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ABSTRACT OF THE DISSERTATION
Long-Term Almond Supplementation: Effects on Diet, Eating Patterns, and Satiety in
Free-Living Healthy Individuals
by
Karen Jaceldo-Siegl
Doctor of Public Health in Nutrition
Loma Linda University, Loma Linda California, 2003

Joan Sabaté, Chairman

Because of the growing evidence of the cardio protective effect of nuts,
examining the potential of nuts as a healthy food choice for the larger population
should be considered. The purpose of this 12-month crossover study was to evaluate
the impact on diet, eating patterns, and satiety of supplementing a self-selected diet
(with little or no nuts) with ~52 g of almonds in free-living healthy males (43) and
females (38) between the ages 25 and 70 years. The first six months constituted the
control period where subjects followed their habitual diet (HD). During the
intervention (second 6 months), subjects were asked to incorporate almonds into their
HD without dietary advice by free feeding daily on the nuts (AD). Subjects
incorporated the almonds into the HD as a single portion, and consumed the nuts
during snacks and at breakfast. Almond supplementation resulted in an increased
intake of monounsaturated- and polyunsaturated fats, fiber, magnesium, and plant

protein, and a reduced intake of saturated fats, animal protein, cholesterol, and sodium.
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With the exception of saturated and polyunsaturated fats, the aforementioned nutrients
met the dietary recommendations to prevent CVD and chronic diseases. Total energy,
protein, fat, dietary fatty acids, and fiber were partially displaced, whereas the total
food weight and carbohydrate content were completely displaced from the AD.
Chronic almond consumption induced a displacement pattern that led to a reduction in
the intake of grains, dairy products, fats, sweets, and vegetables, and prevented
breakfast skipping among lean males. These findings are important, as they may have
contributed to improved energy intake regulation in this population. There was no
evidence that almonds lowered or raised subsequent energy intake at lunch or dinner;
however, almonds nearly prolonged pre-meal duration at dinner. Other properties of
almonds, such as total fat, fatty acids, or fiber content, may impact satiety response in
this population. Findings from this study indicate that in promoting regular
consumption of high fat, high energy foods such as almonds, a comprehensive dietary
assessment should record changes in the nutrient profile, eating patterns, and
displacement of other foods, as long-term almond supplementation significantly

impacts food consumption and eating patterns in free-living healthy individuals.
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CHAPTER 1
INTRODUCTION
A. Statement of thg Problem

The established association between habitual dietary patterns and health status
has prompted organizations such as the National Research Council, as well as other
authorities to issue dietary recommendations or guidelines for the public to promote
healthful eating and prevent disease. Foods and food groups such as grains, fruits,
vegetables, dairy products and meats have been incorporated into these
recommendations to help the public make healthful choices. Because of the growing
evidence of the cardio protective effect of nuts, examining the potential of nuts as a
healthy food choice for the larger population should be considered.

Epidemiologic and metabolic studies have shown that regular nut consumption
may protect against risk of heart disease and diabetes. The focus of nut research to
date has been on the beneficial effect of nut consumption on plasma lipoproteins,
plasma fatty acids, blood pressure, and the favorable or neutral effects on body weight.
The literature lacks investigations that examine the effect of long-term nut
consumption on the habitual diets of free-living healthy individuals.

B. Purpose of the Study
The purpose of this study was to evaluate the long-term effect of almond

supplementation on dietary and eating patterns, as well as satiety in free-living healthy

individuals.



C. Hypotheses

This study tested the following hypotheses: (1) the nutrient composition of
habitual diets change with long-term almond supplementation; (2) food intake,
snacking, and meal-skipping patterns change with long-term almond supplementation;
(3) almond consumption reduces the caloric intake and delays timing/starting of a
subsequent meal.
D. Research Questions

This study addressed the following research questions: (1) does long-term
almond supplementation improve the nutrient profile of the habitual diets of free-
living healthy individuals; (2) what nutrient displacement pattern is associated with
long-term almond supplementation; (3) what changes in eating patterns are associated
with long-term almond supplementation; (4) does almond consumption reduce the
caloric intake of a subsequent meal; (5) does almond consumption delay the intake of

a subsequent meal.



CHAPTER 2
REVIEW OF THE LITERATURE

A. Current Dietary Recommendations

The association between habitual dietary patterns and health status is well
recognized (Appel et al., 1997; Fung et al., 2001; Lauber & Sheard, 2001). Scientific
knowledge on the role of diet in health has prompted organizations such as the Food
and Nutrition Board, World Health Organization, as well as other authorities, to issue
dietary recommendations or guidelines for the public to promote healthful eating and
prevent disease (Anonymous, 1990; Committee on Diet and Héalth, Board, & Council,
1989; Haddad, 2001; Lauber & Sheard, 2001). These guidelines are primarily nutrient
based. Recognizing that people choose and eat foods rather than nutrients, nutrition
policies also provide food-based recommendations to help the public make healthful
choices. Food groups such as grains, fruits, vegetables, dairy products and meats have
been incorporated into some of the recommendations (Anonymous, 1990; Lauber &
Sheard, 2001). Because of the growing evidence of the cardio protective effect of nuts,
examining the potential of nuts as a healthy food choice needs consideration.
B. Health Benefits of Nuts

