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Abstract

Almond consumption is associated with ameliorations in obesity, hyperlipidemia, hypertension, and hyperglycemia. The hypothesis of
this 12-week randomized crossover clinical trial was that almond consumption would improve glycemic control and decrease the risk for
cardiovascular disease in 20 Chinese patients with type 2 diabetes mellitus (T2DM) (9 male, 11 female; 58 years old; body mass index, 26
kg/m?) with mild hyperlipidemia. After a 2-week run-in period, patients were assigned to either a control National Cholesterol Education
Program step II diet (control diet) or an almond diet for 4 weeks, with a 2-week washout period between alternative diets. Almonds were
added to the control diet to replace 20% of total daily calorie intake. Addition of approximately 60 g almonds per day increased dietary
intakes of fiber, magnesium, polyunsaturated fatty acid, monounsaturated fatty acid, and vitamin E. Body fat determined with bioelectrical
impedance analysis was significantly lower in patients consuming almonds (almonds vs control: 29.6% vs 30.4%). The almond diet enhanced
plasma o-tocopherol level by a median 26.8% (95% confidence intervals, 15.1-36.6) compared with control diet. Furthermore, almond intake
decreased total cholesterol, low-density lipoprotein cholesterol, and the ratio of low-density lipoprotein cholesterol to high-density
lipoprotein cholesterol by 6.0% (1.6-9.4), 11.6% (2.8-19.1), and 9.7% (0.3-20.9), respectively. Plasma apolipoprotein (apo) B levels, apo
B/apo A-1 ratio, and nonesterified fatty acid also decreased significantly by 15.6% (5.1-25.4), 17.4% (2.8-19.9), and 5.5% (3.0-14.4),
respectively. Compared with subjects in the control diet, those in the almond diet had 4.1% (0.9-12.5), 0.8% (0.4-6.3), and 9.2% (4.4-13.2)
lower levels of fasting insulin, fasting glucose, and homeostasis model assessment of insulin resistance index, respectively. Our results
suggested that incorporation of almonds into a healthy diet has beneficial effects on adiposity, glycemic control, and the lipid profile, thereby
potentially decreasing the risk for cardiovascular disease in patients with type 2 diabetes mellitus.
© 2011 Elsevier Inc. All rights reserved.

1. Introduction

More than 20 million people have type 2 diabetes mellitus
(T2DM) in the United States and 135 million worldwide, and
the number unfortunately keeps growing mainly because of a
prevalence of overweight and obese populations. The burden
of health issue related to the DM patients is beyond that
resulting from diabetes-related complications. Because
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cardiovascular risk factors cluster in T2DM, these patients
have greater risk for cardiovascular disease (CVD) than
nondiabetic equivalents even when blood glucose levels are
under control [1]. The main components of T2DM include
hyperglycemia, oxidative stress, chronic mild inflammation,
and dyslipidemia; and they all are associated with increased
risk of CVD. The standard treatment for T2DM patients is to
control blood glucose and lipid profile in the recommended
ranges. Health-promoting lifestyle and dietary practices may
also help better manage diabetes-related complications,
particularly CVD because it accounts for greater than 70%
morbidity and mortality [2].

Tree nuts have become a healthy food, with support from
a growing body of epidemiologic evidence showing a strong
association of nut consumption to lower risk of CVD and
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diabetes [3-5]. This benefit may underlie the nut nutrients
that comply with the recommended dietary guidelines for
Americans and fit very well into a heart-healthy diet.
Particularly, nuts are rich sources of unsaturated fats, fiber,
minerals, and proteins [6]. Furthermore, epidemiologic and
clinical evidence has shown that their consumptions were
associated with improved hyperlipidemia and insulin
sensitivity, decreased inflammation and oxidative stress,
and reduced/maintained body weight [7]. The American
Diabetes Association also recommends inclusion of nuts into
the diet of diabetes to treat or manage CVD risk [8].

