of ~ 300 mls (or <1.0 pint) of total blood
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taken. A typical American Red Cross blood donation is 1 pint (500 mls.) Blood samples
will be frozen and analyzed at the end of the study (when all subjects have completed
the study). The results of the study will only be available at the end of the entire study
(which may take up to 2 years). Your blood may be tested for the following: blood fats
(total cholesterol, LDL-cholesterol, HDL-cholesterol, triglycerides, LDL particle size and
apolipoproteins), inflammatory markers (plasma cytokines and C-reactive protein), signs
of oxidative stress, antioxidant capacity (flavonoids and alpha-tocopherol), HDL function
(reverse cholesterol transport and PON1 activity), markers of gene expression and
possibly blood sugar (glucose, insulin). No personal information will be kept with any
sample – only ID# will be assigned and only the Primary Investigator and specified study
personnel will have access to the ID# assignments with the study files.
Vascular Ultrasound Test by Flow-mediated dilation (FMD):
In addition to collecting blood samples, you will undergo a test that determines the health
of your arteries and their reactivity to mild stressors, which are described below. This
test will be performed using an ultrasound machine. Ultrasound is often used to see
images of babies in the womb. We will use ultrasound to measure the diameter of an
artery in your upper arm, before and after the inflation of a blood pressure cuff on the
forearm. In most people, this procedure produces dilation (opening up) of the artery.
The purpose of this test is to test whether addition of chocolate and/or almonds into the
diet will improve blood vessel function. The test will be performed at baseline (prior to
consuming the test meal) and 4 hours following the test meal. The FMD test is described
below.
Ultrasound will be used to collect images of the brachial artery in your right arm. This
procedure is known as Flow Mediated Dilation (FMD). The FMD test takes about 30
minutes and is performed as follows:
1. In a private room, you may be asked to remove your shirt and put on a hospital
gown. (You will not be asked to remove any clothing below the waist). You will lie
quietly on a bed in a quiet, darkened room.
2. Your right arm will be extended at a 45-degree angle from your shoulder and rest on
some foam cushion supports. A blood pressure cuff will be placed on your forearm.
3. A research assistant will place 3 EKG electrodes (stickers) on your upper chest and
stomach.
4. You will be asked to rest for 10 minutes.
5. A technician, trained in medical ultrasound, will sit at the head of the bed. The
technician will apply ultrasound gel on your arm and will place an ultrasound probe
(which looks like a microphone) on that arm.
6. An image of the blood vessels in your arm will be viewed on the ultrasound
equipment next to the bed. The technician may need to move the probe over a small
area of your upper arm to obtain the clearest image. The image of the artery will be
videotaped for 5 minutes.
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7. Next, the blood pressure cuff on your lower arm will be tightly inflated (to a pressure
of 250 mmHg) and it will remain inflated for 5 minutes.
8. While the cuff remains inflated, the technician will continue to record the image of the
artery in your upper arm. At the end of 5 minutes, the cuff will be deflated and
images will be captured and recorded for an additional 2.5 minutes. It is very
important throughout the recording that you rest quietly and keep your arm as still as
possible.
Body Composition (Waist Circumference):
At the beginning of the study and the end of each diet period, changes in your waist
circumference will be measured to track how much fat is lost from the waist-area of the
body.
Urine Collection:
At baseline and at the end of each diet period, you will be asked to collect a 24-hour
urine sample. We will provide you with instructions and a collection jug that you will use
to collect all of your urine over the 24 hours (i.e. 7AM to 7AM). The jug should be
returned to the lab the next day when you come in for your second day of endpoint
testing.
Ambulatory Blood Pressure:
Participants will arrive at the CRC in the morning to be instrumented with a SpaceLabs
Healthcare ambulatory blood pressure device (model 90207) and a standard blood
pressure cuff. The device will be worn for 24- hours and programmed to take 3 readings
per hour during waking hours and 2 readings per hour during sleep. Participants will be
instructed to relax their arm when blood pressures are taken, and they will have the
option of stopping an individual BP reading if it interferes with activities such as driving.
Blood pressure will be measured at baseline and at the end of each diet period.