The high fat and high calorie profile of nuts have contributed to the previously
widespread message that regular nut consumption impacts health negatively. Many
health professionals as well as the public have in the past avoided them for these
reasons. Nutrition research, however, refutes these common stereotypes. Nuts contain

several bioactive compounds that probably confer cardiovascular benefits, such as



unsaturated fatty acids (Feldman, 2002; Sabate & Fraser, 1993; Sabate, Radak, &
Brown, 2001), copper (Klevay, 1992), arginine-rich amino acids (Kritchevsky,
Tepper, Czarnecki, & Klurfeld, 1982), dietary fiber, magnesium (Durlach &
Rayssiguier, 1993), tocopherols (National Research Council, 1989), phytosterols
(Ostlund, 2002), and other phytochemicals (Farquhar, 1996). The composition of nuts
is shown in Tables 1-2.

1. Evidence From Epidemiology

Frequent consumption of nuts has been shown to protect against risk of

coronary heart disease (CHD) in five large epidemiologic studies to date: The
Adventist Health Study (Fraser, Sabaté, Beeson, & Strahan, 1992), The lowa
Women’s Health Study (Kushi et al., 1996; Prineas, Kushi, Folsom, Bostick, & Wu,
1993), The Nurses’ Health Study (Hu et al., 1998), The Cholesterol and Recurrent
Events Study (Brown, Rosner, Willett, & Sacks, 1999), and The Physicians’ Health
Study (Albert, Gaziano, Willett, & Manson, 2002). Few authors (Fraser, 1999; Hu &
Stampfer, 1999; Kris-Etherton, Zhao, Binkoski, Coval, & Etherton, 2001; Sabate &
Fraser, 1993) have reviewed findings from these studies. A recent report showed that
higher nut and peanut butter consumption lowered risk of type 2 diabetes in women
(Jiang et al., 2002). Sabaté (1999) reviewed epidemiologic evidence that nut
consumption reduces risk of ischemic heart disease and increases longevity.

2. Evidence From Human Nutrition Studies

Several studies in well-controlled environments and studies with free-

living normal, hyperlipidemic and overweight subjects have shown that regular nut



consumption has favorable effects on plasma lipid profiles, as well as favorable or
neutral effects on body weight.

a. Effects on Plasma Lipoproteins. Twenty human studies to date
examined the effect of nut-containing diets on lipoprotein content in plasma.
Reductions in total cholesterol and low-density-lipoprotein (LDL) cholesterol were
reported with diets containing almonds (Abbey, Noakes, Belling, & Nestel, 1994;
Hyson, Schneeman, & Davis, 2002; Jenkins et al., 2002; Lovejoy, Most, Lefevre,
Greenway, & Rood, 2002; Sabate, Haddad, Tanzman, Jambazian, & Rajaram, 2003;
Spiller et al., 1998; Spiller et al., 1992), walnuts (Abbey et al., 1994; Almario,
Vonghavaravat, Wong, & Kasim-Karakas, 2001; Chisholm et al., 1998; Iwamoto et
al., 2002; Munoz et al., 2001; Sabate et al., 1993; Zambon et al., 2000), pecans
(Morgan & Clayshulte, 2000; Rajaram, Burke, Connell, Myint, & Sabate, 2001),
macadamia nuts (Colquhoun, Humphries, Moores, & Somerset, 1996; Curb,
Wergowske, Dobbs, Abbott, & Huang, 2000), peanuts (O'Byrne, Knauft, & Shireman,
1997), pistachio nuts (Edwards, Kwaw, Matud, & Kurtz, 1999), and hazelnuts (Durak
et al., 1999). Improvements in plasma lipoproteins also were observed in another
study that used a mixture of nuts as part of a mixed diet (Jenkins et al., 1997). Of
these, five were controlled feeding trials (Curb et al., 2000; Iwamoto et al., 2002;
Rajaram et al., 2001; Sabate et al., 1993; Sabate, Rajaram, Jambazian, Tanzman, &
Haddad, 2001), and the rest were conducted using free-living conditions. Few authors
have reviewed the findings from these studies (Feldman, 2002; Kris-Etherton et al.,

1999; Kris-Etherton et al., 2001; Sabate & Hook, 1996, Sabate, Radak et al., 2001).



b. Effects on Body Weight. Only three nut studies to date have
examined body weight as the primary outcome. One study found that incorporating
almonds in the diet each day for six months did not lead to significant changes in body
weight (Fraser, Bennett, Jaceldo, & Sabate, 2002). Another study investigated the
effects of peanuts on body weight by asking subjects to incorporate the nuts in the diet
with no dietary advice (free feeding) for 8 weeks, add the nuts to their customary diet
for 3 weeks (addition), and replace an equal amount of other fats in the diet for an
additional 8 weeks (substitution) (Alper & Mattes, 2002). The investigators found that
body weight gain significantly was lower than predicted during free feeding and
addition, and body weight was maintained during substitution. The third study, which
was a randomized, prospective 18-month trial for weight loss, found that a mixed diet
containing a combination of nuts offered improvements in weight loss (McManus,
Antinoro, & Sacks, 2001).