Almonds are the most consumed tree nut, with per capita
nut consumption at 1 1b/y in the United States [9]. Almonds
may be cardioprotective because they are excellent sources
of monounsaturated fats, a-tocopherol, dietary fiber, copper,
magnesium, arginine, plant sterols, and polyphenols [6,10].
Most almond studies in the literature have illustrated the
hypolipidemic effect of almonds in healthy subjects or
hypercholesterolemic patients. Regarding glycemic control,
Jenkins et al [11] found that almonds lowered postprandial
glucose excursion in healthy individuals. However, Lovejoy
et al [12] had found that almonds incorporated into a low- or
high-fat diet did not affect glycemia and lipid profiles of
American T2DM patients. In this controlled feeding study,
we aim to investigate the extent by which incorporation of
almonds into the National Cholesterol Education Program
(NCEP) [13] step II diet improves insulin sensitivity and
lipid profile in Chinese T2DM patients.

2. Materials and methods

2.1. Subjects

Thirty Chinese T2DM patients previously diagnosed by a
physician were recruited from the Endocrine Clinic of the
Taipei Medical University Hospital, Taiwan. Among them,
8 patients were not qualified for the study because they did
not meet all of the following eligibility criteria. The
eligibility criteria included (1) serum cholesterol greater
than 200 mg/dL or triglycerol greater than 150 mg/dL, free
of dietary restrictions/food allergies; (2) not receiving insulin
therapy; (3) not using medications or supplementations
known to alter lipid metabolism; (4) stable blood lipid and
sugar levels within 3 months before study; (5) no clinical
history of cardiovascular, hepatic, gastrointestinal, or renal
disease; (6) no alcoholism; and (7) no recent history of
smoking. All women were postmenopausal, and all subjects
were taking oral hypoglycemic agents. All participants were
asked to stay with the same medications and refrain from
nuts and supplements. Three-day dietary record, including 2
weekdays and 1 weekend day, was collected weekly from
the subjects to monitor dietary compliance and assess
nutrient intakes. The study protocol was approved by the
Institutional Review Board of the Taipei Medical University,
and written consent was obtained from each participant
before participation in the study.

2.2. Study design

In a 12-week randomized crossover trial with a 2-week
washout between alternative diets, subjects were assigned
to receive control or almond diet for 4 weeks after a 2-
week run-in period (Fig. 1). To diminish the impact of
background diet on study outcomes, patients consumed
meals prepared by the metabolic kitchen of Taipei Medical
University Hospital during dietary interventions. During
run-in and washout periods, the subjects consumed their
habitual diets without nuts; and a daily diet diary was used
to monitor the compliance. A registered dietitian instructed
all participants on how to select appropriate foods during
run-in and washout periods and prepare dietary records.
Four overnight-fast blood samples and anthropometric data
were collected from each participant before and after each
dietary treatment.

2.3. Diets

Meals for each patient were prepared to meet daily caloric
requirement to maintain body weight by the metabolic
kitchen of the Taipei Medical University Hospital. Caloric
adjustments were made as needed to maintain body weight
within 2 kg of each person’s initial value. Based on the
NCEP step II dietary guideline [13], the control diet was
designed to provide daily calories from carbohydrate,
protein, and fat at 56%, 17%, and 27%, respectively.
Furthermore, calories from saturated and polyunsaturated fat
were less than 7% and 10%, respectively; and cholesterol
content was less than 200 mg. The almond diet was prepared
by incorporating roasted, unsalted whole almonds with skins
into meals to replace 20% calories of the control diet.
Depending on the menus, almonds were either incorporated
into entrees and deserts or consumed as snack. On average, a
patient consumed 56 g of almonds a day. Almonds were
sweet almonds containing small amounts of cyanogenic
compounds [11]. They were generously provided by the
Almond Board of California. A 5-day menu rotation was
used to make food more appealing and palatable to the
participants throughout the study. The participants were
provided with all foods needed during the dietary interven-

Group A=—
Group Be«se
Randomization Crossover
Almonds Almonds
Run-in __ Wash-out
No nuts or dietary"-.. No nuts or dietary
supplements i Y supplements
Control Control
I 2wk 4wk 2wk 4 wk
Enroliment Blood collection

Fig. 1. Study design.



476 S.-C. Li et al. / Metabolism Clinical and Experimental 60 (2011) 474-479

tion. All meals were packaged for takeout. To assist with
compliance assessment, each participant completed a daily
food diary in which the patient recorded the study foods not
eaten, nonstudy foods eaten, and beverages consumed.
Nutrient compositions of the almond and control diets were
calculated using the Nutritional Chamberlain Line, Nutri-
tionist Edition, version 2002 (E-Kitchen Business, Taichung
City, Taiwan).