Compliance with Study Protocol
***Please note: Successful completion of this study depends on the total
cooperation of the participants. If during the study, you cannot eat the food
provided or comply with other study procedures (such as attending clinic visits),
you will be asked to leave the study. Every effort will be made to give you a chance
to comply with the study requirements, but if you do not follow the above study
protocol, you may be dropped from the study.
In addition, please advise us of any medical events (such as illness, injury, surgery
etc) that arise during the course of the study. Depending on the event, we may
require you to obtain a medical clearance before continuing with the study. Some
medications may also interfere with our study outcomes so please inform us of
any medication changes.***
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Discomforts and Risks
Feeding Study
The diets used in this study are nutritionally adequate, whole-food diets. All foods will be
prepared daily according to accepted standards of sanitation and provisions are made to
ensure the safety of foods provided for off-site consumption. However, it is possible that
incorrect food handling during shipping, storage or preparation, if not detected, could
result in food-borne illness. Every effort will be made to safeguard against this
possibility. To date, no food related contamination or illnesses have occurred. Feeding
studies that require on-site eating of meals and strict adherence to the diets provided
may interfere with social activities centered around eating such as dining in restaurants.
While the menus will provide some variety in the diets, the number of food items will be
more limited than that available in an average grocery store. The limited variety may
become boring over the course of the study. In addition, some participants may
experience GI (stomach) upset from the change of diet; symptoms may include, but are
not limited to, any of the following: constipation/diarrhea, nausea, and bloatedness. This
will likely subside once the participant becomes accustomed to the new diet. Should you
experience any type of food related allergic response please inform study personnel
immediately and seek medical attention as needed.
Blood Sampling
Blood draws often cause mild pain, swelling or bleeding. There may be some bruising
(blood under the surface of the skin), which will be minimized by pressing on the site
after the needle is removed. There is also a slight chance of infection, dizziness or
fainting. These risks will be minimized and most likely eliminated by having trained
medical staff draw the blood in a clinical setting using sterile supplies. If dizziness or
fainting occurs, the symptoms will be alleviated by having you lie flat with your feet
raised. The medical staff will ask that you remain at the clinic until your blood pressure
has been checked and they are sure that you are OK.
Vascular Ultrasound Test (FMD)
There are no known risks associated with ultrasound. However, because the blood
pressure cuff on your right forearm is inflated tightly, it is likely that your hand and arm
below the blood pressure cuff will experience “pins and needles” (tingling and pricking
sensations) while the cuff is inflated and for a few minutes after it is released. This
feeling is similar to what you feel when your hand or foot “fall asleep.” During the 5
minutes that the blood pressure cuff is inflated on your forearm, your arm could become
numb and we will ask you not to move it. This might be moderately painful. However,
any discomfort or numbness should go away within minutes of cuff deflation and there
are no known long-term risks associated with this test. There is a possibility for red
blotching or mild bruising (petechiae) to appear on the skin above and below the location
of the blood pressure cuff. Studies indicate that petechiae are rare (occurring in less
than ½ of 1% of patients) and it is typically not uncomfortable and it does not require
treatment. There are no risks associated with measurement of blood pressure, heart
rate, or EKG as long as the participant is not allergic to adhesive tape. Temporary

redness at the site of the electrode placement is possible. All video tapes from the
ultrasound will have no personal identifying information associated with them and will be
stored in a locked closet indefinitely since there is no indication on the tape of who the
subject is.
Ambulatory Blood Pressure:
Participants will be instrumented with a SpaceLabs ambulatory blood pressure device
and a standard blood pressure cuff to be worn for 24-hours. The risks involved with
wearing this device include minimal interference with daily tasks (such as sleeping and
bathing), possible discomfort with inflation of the cuff, and irritation due to interference
with tasks and having to stop activities to relax arm when the cuff inflates.
Urine Collection
Collecting urine over a 24-hour period while at work or at home can be a disturbance to
your normal schedule. Making reminders to yourself to use the provided orange jug,
especially during sleep hours, is helpful. In addition, some people may be
uncomfortable collecting their own urine at first, but if you are careful it is sanitary and
safe. Always wash your hands after using the restroom.
Time Commitment
The following is an estimate of the amount of time you will spend in study activities:





Screening appointment: 60 min [forms, BP, weight, blood draw]
Baseline: 45-60 min [Blood draw, weight, BP, FMD, Urine pregnancy test]
(Beginning of DP1) Blood draw, weight, WC – 30 min
24 hr urine collection (at home)
24 ambulatory blood pressure (at home)
End of Diet Periods 1-4: 45-60 min [Blood draw, weight, BP, FMD, Urine pregnancy
test*], Blood draw, weight, WC – 30 min, 24 hr urine collection (at home), 24
ambulatory blood pressure (at home)

Eating at the clinic/filling out forms/picking up food – 15 min / 5 days per week for a total
of 16 weeks: total of 1200 min or about 20hrs
Total time for study visits is approximately 28.5 hours
Total time commitment (with at home urine and blood pressure collections) is
approximately 208.5 hours
* Pregnancy tests will be given to females of child bearing potential only.
Benefits to You
You will have a chance to learn the principles of good nutrition practices. You also will
receive the results of your screening blood work and information about how your blood
cholesterol changed in response to the experimental diets. At the end of the study you
will receive information about the effect of each of the diets (chocolate, almond, and
chocolate + almond) on your blood cholesterol, blood pressure, antioxidant capacity,
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inflammation, abdominal adiposity and vascular function. The final results of the study
will not be available until all of the analysis is completed. This may take up to two years.
However, no benefit from participation in this study is guaranteed.
Potential Benefits to Society
It is hoped that the information gained from this study will increase our understanding of
the effects of chocolate, almond, and chocolate + almond intake on blood cholesterol
levels and heart disease risk factors. It also may help identify if there is greater
cardiovascular risk reduction when chocolate and almonds are consumed in
combination, versus alone, in the diet.
Study Funding Source Information
The funding for this study is provided by The Hershey Company and the Almond Board
of California. However the funding source will not be involved in data analysis. They will
have the right to review all publications before submission however there are no
contractual agreements that allow them to have influence on, or restrict, the publication
of results. The PI has no affiliation with The Hershey Company or the Almond Board of
California.
Statement of Confidentiality
Your participation in this research is confidential. All records are coded with a unique ID
number and no names are used. Records containing names or other identifying
information are kept under lock at the PI’s research office. All records associated with
your participation in the study will be subject to the usual confidentiality standards
applicable to medical records. In the event of publication of this research, no personal
identifying information will be disclosed. Your blood specimens will be coded with your
unique ID number and will be maintained until three years after the date from when the
study is published, and then destroyed unless (see end of document) you give
permission for us to keep your blood samples for future use. At the end of the study
(after all subjects have completed the study), you will be given your laboratory results
without cost, and informed of the study results. The following may review records related
to this research: The Office of Human Research Protections in the U.S. Dept. of Health
and Human Services; the Food and Drug Administration (FDA), Penn State University’s
Institutional Review Board and Office for Research Protections.
Right to Ask Questions
Please contact Dr. Kris-Etherton at (863-2923 or 863-8056) with any questions,
complaints or concerns about the research. You can also call this number if you feel this
study has harmed you. If you have any questions, concerns, problems about your rights
as a research participant or would like to offer input, please contact Penn State
University’s Office for Research Protections (ORP) at (814) 865-1775. The ORP cannot
answer questions about research procedures. Questions about research procedures
can be answered by the research team.
If the principal investigator or study staff becomes aware of new information or research
findings that might affect your willingness to participate in this study, you will be given
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that information. You will be given the opportunity to ask any questions you might have
and to decide if you want to continue to participate in the study.
Compensation
You will receive all of your food at no cost to you for the four, 4 week feeding periods.
For your time and participation in the study you will receive monetary compensation of
$400. If you drop out of the study for whatever reason before its completion, your
compensation will be the following:
Completion of the 1st diet period = $40
Completion of 2nd diet period = $60
Completion of the 3rd diet period = $100
Completion of the 4th diet period = $200 ($400 total)
The compensation you receive is treated as taxable income. If your total payments within
one calendar year exceed $600, this will require the University to annually report these
payments to the IRS. This may require you to claim the compensation that you receive for
participation in this study as taxable income.
Injury Statement
In the unlikely event you become injured as a result of your participation in this study,
medical care is available. It is the policy of this institution to provide neither financial
compensation nor free medical treatment for research-related injury. By signing this
document, you are not waiving any rights that you have against The Pennsylvania State
University for injury resulting from negligence of the University or its investigators.
Voluntary Participation
Your participation in this study is voluntary. You may decline to answer any questions
during the screening process or during the study. Please be aware that if you refuse to
answer a number of the questions, the researchers will not be able to obtain enough
needed data and it may become impossible to keep you in the study. You may withdraw
from this study at any time by notifying the investigators or other study personnel.
Refusal to take part in or withdrawing from this study will involve no penalty or loss of
benefits you would otherwise receive. You may be asked to leave the study at any time if
you do not comply with the study protocol. All study data collected up to the point of
withdrawal will still remain part of the database and may not be removed.
In the event that abnormal lab test results are obtained during initial screening or
subsequently throughout this study, you will be informed as quickly as possible of these
results and instructed to contact your private physician for further assessment. The lab
test results will be made available to your private physician at your request.
If you have read the information in this form and agree to and give your permission for
your participation as a volunteer in the study entitled “Effect of Polyphenolic-Rich Dark
Chocolate and Almonds on CVD Risk Factors” please print your name and sign
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below. You must be 18 years of age or older. You will receive a signed copy of this
consent form.
Signature of Participant