c. Potential Mechanisms. Several mechanisms for the cardioprotective
effects of nuts have been proposed, but only few have been examined. The fatty acid
profile of nuts was found to contribute partially to the total reduction in CHD risk
(Kris-Etherton et al., 2001) in an epidemiologic study. This effect may be due in part
to the high monounsaturated fatty acid content of nuts, which was shown to reduce
LDL oxidation (Hargrove, Etherton, Pearson, Harrison, & Kris-Etherton, 2001; Hyson
et al., 2002; Jenkins et al., 2002), and serum apolipoprotein B and/or lipoprotein (a)
(Jenkins et al., 2002; Rajaram et al., 2001; Zambon et al., 2000) in human subjects. In

a novel study, polyphenol extracts from walnuts were found to inhibit in vitro human



plasma and LDL oxidation (Anderson et al., 2001). Nuts may contain an array of
bioactive compounds also found in other plant foods, such as phytosterols, flavonoids,
tocotrienols, bioflavonoids, ellagic acid, and luteolin, which are thought to regulate a
variety of mechanisms that offer beneficial effects (Kris-Etherton et al., 2001).
Studies that elucidate these mechanisms are very limited.
C. Effect of Nut Consumption on Dietary Patterns

To date, the primary outcome of interest in most nut studies have been lipids,
and more recently body weight. Since dietary patterns were not the main focus of
these studies, most reports that described subsequent dietary changes, which occurred
after consuming a diet containing nuts, limited the characterization of the diet to
macronutrients and fiber. Jenkins et al (1997), however, assessed the changes in
energy, macronutrient, mineral and vitamin intake following a four-week dietary
intervention on serum lipids, and only one study assessed changes in food intake
following an 18-month dietary intervention for weight loss (McManus et al., 2001).

This section will review studies that described dietary patterns. Studies, which
compared (by -tesf) and reported intake of energy, fat, carbohydrate, protein, and
fiber during the control and intervention diets are shown in Table 3. Three feeding
studies examined the effect of substituting nuts for other fats (Chisholm et al., 1998;
Jenkins et al., 1997; O'Byrne et al., 1997), one study added the nuts to a foundation
diet (Spiller et al., 1998), one used free-feeding with nuts (Almario et al., 2001), and
one study studied the effects of addition, substitution and free-feeding with nuts on the

same subjects (Alper & Mattes, 2002). In the studies that used substitution, Jenkins et



al (1997) and O’Byrne et al (1997) reported decreases in energy and fat intake,
increases in carbohydrate and fiber, and either a decrease or increase in protein intake
during the nut-containing diets compared to the control diets. In the studies by
Chisholm et al (1998) and Alper et al (2002), intake of energy and fat, and protein
increased, carbohydrate decreased, and fiber intake either increased or did not change.
The direction of change in the intake of energy, fat, and carbohydrate in studies that
used addition and free-feeding with nuts was similar to those found by Chisholm et al
(1998) and Alper et al (2002). The magnitude of change in these studies differed due
to the study design and the amount of nuts used by the investigators.

It is important to note that although most of these feeding studies were
conducted in free-living conditions, investigators carefully provided dietary
instructions to all the study participants on how to incorporate the nuts into their
respective diets. These feeding studies not only introduced nuts into the diet as the
primary variable, but also imposed a prescribed reference diet that departed from the
individual’s habitual diet. This method of intervention prevents the ability to examine
subsequent dietary changes that occur naturally after introducing a single item to an
individual’s habitual diet. The only studies that gave no dietary advice were those that
used free-feeding with nuts, in which the control was the subjects’ habitual diet.

D. Approaches to a Comprehensive Assessment of Diets

Research on nuts following conventional investigations typically characterizes

diet in terms of nutrients, which appears to be the preferred method throughout the

nutrition literature. Foods (not nutrients) are what individuals eat. Since the effect of



diet on health is believed to occur mainly through the addition of foods rather than
nutrients, the assessment of diet in terms of foods or food groups is necessary. Certain
strengths and weaknesses are associated with each technique. Since nutrients can be
directly related to our fundamental knowledge of biology, the quantitation of diet in
terms of nutrient composition is advantageous. Food or food group representation is
useful when examining relationships with risk of disease, especially when a
hypothesis relating to a defined nutrient has not been formulated (Willett, 1998). The
latter becomes particularly important in light of the fact that foods are not only sources
of the currently known nutrients, but also are potential carriers of chemical substances
that remain to be identified (Mertz, 1984). Thus, examining diets at the level of
individual foods, food groups, and nutrients is important.

Recently, there has been great interest in finding alternative approaches to
examining the relationship between diet and disease risk. Dietary pattern analysis,
which examines the effects of the overall diet rather than individual nutrients or foods
(Hu, 2002), has been used to examine the relationship between dietary patterns (e.g.
Western diet) and disease risk (Fung et al., 2001; Tseng & DeVellis, 2001).
Alternatively, dietary quality indices have been developed to examine whether
adherence to current dietary guidelines lowers disease risk (Kant, Schatzkin,
Graubard, & Schairer, 2000).

