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ABSTRACT
Background: Increased consumption of nuts has been advocated
because of their health benefits, but the role of nuts in the treatment
of obesity is unclear given their high energy density.
Objective: This study was designed to evaluate the effects of a hy-
pocaloric, almond-enriched diet (AED) compared with a hypocaloric
nut-free diet (NFD) on body weight and cardiovascular disease risk
factors in the context of an 18-mo behavioral weight-management
program.
Design: Overweight and obese individuals [n = 123; age = 46.8 y,
BMI (in kg/m2) = 34.0] were randomly assigned to consume an
AED or NFD and instructed in traditional behavioral methods of
weight control. Anthropometric and metabolic measurements were
made at baseline, 6 mo, and 18 mo.
Results: Those in the AED group lost slightly but significantly less
weight than did those in the NFD group at 6 mo (25.5 compared
with 27.4 kg; P = 0.04), but there were no differences at 18 mo. No
significant differences in body composition were found between the
groups at 6 or 18 mo. The AED, compared with the NFD, was
associated with greater reductions in total cholesterol (P = 0.03),
total:HDL cholesterol (P = 0.02), and triglycerides (P = 0.048) at 6
mo, and no differences were observed between the groups at 18 mo.
Conclusions: The AED and NFD groups experienced clinically sig-
nificant and comparable weight loss at 18 mo. Despite smaller weight
loss in the AED group at 6 mo, the AED group experienced greater
improvements in lipid profiles. This trial was registered at clinical-
trials.gov as NCT00194428. Am J Clin Nutr 2012;96:249–54.

INTRODUCTION

The health benefits of nuts (1) have led policymakers to
recommend their regular consumption as part of a healthy diet
(2). Nut consumption has positive effects on various cardio-
vascular disease risk factors, including improvements in tri-
glycerides, total cholesterol (TC)5, and LDL cholesterol (3–5).
Moreover, nut consumption in observational studies is associ-
ated with a lower risk of developing coronary artery disease,
type 2 diabetes, and hypertension (6–11). Despite these benefits,
many individuals attempting to lose weight may consciously
avoid consuming nuts because of their high energy density.

Epidemiologic studies have shown a negative or inverse re-
lation between nut consumption and body weight (12–15).
Mechanisms underlying the relation between nut consumption
and weight are unclear but may be related to altered resting

energy expenditure, inefficient absorption of energy from nuts, or
increased satiety (16–18). In addition to epidemiologic evidence,
controlled feeding studies suggest that nuts do not promote
significant weight gain (4, 18–21).

Only 3 randomized studies have evaluated the effect of nut
consumption in the context of aweight-loss program.Wien et al (20)
randomly assigned 65 participants to consume a liquid formula–
based low-calorie diet (LCD) enriched with almonds or a liquid-
based LCD supplemented with complex carbohydrates and found
greater reductions in weight in the almond-enriched group. Li
et al (4) randomly assigned 59 participants following an LCD to
enrich their diet with either pistachios or pretzels and found no
differences in weight change between the groups. Finally,
Pelkman et al (21) compared weight-reduction outcomes for 53
participants prescribed a hypocaloric, low-fat (20% of energy)
diet or a hypocaloric, moderate-fat (35% of energy) diet enriched
with peanuts and found no differences in weight loss between
groups. Interpretation of previous findings, however, is limited by
their short duration (10–24 wk) and small sample sizes (n = 53–
65) (4, 20, 21).

In the context of an obesity pandemic (22) and a public health
call for increased nut consumption (2), data from larger samples
over longer durations are needed to assess the effects of nut
consumption in the context of obesity treatment. The purpose of
the current studywas to compare the effects of an almond-enriched
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diet (AED) with those of a nut-free diet (NFD) on body weight,
body composition, and cardiovascular disease risk factors in the
context of an 18-mo behavioral weight-management program in
overweight and obese participants. We hypothesized that the
AED would be associated with greater weight loss and im-
provements in cardiovascular disease risk factors than would the
NFD at 6 and 18 mo.