Date

Printed Name of Participant

Signature of Investigator

Date

In addition to the main part of the research study, there is an optional part of the study.
You can participate in the main part of the research without agreeing to take part in this
optional part.
Storage of Leftover Blood Samples for Future Research Studies
As part of this study, we are obtaining blood from you. If you agree, the research team
would like to store leftover samples of your blood that are collected so that your blood
can be studied in the future after this study is over. These future studies may provide
additional information that will be helpful in understanding cardiovascular disease, but it
is unlikely that these studies will have a direct benefit to you. Neither your doctor nor you
will receive results of these future research tests, nor will the results be put in your health
record. If you have any questions, you should contact Dr. Kris-Etherton at 814-8632923.
Your leftover samples will be labeled with a code number and stored in Dr. KrisEtherton’s locked laboratory. If you consent to the collection of samples of your blood for
future research, the period for the use of the samples is unknown. If you agree to allow
your blood to be kept for future research, you will be free to change your mind at any
time. You should contact Dr. Kris-Etherton at 814-863-2923 and let her know you wish to
withdraw your permission for your blood to be used for future research. If you do this,
any unused blood will be destroyed and not used for future research studies.
You should initial below to indicate your preferences regarding the optional storage of
your leftover blood for future research studies.
a.

Your samples may be stored and used for future research studies to learn about,
prevent, treat or cure cardiovascular disease, diabetes, obesity and other health
problems.
Yes

No

b.
Your samples may be shared with other investigator/groups without any
identifying information.
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Yes

No

Participant: If you have read the information in this form and agree to and give your
permission for your participation in this optional part of the research please print your
name and sign below.
Signature of Participant

Date

Time

Printed Name
Person Explaining the Research: Your signature below means that you have
explained the optional part of the research to the participant/participant representative
and have answered any questions he/she has about the research

Signature of person who explained
optional research

Date

Time

Printed Name this

Do we have permission to keep your personal information and contact you about
your interest in participating in future studies for Dr. Kris-Etherton and her
collaborators?