Assessing diets by nutrients and/or foods have been valuable; however, free-
living people eat meals that combine a variety of foods with complex combinations of

nutrients, which may produce interactive or synergistic responses. The fact that the



timing of, the reasons for, and the manner in which meals are eaten vary within and
between individuals (Longnecker, Harper, & Kim, 1997) further complicates dietary
assessment.

Eating patterns have been examined primarily in observational and
correlational studies. To date, studies investigating the effect of an intervention on
eating patterns are very limited. Eating patterns can include the frequency of eating
episodes in a day, the timing and duration of traditional meals (breakfast, lunch, and
dinner) and snacks throughout the day, or the contribution of meal size, energy, and
nutrients to each eating episode. Some of these variables have been found to play a
role in energy intake (McCrory, Suen, & Roberts, 2002), blood glucose levels
(Westerterp-Plantenga, Kovacs, & Melanson, 2002), and in some instances, impact
body fatness (Wahlqvist, Kouris-Blazos, & Wattanapenpaiboon, 1999), and body
weight (Drummond, Crombie, Cursiter, & Kirk, 1998; Pearcey & de Castro, 2002) in
certain populations. These results, however, have not been consistent in free-living
individuals. In spite of these findings, eating pattern analysis has been relegated to a
minor role in the assessment of the overall diet.

E. The Role of Selected Nutrients on Energy Intake, Satiation and Satiety

Numerous studies have examined the role of dietary fat, protein and
carbohydrate on energy intake regulation (Burton-Freeman, Gietzen, & Schneeman,
997; de Graaf et al., 1997; Foltin et al., 1992; Green, Wales, Lawton, & Blundell,
2000; Hill, Leathwood, & Blundell, 1987; Kamphuis, Westertefp-Plantenga, & Saris,

2001; Lawton, Delargy, Brockman, Smith, & Blundell, 2000; Lawton, Delargy, Smith,

10



Hamilton, & Blundell, 1998; Rolls & Hammer, 1995). In general, these studies
suggest that specific nutrients regulate energy intake through their effects on satiation
and satiety. Satiation is the satisfaction experienced during the course of eating, which
results in the termination of eating. Possible indicators of satiation are the duration of
a meal and/or the size of the meal. Satiety, on the other hand, is a condition achieved
whereby further eating is inhibited, which results as a consequence of having eaten.
Satiety may be measured by the duration of time between meals/eating episodes
and/or the amount of food consumed at the subsequent meal (Burton-Freeman, 2000).

Some evidence support the notion that the ordering of macronutrients in its
effects on satiety (from greatest to smallest) is protein > carbohydrate > fat (Prentice
& Poppitt, 1996). Other findings suggest their effects are equivalent (de Graaf,
Hulshof, Weststrate, & Jas, 1992; Green et al., 2000; Rolls et al., 1991). Still others
have shown that oleic acid is less satiating than linoleic acid (Kamphuis et al., 2001;
Lawton et al., 2000).

Recently, there has been a growing interest in examining the effect of dietary
fiber on energy regulation. Dietary fibers enhance satiation through their ability to
add bulk and weight to the diet, and potentially displace other nutrients. The textural
qualities of dietary fibers also may reduce energy by increasing the work effort
necessary for mastication (Burton-Freeman, 2000). Dietary fibers also can enhance
satiety through its capability to form viscous colloidal dispersions when hydrated, and
potentially prolong gastric emptying, small bowel transient time, and the digestion and

absorption of fat and carbohydrate (Schneeman & Tietyen, 1994). A number of
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investigators have demonstrated greater satiety and satiation with dietary fibers
(Burley, Paul, & Blundell, 1993; Howarth, Saltzman, & Roberts, 2001). More recent
studies have shown partial suppression of total energy intake with consumption of
peanuts (Alper & Mattes, 2002; Kirkmeyer & Mattes, 2000) and almonds (Fraser et
al., 2002).
F. Summary

Because of the growing evidence of the beneficial effects of regular nut
consumption on cardiovascular health and body weight, it is very likely that nuts will
be encouraged as a healthy food choice. Examining nut consumption in intervention
studies should include questions about its effects on the intake of nutrients and other

foods, and eating patterns.
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Table 1. Composition of Nuts (per 100 g edible portion)'

Almonds Brazil Hazelnuts Macadamia Peanuts Pistachio Walnuts
Water (g) 525 334 331 1.36 6.50 3.97 4.07
Energy (kcal) 578 656 628 718 567 557 654
Protein (g) 21.26 14.34 14.95 791 25.80 20.61 }5.23
Total Fat (g) 50.64 66.22 60.75 75.77  49.24 44.44 65.21
Carbohydrate (g) 19.74 12.80 16.70 13.82 16.14 2797 13.71
Total Fiber (g) 11.8 5.4 9.7 8.6 8.5 10.3 6.7
Calcium (mg) 248 176 114 85 92 107 98
Magnesium (mg) 275 225 163 130 168 121 158
Copper (mg) 1110 1.7 1.725 0.756 1.144 1.300 1.586
Vitamin E (mg) 26.179  7.60 15.188 0537 . 9,130 4.584 2916
a-Tocopherol (mg) 25.87 15.03 0.54 8.33 2.30 0.70
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Table 1. Composition of Nuts (per 100 g edible portion) (Continued)