SUBJECTS AND METHODS

Participants

Participants were 123 adults (112 women, 11 men) with
a mean (6SD) age of 46.8 6 12.4 y and a BMI (in kg/m2) of
34.0 6 3.6. Inclusion criteria were an age of 18 to 75 y and a
BMI of 27–40. Participants were excluded if they had un-
controlled hypertension (defined as a blood pressure .180/
100 mm Hg), established cardiovascular disease or an inflam-
matory condition (eg, lupus), diabetes or use of antihyperglycemic
medications, dyslipidemia requiring prescription drug therapy
as defined by the National Cholesterol Education Program
Adult Treatment Panel III guidelines (23), or any known allergy
or sensitivity to nuts. Additional exclusion criteria were the use
of medications known to affect body weight or a weight loss of
�5 kg in the preceding 6 mo. Baseline characteristics of the
sample are described in Table 1.

Participant flow throughout the study is shown in Figure 1.
Participants who appeared, by a scripted phone screen, to meet
eligibility requirements were scheduled to meet with research

staff, who described the study’s nature and requirements, as-
sessed suitability for participation, and obtained written informed
consent. Study visits and treatment occurred at an outpatient
division of The Hospital of the University of Pennsylvania. The
study protocol was in accordance with the ethical standards of
the University and was approved by The University of Penn-
sylvania and Temple University’s Institutional Review Boards.

Treatment groups

Common protocol

Participants were randomly assigned, with the use of a random-
number generator, to follow either the AED or the NFD as de-
scribed below. During the first week of treatment, all participants
were instructed to maintain their usual eating and activity habits.
Thereafter, all participants were prescribed an LCD providing
1200–1500 kcal/d for women and 1500–1800 kcal/d for men.
Beginning in week 4, participants in both groups were encouraged
to walk for 20 min 4 times/wk, progressing to 50 min 4 times/wk
by week 19. Additionally, both groups were instructed in tradi-
tional behavioral methods of weight control, such as self-moni-
toring and stimulus control (24, 25). Groups met weekly for
20 wk, biweekly for the next 20 wk, and every 6 wk for the
remainder of 18 mo. The NFD and AED participants attended
separate treatment groups to promote adherence to the intervention.

Almond-enriched, low-calorie diet

Sixty-one subjects were assigned to receive the AED. Par-
ticipants were provided two 28-g packages of almonds (;24
almonds per package) to consume daily throughout the study,
which were distributed at their group meetings. Over the first 5
wk of treatment, participants received whole, raw almonds only.
At week 6, roasted almonds were introduced and, over time,
a variety of isocaloric, flavored almonds were used. This group
was instructed to abstain from alternative nut consumption. The
primary behavioral targets were adherence to the total energy
intake goal and consumption of 56 g almonds/d.

Nut-free, low-calorie diet

Sixty-two subjects were assigned to receive the NFD. These
participantswere instructed to abstain from the consumption of nuts
(eg, peanuts, peanut butter, cashews, macadamia nuts, walnuts, and
pistachios). The primary behavioral target was adherence to the
total energy intake goal.

Outcomes

To assess the short-term and long-term effects of an AED
relative to an NFD, outcomes were collected at baseline, 6 mo,
and 18 mo.

Weight

Body weight was measured on calibrated scales while the
participants were wearing light-weight clothing and no shoes.
Height was measured with a stadiometer at baseline only.

Plasma lipids and lipoproteins

Blood samples were obtained after subjects fasted overnight
(12 h). Plasma lipids were analyzed in a lipid laboratory that

TABLE 1

Baseline characteristics of the subjects1

Variable

Almond-enriched

diet (n = 61)

Nut-free

diet (n = 62)

Sex [n (%)]

Male 7 (11.5) 4 (6.5)

Female 54 (88.5) 58 (93.5)

Race-ethnicity [n (%)]

White 34 (55.8) 32 (51.6)

Black 21 (34.4) 27 (43.6)

Asian 0 (0) 1 (1.6)

Hispanic 1 (1.6) 2 (3.2)

Other 5 (8.2) 0 (0)