Yes

No

Initials
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Appendix B: six-day menus of study diets
DAY 1
AAD

ALD

CHOC

CHOC+ALD

BREAKFAST
Egg beaters

Egg beaters

Egg beaters

Egg beaters

Skim milk

Skim milk

Skim milk

Skim milk

Raisin Bran

Raisin Bran

Raisin Bran

Raisin Bran

OJ

OJ

OJ

OJ

American cheese

Almonds

Cocoa beverage

Cocoa Bev

Mini bagel

Mini bagel

Mini bagel

Mini bagel

Granola bar

Granola bar

Granola bar

Granola bar

Roast beef

Roast beef

Roast beef

Roast beef

Potato chips

Potato chips

Potato chips

Potato chips

Hamburger bun

Hamburger bun

Hamburger bun

Hamburger bun

Mayonnaise

Mayonnaise

Mayonnaise

Mayonnaise

Lettuce

Lettuce

Lettuce

Lettuce

Sour cream dip

Sour cream dip

Sour cream dip

Almonds

Jambalaya w/chix

Jambalaya w/chix

Jambalaya w/chix

Jambalaya w/chix

Biscuit

Biscuit

Biscuit

Almonds

Butter

Butter

Butter

Lettuce

Lettuce

Lettuce

Lettuce

Shredded carrots

Shredded carrots

Shredded carrots

Shredded Carrots

FF French dressing

FF French

FF French

FF French

Peaches

Peaches

Peaches

Peaches

Yogurt

Yogurt

Yogurt

Yogurt

Cheddar cheese

Almonds

Bliss chocolate

Bliss chocolate

LUNCH

DINNER

SNACK
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DAY 2

AAD

ALD

CHOC

CHOC+ALD

BREAKFAST
Granola

Granola

Granola

Granola

Croissant

Almonds

Cocoa beverage

Cocoa beverage

2% milk

2% milk

2% milk

White bread

White bread

White bread

White bread

Pretzels

Pretzels

Pretzels

Pretzels

Baby carrots

Baby carrots

Baby carrots

Baby carrots

Mayonnaise

Mayonnaise

Mayonnaise

Mayonnaise

Celery

Celery

Celery

Celery

Hummus

Hummus

Hummus

Hummus

Pear

Pear

Pear

Pear

Tuna fish

Tuna fish

Tuna fish

Tuna fish

Meatloaf
w/potatoes

Meatloaf
w/potatoes

Meatloaf
w/potatoes

Meatloaf
w/potatoes

Green beans, fzn

Green beans, fzn

Green beans, fzn

Green beans, fzn

Vanilla pudding

Vanilla pudding

Vanilla pudding

Vanilla pudding

Dinner roll

Dinner roll

Dinner roll

Almonds

Butter

Butter

Butter

Saltines

Saltines

Saltines

Saltines

Cheddar cheese

1/2 cheese

1/2 cheese

Almonds

Almonds

Bliss chocolate

Bliss chocolate

Butter
2% milk
LUNCH

DINNER

SNACK
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DAY 3

AAD

ALD

CHOC

CHOC+ALD

BREAKFAST
Raisin Bran

Raisin Bran

Raisin Bran

Raisin Bran

Mini bagel

Mini bagel

Mini bagel

Mini bagel

American cheese

Almonds

Cocoa beverage

Cocoa beverage

Banana

Banana

Banana

Banana

Skim milk

Skim milk

Skim milk

Skim milk

Egg Beaters

Egg Beaters

Egg Beaters

Egg Beaters

White bread

White bread

White bread

White bread

Mayonnaise

Mayonnaise

Mayonnaise

Mayonnaise

Potato cips

Potato cips

Potato cips

Potato cips

Turkey

Turkey

Turkey

Turkey

Red Fat Ranch

Red Fat Ranch

Red Fat Ranch

Red Fat Ranch

Baby carrots

Baby carrots

Baby carrots

Baby carrots

Applesauce

Applesauce

Applesauce

Applesauce

Turkey Taco

Turkey Taco

Turkey Taco

Turkey Taco

Corn, fzn

Corn, fzn

Corn, fzn

Corn, fzn

Cheddar cheese

Almonds

Bliss chocolate

Bliss chocolate

Lettuce

Lettuce

Lettuce

Lettuce

Croissant

Croissant

Croissant

Almonds

Butter

Butter

Butter

Vanilla pudding

Vanilla pudding

Vanilla pudding

LUNCH

DINNER

Sour cream
SNACK
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Vanilla pudding