Almonds Brazil Hazelnuts Macadamia Peanuts Pistachio Walnuts
B-Tocopherol (mg) 0.43 0.33 0 0 0.15
y-Tocopherol (mg) 0.89 0 0 22.60 20.83
8-Tocopherol (mg) 0.25 0 0 0.80 1.89
Lysine (g) 0.601 0.541 0.420 0.018 0926 1.151 0.424
Arginine (g) 2.466 2.390 221 1.402  3.085 2.028 2.278
Phytosterols (mg) 120 96 116 220 214 72
Stigmasterol (mg) 4 1 0 5 1
Campesterol (mg) 5 6 8 10 7
B-Sistosterol (mg) 111 89 108 198 64

'US Department of Agriculture & Agricultural Research Service, 2002.



Sl

Table 2. Fatty Acid Composition of Nuts (per 100 g edible portion)’

Almonds  Brazil  Hazelnuts = Macadamia  Peanuts  Pistachio Walnuts
Total SFA 3.881 16.154 4.464 12.061 6.834 5.440 6.126
4:0 0 0 0 0 0 0 0
6:0 0 0 0 0 0 0 0
8:0 0 0 0 0 0 0 0
10:0 0 0 0 0 0 0 0
12:0 0 0 0 0.076 0 0 0
14:0 0 0.620 0 0.659 0.025 0 0
16:0 3.198 9.519 3.097 6.036 5.154 4.889 4.404
18:0 0.683 5.679 1.265 2.329 1.100 0.466 1.659
20:0 0 0.102 1.940 0.043 0.063
22:0 0 0 0.616 0.043 0
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Table 2. Fatty Acid Composition of Nuts (per 100 g edible portion) (Continued)

Almonds  Brazil  Hazelnuts Macadamia Peanuts  Pistachio Walnuts
24:0 0 0 0.281 0 0
Total MFA 32.155 23.016 45.652 58.877 24.429 23.319 8.933
14:1 0 0 0 0 0
16:1 0.234 0.324 0.116 12.981 0.009 0.463 0
18:1 31.921 22.382 45.405 43.755 23.756 22.686 8.799
20:1 0 0.062 0.131 1.890 0.661 0.170 0.134
224 0 0 0 0.233 0 0 0
Total PFA 12214  24.129 7.920 1.502 15.559 13.455 47.174
18:2 12214  23.807 7.833 1.296 15.555 13.201 38.093
18:3 0 0.062 0.087 0.206 0.003 0.254 9.080
20:5 0 0 0 0 0 0 0
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Table 2. Fatty Acid Composition of Nuts (per 100 g edible portion) (Continued)

Almonds  Brazil  Hazelnuts = Macadamia  Peanuts Pistachio = Walnuts
5 e 0 0 0 0 0 0 0
22:6 0 0 0 0 0 0 0
Phytosterols (mg) 120 96 116 220 214 72
Stigmasterol (mg) 4 1 0 5 1
Campesterol (mg) 5 6 8 10 7
B-Sistosterol (mg) 111 89 108 198 64

'US Department of Agriculture & Agricultural Research Service, 2002.
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Table 3. Effects of Nuts on Diet

Energy Fat Carbohydrate Protein Fiber
(kcal) (% of energy) (% of energy) (% of energy) (8)
Study and subjects Design Treatment Duration CD D D’ CD DD D’ CD ID D’ CD D DT CD ID D'
Studies using addition with nuts (ADD,
Spiller et al, 1998 Dietary advice, C Background + 4 wks 1852 1917 65 33 35 2 48 45 -3 15 17 2 18 26 8
33 females randomized, butter (28 g)
12 males controlled, cheese (85 g)
parallel arm 1 Background + 4 wks 1668 1703 35 34 39 5 47 44 -3 17 16 -1 15 25 10
almonds (100 g)
Background + 4 wks 2013 2183 170 28 35 7/ 52 47 -5 8 17 9 22 29 i
olive oil (48 g)
Studies using substitution with nuts for other fats (SUB,
Chisholm er al, 1998 Dietary advice, C Low-fat diet 4 wks
2171 2255 84 30 38 8 46 40 -6 19 17 2 30 30 0
21 males randomized, 1 Walnut diet 4 wks
Crossover walnuts (78 g)
Jenkins ef al, 1997 Dietary advice, C Habitual diet 2 wks
2327 2300 -27 29 25 -4 54 62 8 14 12 -2 29 64 35
3 females randomized, 1 Vegetable diet 2 wks
7 males Crossover nut mixture (100 g)
O'Byme et al, 1997 Dietary advice, C Low-fat diet 6 mos 1687 1446 -241 23 17 -6 60 63 3 19 22 3 14 Y7 3
36 females parallel arm I Low-fat diet + 6 mos 1848 1654 -194 34 26 -8 50 55 5 15 20 5 11 22 11

peanuts (35-68 g)
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Table 3. Effects of Nuts on Diet (Continued)