Age (y) 47.0 6 12.02 46.7 6 13.0

BMI (kg/m2) 33.9 6 3.5 34.0 6 3.7

Weight (kg) 94.0 6 13.1 91.5 6 11.9

Triglycerides (mg/dL)3 104.9 6 53.4 98.9 6 54.7

Cholesterol4

Total (mg/dL) 195.1 6 30.7 195.0 6 36.8

VLDL (mg/dL) 23.1 6 15.6 22.4 6 16.0

LDL (mg/dL) 115.1 6 26.2 110.3 6 28.2

HDL (mg/dL) 56.7 6 13.3 61.2 6 17.0

Total:HDL cholesterol 3.6 6 0.8 3.4 6 0.9

Systolic blood pressure (mm Hg) 123.8 6 15.0 122.4 6 17.6

Diastolic blood pressure (mm Hg) 72.2 6 9.9 69.6 6 9.6

Lean mass (kg) 56.2 6 9.2 53.9 6 6.9

Fat mass (kg) 37.8 6 7.4 37.6 6 7.4

1 There were no statistically significant differences between the 2 groups.
2 Mean 6 SD (all such values).
3 To convert values for triglycerides to mmol/L, multiply by 0.01129.
4 To convert values for cholesterol to mmol/L, multiply by 0.02586.
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participates continuously in the CDC Lipid Standardization
Program. Plasma HDL cholesterol and triglycerides were mea-
sured enzymatically on a Hitachi autoanalyzer with the use of
reagents from Sigma Chemical Co. VLDL-cholesterol and LDL-
cholesterol concentrations were directly measured by “beta-
quantification” after ultracentrifugation at a density of 1.006 g/mL
to separate VLDL.

Blood pressure

Blood pressure was assessed by using automated instruments
(Dinamap; GE Health Care) with cuff sizes based on measured
arm circumference. After the participants sat quietly for 5 min, 2
blood pressure readings were made separated by a 1-min rest
period. The average of the 2 readings was used to determine
blood pressure.

Body composition

Body composition was assessed by using dual-energy X-ray
absorptiometry (Hologic Discovery A, software 12.4) at baseline,
6 mo, and 18 mo.

Symptoms

We assessed symptoms with a checklist used in previous
weight-loss studies (26). The checklist contains 26 symptoms
rated as none, mild, moderate, or severe. Symptoms were cat-
egorized dichotomously as either absent (none) or present (mild,

moderate, or severe) because most symptoms were rated as none;
therefore, the data were not normally distributed.

Statistical analysis

Power and estimated sample size

To detect a 3% (SD = 5%) difference in body weight between
groups with 80% power and a 2-tailed a of 0.05, 45 participants
per group were required at the end of treatment.

Analyses

Between-group differences were assessed at baseline by using
independent-samples t tests or Wilcoxon’s rank-sum tests, as
appropriate, for continuous outcomes. Categorical outcomes were
assessed by using chi-square tests.

The primary analysis was an intent-to-treat linear mixed-effects
model, which assessed change in each outcome at 6 and 18 mo.
These models, which included time, treatment, a time-by-treatment
interaction, and the respective baseline value as principal explan-
atory variables, posited an unrestricted structure on the variance-
covariance matrix of the residuals for all 123 participants. These
analyses included all observed data for each variable on all
participants, regardless of attrition. Several sensitivity analyses
were conducted. The first was an analysis of covariance (initial
values as covariates) performed on all randomly assigned par-
ticipants who reached a particular visit (ie, 6 or 18 mo), regardless
of whether they subsequently dropped out of the study (ie, a
completers’ analysis). The second sensitivity analysis was an

FIGURE 1. Participant flow throughout a randomized trial of the effects of an almond-enriched, hypocaloric diet in the treatment of obesity.
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intent-to-treat linear mixed-effects model performed on absolute
values of the outcome, as opposed to changes in the outcome. The
results from these sensitivity analyses were similar to those of
the primary analysis in direction and significance. The results of
the primary analysis and the completers’ analysis are reported
here. Analyses were conducted by using SAS 9.2 (SAS Institute)
or SPSS 19.0 (SPSS).

RESULTS

Attrition

No statistically significant differences in attrition were found
between the 2 groups at 6 (P = 0.23) or 18 (P = 0.57) mo. The
attrition rates were 11.5% for the AED and 19.4% for the NFD
at 6 mo and 23.0% and 27.4% at 18 mo, respectively.

Attendance

No statistically significant differences in attendance were
found between the 2 groups at 6 (P = 0.67) or 18 (P = 0.41) mo.
Participants attended a mean of 15.7 6 5.9 of 22 sessions
(71.4%) at 6 mo and 22.9 6 10.3 of 35 sessions (65.4%) at 18
mo.