2.4. Anthropometric measurements

Body height, weight, and fat mass were assessed using a
body composition analyzer (X-SCAN PLUS; Jawon Med-
ical, Seoul, Korea). The subjects were dressed in light attire
and bare feet. They were also asked to empty their bladders
before the measurements to minimize the measurement
errors. This device uses the bioelectrical impedance method
with 8 electrodes placed on hands and feet (or ankles) and
multifrequency (1, 5, 50, 250, 550, 1000 kHz). The
percentage of body fat was estimated up to 0.1% using the
built-in experimentally derived algorithm. Body mass index
(BMI) was calculated as weight/height* (in kilograms per
square meter). After more than 10 minutes of rest in a quiet
room, blood pressure was determined using the automatic
blood pressure monitor FT-500 R (Jawon Medical).

2.5. Sample preparation and storage

After an overnight fast, blood was withdrawn with and
without anticoagulants (EDTA and NaF). Subsequently,
plasma was collected after centrifugation at 1400g for 10
minutes at 4°C. Aliquots of plasma and serum were prepared
and stored in —80°C for following biochemical measurements.

2.6. Glycemic control and lipid profiles

Glucose in NaF plasma was determined by an enzymatic
assay using a clinical chemistry analyzer (SYNCHRON LX
20; Beckman Coulter, Fullerton, CA). Insulin level in serum
was determined by an immunoassay (Mercodia, Uppsala,
Sweden). Insulin sensitivity was estimated using the
homeostasis model assessment (HOMA-OR) based on the
following formula: insulin x glucose/22.5, with insulin
expressed in microunits per milliliter and glucose in
millimoles per liter. Lipid profiles in serum were determined
with enzymatic assays using a clinical chemistry analyzer
(SYNCHRON LX 20).

Concentrations of apolipoprotein (apo) A-1 and apo B in
serum were measured using immunoturbidimetric immu-
noassays (Randox Laboratories, Antrim, United Kingdom).
Nonesterified fatty acids in EDTA plasma were determined
by an enzymatic assay (Randox Laboratories).

2.7. Plasma o-tocopherol

a-Tocopherol in EDTA plasma was determined using a
reverse-phase high-performance liquid chromatography
system equipped with a LiChroCART C-18 column (4 x
250 nm, 4 um; Perkin-Elmer, West Lafayette, IN) based on

the method of Bieri et al [14]. The concentration was
quantified at 292 nm after isocratic elution with the mobile
phase (1% H,O in methanol with 10 mmol/L lithium
perchlorate) at 1.0 mL/min.

2.8. Statistical analysis

Results are expressed as mean =+ standard error (SE).
Between-diet differences are expressed as median percentage
change and 95% confidence intervals. A Student ¢ test was
performed to assess nutrients between the almond and control
diet. A Student paired ¢ test was performed to evaluate the
difference between the baseline and washout values of study
outcomes, and the results showed that there were differences
between them. A repeated-measures analysis was performed
to analyze significance between treatment using PROC GLM
with treatment (almond vs control), sequence (almond-
control vs control-almond), period (1 vs 2), and subject as
variable. The effect of sex and its interaction with other
independent variables were insignificant; thus, they were
excluded in the model. Furthermore, LSMEANS was
performed to evaluate the significance in differences between
almond and control diet. Significance was considered at P <
.05 (2-tailed). All statistical analyses were performed using
SAS 9.1 (SAS Institute, Cary, NC).

3. Results
3.1. Participant characteristics

Twenty-two participants signed consent forms and began
the protocol; 20 patients completed the study with full
compliance. Two subjects were excluded from the study
because of noncompliance in consuming the study meals.
The characteristics of 20 subjects completing the study are
illustrated in the Table 1. All patients took hypoglycemia
agents but not insulin. Sex did not affect study outcomes.

3.2. Study diet

The nutrients of control and almond diet for an 1800-kcal
diet are illustrated in Table 2. The percentage of calories
from proteins was not different between the 2 diets.
However, the almond diet had 9.8% less calories from
carbohydrate and 9.9% more from fat than the control diet.
Particularly, the almond diet had 104% more monounsatu-
rated fatty acid (MUFA) calories. Furthermore, the almond
diet contained 64.8% and 400% more magnesium and o-
tocopherol than the control diet, respectively.