Energy Fat Carbohydrate Protein Fiber
(kcal) (% of energy) (% of energy) (% of energy) (8)
Study and subjects Design Treatment Duration CD 1D D’ CD ID D’ CD DD DT CD 1D D’ CD ID DI
Studies using free-feeding with nuts (FF)
Almario ef al, 2001 Crossover
13 females No dietary advice C Habitual diet 4 wks
1936 2333 397 31 37 6 51 47 -4 17 15 -2 19 21 2
5 males 1 Habitual diet + 6 wks
walnuts (48 g)
Dietary advice C Low-fat diet 6 wks
1590 1951 361 20 34 14 61 50 -11 19 16 -3 19 21 2
I Low-fat diet + 6 wks
walnuts (48 g)
Studies using addition, substitution, and free-feeding with mts
Alper et al, 2002 Crossover
7 females No dietary advice C Habitual diet 3 wks
8 males No dietary advice FF Habitual diet + 8 wks 2290 2460 170 31 39 8 56 48 -8 14 15 1 18 26 8
peanuts (89 g)
Dietary advice ADD  Prescribed diet + 3 wks 2290 2510 220 31 39 8 56 47 -9 14 17 3 18 29 11
peanuts (89 g)
Dietary advice SUB Prescribed diet + 8 wks 2290 2300 10 31 35 4 56 51 -5 14 17 3 18 28 10
peanuts (89 g)

Note: C = Control, I = Intervention, CD = Control diet, ID = Intervention diet, wks = weeks, mos = months.

'The difference (D = ID — CD) was calculated based on the means of CD and ID reported in the published studies.



CHAPTER 3

METHODS
A. Subjects

Three hundred men and women who responded to newspaper, radio, and

campus advertisements initially were screened by telephone for age, allergies to nuts,
body mass index (BMI), consumption of nuts, smoking status, and weight gain/loss
status (Appendix A). A second telephone screen established medical status, drug and
alcohol use, and physical activity (Appendix B). Finally, a third screening process
involved a face-to-face interview (Appendix C) with two investigators, and
questionnaires regarding dietary (Appendix D) and exercise habits (Appendix E).
Subjects were enrolled if they met the following inclusion criteria: age 25 and 70
years, did not smoke, had no known allergies to nuts, ate nuts less than twice a week
or ate less than 57 g (~2 0z) of nuts weekly, did not have more than 9 kg weight
change in the last six months, had BMI below the 95% percentile according to national
distributions for age, gender and race (Must, Dallal, & Dietz, 1991; US Department),
did not follow a very heavy exercise program, had no concurrent medical conditions
that might affect body weight, drank no more than two glasses of alcoholic beverage
per day, was not pregnant, or did not consume a very atypical diet. One hundred men
and women enrolled; 81 completed the study. Five withdrew because of
inconvenience; 3 women became pregnant, 2 moved out of the area, 3 were unable to
comply with the repeated telephone 24-hour recalls, 4 had gastrointestinal reactions to

almonds, 1 died of causes unrelated to nut consumption, and 1 was dropped because of
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a physician-recommended weight loss. The dropouts included 13 women (Mean BMI
=24.32 kg/m2, SD = 4.05) and 6 men (Mean BMI = 27.97 kg/m2, SD = 4.43), with
average age 40.4 years. Baseline characteristics of subjects who completed the study
are shown in Table 1.

B. Study Design

A multiple crossover design was used. Subjects were randomly allocated to
four groups based on stratification by age, sex, and BMI. Subjects were entered into
the study in staggered 3-month intervals, each period representing a particular season
of the year to offset any seasonal effects on diet and body weight. The first group
started in April, the second in July, the third in October, and the fourth in January
(Figure 1). In each quarter, equal numbers of subjects, with similar attributes (age,
sex, BMI), were enrolled to the habitual (control) and almond supplemented diets
(intervention).

In each group, subjects were followed for 12 months. The first six months
comprised the control phase, where all subjects followed their usual, self-selected diet
(habitual diet). Throughout the habitual diet period (HD), subjects attended four
clinics (0, 2, 4, and 6 months). Body weight and waist/hip circumferences were
assessed at the beginning of the study, and subsequently every two months; height was
taken at 0 months. Blood samples were collected to assess levels of magnesium,
leptin, total cholesterol, low density lipoprotein cholesterol (LDL), and high density
lipoprotein (HDL) cholesterol, and nitric oxide in plasma, and fatty acid content of

erythrocyte membranes at four and six months. Resting, fasting energy expenditure
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was obtained from each subject to measure basal metabolic rate (BMR). This was
performed once during the habitual diet at an early morning clinic using the
Sensormedics 4400 metabolic unit (Sensormedics, 1983-90). Subjects also completed
dietary and exercise questionnaires at each clinic, and a change in health status
questionnaire at the end of the habitual diet period. Although there was no
intervention during the habitual diet period, subjects’ diets were assessed by 24-hour
dietary recall, food diary, and food frequency questionnaire (described below).

The intervention phase occurred in the second six months of the study for all
subjects. There were three clinics during this period--at 8, 10, and 12 months. The
collection of anthropometric, resting, fasting energy expenditure, dietary data and
changes in health status was repeated as was done during the habitual diet period;
however, height was measured at 10 months, and blood samples were obtained at 8
and 12 months. At the end of the intervention period, subjects also completed three
psychological scales. The Eating Attitudes Test provided an index of symptoms of
anorexia nervosa (Garner & Garfinkel, 1979). The Three Factor Eating Questionnaire
identified restrained and unrestrained eaters (Stunkard & Messick, 1985), and the
Mood Assessment Scale assessed depression. A list of all the data obtained is
summarized in Table 2.