Body weight

The NFD group lost slightly but significantly more weight than
did the AED group at 6 mo (27.4 compared with 25.5 kg; P =
0.04) (Table 2). Both groups experienced small and similar (1%)
increases in weight between 6 and 18 mo. No significant dif-
ference in weight loss was found between the NFD (25.9 kg)
and AED (23.7 kg) groups at 18 mo (Figure 2). Similarly, the
completers’ analysis (n = 54 AED; n = 50 NFD) indicated
a significantly smaller weight loss in the AED (5.5% 6 4.9%)
than in the NFD (7.5% 6 4.9%) group at 6 mo (P = 0.047). At
18 mo, the completers’ analysis (n = 47 AED; n = 45 NFD)
showed no significant difference in weight loss between the AED
(4.7% 6 7.1%) and NFD (6.5% 6 7.1%) groups (P = 0.2226).

Body composition

No differences in changes in lean mass were found between the
AED and NFD groups at 6 or 18 mo (Table 2). The greater
reduction in fat mass observed in the NFD group was nearly
statistically significant at 6 mo (P = 0.06), but no significant
differences in changes in fat mass were found between the
groups at 6 or 18 mo.

Blood pressure

Systolic blood pressure decreased with weight loss in both
groups, but no between-group differences were found at 6 or 18
mo (Table 2). Similarly, no significant differences in diastolic
blood pressure were found between the 2 groups at 6 or 18 mo.

Plasma lipids and lipoproteins

Significantly greater reductions in triglycerides and TC were
found in the AED group than in the NFD group at 6 mo but not at
18 mo (Table 2). No differences in VLDL cholesterol, LDL
cholesterol, or HDL cholesterol were observed between the

groups at 6 or 18 mo. The ratio of TC to HDL cholesterol (TC:
HDL cholesterol) was significantly more improved in the AED
group than in the NFD group at 6 mo but not at 18 mo.

Symptoms

The most common symptoms reported at 18 mo were slug-
gishness/tiredness (37.4%), difficulty sleeping (21.9%), and
feeling tense (21.1%), but no significant differences in the
presence of 26 symptoms were found between the groups at 6 or
18 mo.

DISCUSSION

There were several principal findings. First, both the AED and
NFD groups experienced significant weight loss at 6 (7%) and 18
(5%) mo. These amounts of weight loss are similar to those
observed in other studies (4, 21) but less than that in one study

TABLE 2

Adjusted mean changes by treatment condition from baseline

to 6 and 18 mo1

Variable

Almond-enriched

diet

Nut-free

diet

P

value2

Weight (kg)

6 mo 25.5 6 0.6 27.4 6 0.7 0.04

18 mo 23.7 6 1.0 25.9 6 1.0 0.12

Triglycerides (mg/dL)

6 mo 212.1 6 4.6 1.0 6 4.6 0.048

18 mo 24.1 6 6.4 210.3 6 5.6 0.47

Total cholesterol (mg/dL)

6 mo 28.7 6 2.8 20.1 6 2.8 0.03

18 mo 3.7 6 3.5 5.8 6 3.1 0.64

VLDL cholesterol (mg/dL)

6 mo 22.4 6 1.5 1.4 6 1.5 0.07

18 mo 2.3 6 1.6 3.5 6 1.4 0.58

LDL cholesterol (mg/dL)

6 mo 25.4 6 2.9 20.2 6 2.9 0.21

18 mo 23.1 6 2.7 20.1 6 2.5 0.41

HDL cholesterol (mg/dL)

6 mo 0.4 6 1.1 20.6 6 1.1 0.52

18 mo 4.6 6 1.7 2.3 6 1.6 0.32

Total:HDL cholesterol

6 mo 20.2 6 0.1 0.04 6 0.1 0.02

18 mo 20.2 6 0.1 20.1 6 0.1 0.52

Systolic blood pressure (mm Hg)

6 mo 23.9 6 1.6 25.7 6 1.7 0.44

18 mo 23.2 6 2.1 23.6 6 2.0 0.89

Diastolic blood pressure (mm Hg)

6 mo 20.8 6 0.9 21.6 6 1.0 0.56

18 mo 0.7 6 1.1 21.3 6 1.0 0.19

Lean mass (kg)

6 mo 21.8 6 0.3 22.5 6 0.3 0.22

18 mo 21.4 6 0.4 22.4 6 0.4 0.09

Fat mass (kg)

6 mo 23.7 6 0.5 25.0 6 0.5 0.06

18 mo 23.0 6 0.8 24.0 6 0.8 0.39

1 All values are adjusted means 6 SEs. None of the variables had

a significant time-by-treatment interaction. A priori analyses were conducted

at 6 and 18 mo.
2 P values are for between-group differences based on linear mixed-

effects models; baseline values of the outcome, time, treatment, and a time-

by-treatment interaction were the principal explanatory variables.
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(20) that incorporated nuts into a weight-management program.
The greater weight loss seen in that study (20) could have been
the result of the inclusion of a portion-controlled (liquid formula)
diet in both groups or a low-carbohydrate diet in the nut group
only, both of which have been shown to have significant effects
on short-term weight loss without the incorporation of nuts
(27–29).