DAY 4

AAD

ALD

CHOC

CHOC+ALD

BREAKFAST
Cracklin' Oat Bran

Cracklin' Oat Bran

Cracklin' Oat Bran

Cracklin' Oat Bran

2% milk

2% milk

2% milk

2% milk

Peaches

Peaches

Peaches

Peaches

Scrambled eggs

Almonds

Cocoa beverage

Cocoa beverage

Veggie burger

Veggie burger

Veggie burger

Veggie burger

Hamburger bun

Hamburger bun

Hamburger bun

Hamburger bun

Lettuce

Lettuce

Lettuce

Lettuce

Pretzels

Pretzels

Pretzels

Pretzels

American cheese

American cheese

American cheese

Almonds

Vanilla pudding

Vanilla pudding

Vanilla pudding

Vanilla pudding

Mayonnaise

Mayonnaise

Mayonnaise

Mayonnaise

Applesauce

Applesauce

Applesauce

Applesauce

Spaghetti w/meat

Spaghetti w/meat

Spaghetti w/meat

Spaghetti w/meat

Green beans, fzn

Green beans, fzn

Green beans, fzn

Green beans, fzn

Dinner roll

Dinner roll

Dinner roll

Almonds

Butter

Butter

Butter

Cheddar cheese

Almonds

Bliss chocolate

Bliss chocolate

Saltines

Saltines

Saltines

Saltines

LUNCH

DINNER

SNACK
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DAY 5

AAD

ALD

CHOC

CHOC+ALD

BREAKFAST
Granola

Granola

Granola

Granola

Mini bagel

Mini bagel

Mini bagel

Almonds

Cream cheese

Cream cheese

Cream cheese

2% milk

2% milk

2% milk

2% milk

Chicken salad

Chicken salad

Chicken salad

Chicken salad

Pita bread

Pita bread

Pita bread

Pita bread

Potato chips

Potato chips

Potato chips

Potato chips

Sour cream dip

Almonds

Bliss chocolate

Bliss chocolate

Turkey stroganoff

Turkey stroganoff

Turkey stroganoff

Turkey stroganoff

Lettuce

Lettuce

Lettuce

Lettuce

Croutons

Croutons

Croutons

Croutons

Red Fat Ranch

Red Fat Ranch

Red Fat Ranch

Red Fat Ranch

Shredded carrots

Shredded carrots

Shredded carrots

Shredded carrots

Dinner roll

Dinner roll

Dinner roll

Almonds

Butter

Butter

Butter

Cheddar cheese

Almonds

Cocoa beverage

Cocoa beverage

Apple

Apple

Apple

Apple

Saltines

Saltines

Saltines

Saltines

LUNCH

DINNER

SNACK
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DAY 6

AAD

ALD

CHOC

CHOC+ALD

BREAKFAST
Granola

Granola

Granola

Granola

Skim milk

Skim milk

Skim milk

Skim milk

Yogurt

Yogurt

Yogurt

Yogurt

Scrambled eggs

Almonds

Cocoa beverage

Cocoa beverage

OJ

OJ

OJ

OJ

Chicken breast

Chicken breast

Chicken breast

Chicken breast

Applesauce

Applesauce

Applesauce

Applesauce

Dressing

Dressing

Dressing

Dressing

Croutons

Croutons

Croutons

Croutons

Lettuce

Lettuce

Lettuce

Lettuce

Potato chips

Potato chips

Potato chips

Potato chips

Chili

Chili

Chili

Chili

Vanilla pudding

Vanilla pudding

Vanilla pudding

Vanilla pudding

Saltines

Saltines

Saltines

Saltines

Green beans, fzn

Green beans, fzn

Green beans, fzn

Green beans, fzn

Sour cream

Almonds

Bliss chocolate

Bliss chocolate

Croissant

Croissant

Croissant

Almonds

Butter

Butter

Butter

LUNCH

DINNER

Cheddar cheese
SNACK
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