During the intervention phase, subjects were required to add almonds to their
habitual diets, thus this period will be referred to as the almond supplemented diet
(AD). The almond supplement was equivalent to fifteen percent of each subject’s

mean energy intake during the habitual diet. Subjects were assigned to one of three
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weight levels of nuts. Individuals whose energy intake was in the lowest tertile
received 1.5 oz, middle tertile 2 oz, and the highest 2.5 o0z. Subjects had a choice of
either the dry roasted or raw nuts, or both. Participants were asked to eat the almonds
daily with no restrictions on how and when to eat them. No dietary advice was given,
except to suggest simply that the almonds may be eaten with meals or as snacks, or
added to desserts or salads. Thus subjects ate the almonds as they thought best.

Each two months each subject was provided a large packaged supply of
almonds free of charge, distributed at clinic visits. The nuts were packaged for weekly
consumption, thus a week’s supply contained seven small packets, each labeled with
the amount of almonds (in grams) and the day of the week. This type of packaging
allowed subjects to carry the smaller packets conveniently in purses, or pockets, and
store the weekly packages in travel bags as necessary during vacations. The labels
also helped subjects to remember if the nuts were eaten for a particular day. In
addition, each was provided a large package of almonds for family members or friends
to ensure that the labeled packages would not be consumed other than by the subject.

Throughout the study, the research staff made frequent telephone calls (apart
from the 24-hour diet recalls) to subjects to remind them of clinic appointments or to
verify information. The staff also participated in discussions with participants during
clinic visits, acknowledged special occasions, and provided assistance with
transportation to and from the clinics, when necessary. These helped establish a
relationship of trust with the study participants. This was particularly valuable during

the intervention phase as it was important that the investigators knew if the almonds
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were not eaten for any reason at all, and that there would be no repercussion for doing
so. When subjects reported missing a day, they were advised to double up their
almond intake the following day. If they reported not eating the nuts for several days
due to illness, they were advised to resume eating the nuts gradually.
C. Dietary Assessment
1. Twenty-Four Hour Dietary Recalls

At the beginning of the study, a registered dietitian explained how the
telephone diet recalls would be conducted. Actual samples of foods, cups, glasses,
bowls and spoons, as well as the Food Portion Visual ™, were presented to assist
subjects in estimating portion sizes. Seven random order telephone 24-hour recalls (5
weekdays and each weekend day), one every three to four weeks, were obtained for
each diet period, thus a total of 14 diet recalls were collected for the duration of the
study. All recalls were unannounced and tape-recorded. Registered dietitians or
graduate students in nutrition obtained the recalls using Nutrition Data System version
2.8 ("Nutrition Data System Software," 1993). A second dietitian later reviewed a
random sample of the recordings and edited the recalls as needed. Data from dietary
recalls were used to examine the effect of almond supplementation on nutrient and
food intake patterns.

2. Food Diaries

During the 2" clinic visit of the habitual diet period, subjects were

given a 1-day (practice) food diary to record their food intakes (Appendix F). The

diary was a booklet containing detailed instructions and photographs of different
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servings of foods. For each eating episode, subjects were asked to define whether the
eating episode was a meal (breakfast, lunch, dinner) or a snack, to record in detail
every item that they ate or drank, the time they ate it, the amount they ate, and how the
food was prepared. The diary also included a series of 19-p0int appetitive rating
scales. Subjects were asked the following questions: 1) How hungry do you feel right
now? 2) How strongly is your desire to eat right now? 3) How full do you feel right
now? 4) How thirsty do you feel right now? 5) How pleasant was the meal you just
consumed? 6) How much food do you think you could eat right now? Self-ratings
were obtained either before and/or after each eating episode for hunger from Not at all
(1) to Extremely (19) hungry, desire to eat from Not at all (1) to Extremely (19) strong,
fullness from Not at all (1) to Extremely (19) full, thirst from Not at all (1) to
Extremely (19) thirsty, pleasantness from Not at all (1) to Extremely (19) pleasant, and
amount you could eat from A4 large amount (1) to Nothing at all (19).

After completion of the 1-day practice diary, research st.aff reviewed the diary,
and subjects were instructed if any recording errors were noted. For each diet period,
two food diaries (one Sunday, and one Wednesday) were obtained. Diaries were
collected at months 4 and 6 during the HD, and at months 8 and 12 during the AD.
Blank food diaries were mailed to each subject a week prior to the clinic visit, and
subjects were instructed to complete the diary on the day preceding the clinic. After
the completed diaries were submitted, the investigator reviewed the diaries and
contacted the subjects by phone when data from the diaries were missing or needed

clarification. Food diary data were entered and coded by the investigator using
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Nutrition Data System software package version 2.8 ("Nutrition Data System
Software," 1993). Data from food diaries were used to examine the effects of the
intervention on eating patterns and satiety.
3. Food Frequency Questionnaire