The NFD group experienced slightly (1.9%) but significantly
greater reductions in weight than did the AED group at 6 mo.
These findings were in the opposite direction of our hypothesis
and may be secondary to the NFD group choosing foods lower in
calories for snacks than nuts, which resulted in slightly greater
energy deficits. No statistically significant differences in body
weight were found between the groups at 18 mo. Whereas the
difference between the groups was approximately the same at 6
and 18 mo (1.5 kg compared with 1.8 kg), the variability was
greater at 18 mo. The clinical significance of the small difference
in weight between groups at 6 or 18 mo (;2%) is unclear,
particularly given the lack of differences in body composition
between the groups at either 6 or 18 mo. Both groups experi-
enced minimal weight regain (1%) between 6 and 18 mo. Given
that the frequency of the group sessions decreased over time,
adherence to both diets may have declined.

The second principal finding was that, despite the slightly
smaller weight losses at 6 mo in the AED group, triglycerides,
TC, and TC:HDL cholesterol improved more in the AED group
than in the NFD group. Specifically, the AED group had a 4%
greater reduction in TC and a 12% greater reduction in triglycerides
than did the NFD group at 6 mo. The changes are notable given that
baseline lipid profiles were close to optimal ranges, which left
a restricted range for improvement and/or differences between
groups.

A trend toward a greater reduction in VLDL cholesterol in
the AED group was observed at 6 mo, consistent with an effect (at
6 mo) of either reduced hepatic VLDL production or increased
VLDL lipolysis. Finally, at 6 mo, TC:HDL cholesterol decreased
significantly more in the AED group (20.2 6 0.1) than in the
NFD group (0.04 6 0.1), consistent with a cardioprotective
effect. As in our study, Wien et al (20) found reductions in LDL
cholesterol across groups but no differences between in-
tervention groups. In our sample, the effects of almonds on LDL
may have been attenuated by the effects of weight loss on LDL.

Furthermore, the elevated BMI in our sample may have limited
the potential cholesterol-lowering effects of nut consumption,
which pooled analyses suggest to be more effective in individuals
with a lower BMI (5).

Mechanistically, the compositional properties of almonds that
contribute to improvements in triglycerides and TC remain un-
clear; however, as above, they appear to be related to effects on
VLDL metabolism. Almonds are rich in unsaturated fatty acids,
which can influence VLDLmetabolism (30, 31). The reduction in
triglycerides and cholesterol might be expected to reduce car-
diovascular disease risk if maintained over a long time (32).

To our knowledge, this was the longest and largest study to date
on almond consumption in the context of a weight-management
program. Both groups achieved significant short-term weight re-
duction, which was generally maintained at 18 mo. Our study was
conducted primarily with female participants, so generalization to
males should be conducted with caution. It was also conducted
outside of a metabolic ward, precluding objective assessments of
dietary adherence, except weight loss. Whereas adherence to in-
take and activity were discussed in groups, data were not collected
in any standardized manner. Self-reported data have been shown to
be invalid when compared with objective measures such as doubly
labeled water (33). The differences in lipid profiles at 6 mo, in the
context of comparable weight loss, suggested that patients adhered
to the energy-deficit diet and to the instruction to consume almonds
(AED) or avoid nuts (NFD). The lack of lipid differences at 18 mo
suggests decreased adherence over time.

In conclusion, incorporating limited portions of almonds—an
energy-dense food—into a behavioral weight-loss program still
resulted in significant weight reduction.Moreover, despite a smaller
weight loss at 6 mo in comparison with the NFD group, the AED
group experienced greater improvements in cardiovascular
disease risk factors. There were no differences in weight loss or
cardiovascular disease risk factor outcomes between groups at 18
mo.
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