At the end of each diet period (6 and 12 months) each subject submitted
a diet questionnaire (Appendix G) during clinic, which assessed eating patterns and
food choices over the previous six months. Section A of the questionnaire asked about
the timing, location and duration of each meal, and the types of snack foods eaten.
Section B was a food frequency questionnaire (FFQ) with a list of 187 items, and
section C assessed the intake of vitamins, minerals and other dietary supplements. The
questionnaires were mailed a week prior to the clinic visit to avoid fatigue and to
minimize the number of activities during clinic visits.
D. Anthropometric Measurements

Body weight while fasting was measured using the Scale-Tronix electronic

scale (Abbey et al., 1994) calibrated at the beginning of each morning clinic using a
standard 122.9-pound weight. Subjects were instructed to have fasted 12 hours and
drunk no more than one cup of liquid prior to the morning of the clinic. Subjects were
weighed in light clothing and without shoes. Waist and hip circumferences were taken
while the subject was standing and breathing quietly, and unclothed, although close
fitting slip and underwear were allowed (Appendix H). Girdle or pantyhose was not

worn during this measurement. Waist was measured one-inch above the navel, and
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the hips at the largest point between the waist and thighs. All measurements were
made by trained research staff, and recorded to the nearest quarter inch.
E. Laboratory Procedures

Blood was drawn at 4, 6, 8, and 12 months. At each of these clinics, 4.5-ml of
blood was drawn into a vacutainer tube containing sodium ethylenediaminetetraacetic
acid (EDTA) from each subject after a 12-hour fast. Plasma was analyzed for
triglycerides, total cholesterol, LDL cholesterol, and HDL cholesterol, magnesium,
nitric oxide, and leptin. Total lipid was analyzed from erythrocyte membranes. Since
almonds are rich in oleic acid, the oleic acid content of erythrocyte membranes was
measured as an indicator of compliance. Lipids were extracted from plasma using
chloroform: methanol (2:1 v/v) (Folch, Lees, & Sloane-Stanley, 1957). Individual
lipid classes were separated by preparative thin-layer chromatography (Watkins et al.,
2001). Fatty acid methyl esters were separated and quantified by capillary gas
chromatography using a gas chromatograph (Hewlett-Packard model 6890,
Wilmington, DE) equipped with a 30 m DB-225MS capillary column (J&W
Scientific, Folsom, CA) and a flame-ionization detector (Watkins et al., 2001).
F. Assessment of Physical Activity

All subjects completed a short 4-item physical activity questionnaire at 0, 2, 4,
6, 8, 10 and 12 months, which assessed changes in the level of physical activity over

the last twelve months (Appendix I).
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G. Assessment of Basal Metabolic Rate

BMR was measured once during each diet period. Subjects were instructed to
fast and not to engage in any exercise immediately before the BMR test.
H. Change in Health Status

At the end of each diet period (6 and 12 months) subjects informed us about
changes in their health status by responding to questions about cigarette smoking,
recent diagnosis of any medical conditions, prescription drugs, or pregnancy
(Appendix J).
I. Statistical Analyses

1. Estimation of Nutrient Displacement

Let i be a nutrient. H; is the intake of a nutrient during the habitual diet;

S; is the amount of that nutrient contained in the almond supplement; and A, is the
intake of that nutrient during the almond supplemented diet. Since the almond
supplement methodologically was added to the habitual diet, the expected intake of
that nutrient in the supplemented diet is H; + S;. Displacement of that nutrient (D;) was
estimated by subtracting the observed intake of that nutrient in the supplemented diet,
A;, from the expected intake of that nutrient; thus, D; = (H; + S;) — A;. Percent
displacement was calculated by D;/S*100;. Dietary recall data was used for this
analysis.

2. Changes in Nutrient Profile

The arithmetic mean of the seven diet recalls from each diet period was

calculated, and paired # test was used to compare results from the habitual and almond
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supplemented diets. Statistical significance was defined by a = 0.05 (2-sided). Paired
t test was carried out using Statistical Analysis System for Windows version 8 ("SAS
for Windows Software Package," 1999). Data from dietary recalls was used for this
analysis.
3. Displacement of Food Groups

Complex food items were broken down into individual components.
Individual foods/components were then aggregated into separate categories using a
modified food group scheme (See Chapter 5, Table 1). The daily temporal distribution
of the amount and energy of selected food groups consumed during breakfast, lunch,
dinner, snacks, and in the overall diet was calculated by taking the arithmetic mean of
the seven diet recalls from each diet period. To determine which food groups were
displaced, changes (from the habitual to the almond supplemented diet) in the
consumption of foods during breakfast, lunch dinner, snacks, and in the overall diet
were calculated. Displacement occurs when there is a change in the contribution of
food groups to daily intake. Stepwise regression was used to determine which of the
selected food groups consumed during snacks were predictors of change in energy
intake. Dietary recall data was used to examine displacement of food groups.
Analyses were carried out using Statistical Analysis System for Windows statistical
software package version 8.("SAS for Windows Software Package," 1999)

4. Changes in Eating Patterns
Data from food diaries was used in the analyses. Two males each had a

missing diary; therefore, data from only 79 subjects were included in the analyses of
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