3.3. Anthropometry

Body weight and BMI were not altered by the diets, as
well as systolic and diastolic blood pressure. The body fat
was decreased by a median 1.8% (95% confidence intervals,
1.1-4.8) in the T2DM patients consuming the almond diet for
4 weeks compared with those taking the control diet (P =
.002) (Table 3).
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Table 1
Demographics and baseline values of blood biochemistries of the subjects

Subject no. 20 (9 M/11 F)
Age (y) 5842
Diabetic history (y) 8+ 1
Use of oral hypoglycemia medication (n) 20

Insulin treatment (n) 0

BMI (kg/m?) 26.0 +0.7
Body fat (%) 306+ 1.5
Systolic blood pressure (mm Hg) 131.0 £3.7
Diastolic blood pressure (mm Hg) 73.1 £2.6
Fasting glucose (mmol/L) 8.7+0.7
Fasting insulin (zU/mL) 153 +2.1
HOMA-IR 5.71+0.76
Total triglycerides (mmol/L) 1.6 £0.2
TC (mmol/L) 5.7+£0.2
LDL-C (mmol/L) 35+0.1
HDL-C (mmol/L) 1.3+0.2
LDL-C/HDL-C 3.1+03
Apo B (mg/dL) 137.8 £6.5
Apo A-1 (mg/dL) 1240+ 11.5
Apo B/apo A-1 0.06 + 0.03
Nonesterified fatty acid (mmol/L) 0.73 £ 0.06
Plasma o-tocopherol (umol/L) 27.8+2.5

Data are expressed as mean =+ SE.

3.4. Blood biochemistries

Because almonds are rich in a-tocopherol, the change in
plasma a-tocopherol serves as an index of compliance. The
almond diet enhanced plasma a-tocopherol level by 26.8%
(15.1-36.6) compared with the control diet (Table 3).

The almond diet significantly decreased fasting insulin
and glucose by 4.1% (0.9-12.5) and 0.8% (0.4-6.3),
respectively, as compared with the control diet. At the end
of the almond phase, HOMA-IR was 9.2% (4.4-13.2) lower
than that at the control phase.

Lipid profiles of the patients were improved by the
almond diet. The almond diet decreased total cholesterol
(TC), low-density lipoprotein cholesterol (LDL-C), and
LDL-C to high-density lipoprotein cholesterol (HDL-C)
ratio by 6.0% (1.6-9.4), 11.6% (2.8-19.1), and 9.7% (0.3-

Table 2
Nutrients of the control and almond diet, based on 1800 kcal/d

Nutrients Control diet ~ Almond diet P value®
Energy (kcal) 18023 +£52 1801.8+42 NS
Protein (% of energy) 16.6 £ 0.6 16.5+03 NS
Carbohydrate (% of energy) 56.8 + 0.4 47.0+£0.2 <.0001
Fat (% of energy) 26.6 +0.7 36.5+0.2 <.0001
Saturated fat (% of energy) 6.1 £0.5 6.1 +04 NS
Monounsaturated fat 8.1+0.5 16.5+0.4 <.0001
(% of energy)
Polyunsaturated fat (% of energy) 9.4+0.3 10.5+0.1 <.05
Fiber (g) 246+09  269+07 <.05

162.7+17.0 130.1 £13.6 NS
38+0.2 19.1£0.1 =.0001
201.9+48 332.7+39 <.0001

Cholesterol (mg)
a-Tocopherol (mg)
Magnesium (mg)

Nutrients were calculated using E-Kitchen program. Data are expressed as
mean + SE. NS indicates not significant (P > .05).
? P value tested by a Student ¢ test.

Table 3

Changes in BMI, blood pressure, body fat, glycemia control, lipid profile,
and plasma a-tocopherol of the T2DM patients consuming either control or
almond diet for 4 weeks

Control diet Almond diet P value®

BMI (kg/m?) 257+£0.7 258+08 .56
Blood pressure (systolic/diastolic)  125.6/72.8 124.1/70.6 48/.16

(mm Hg)

Body fat (%) 304+15  29.6+1.6 .002
Fasting glucose (mmol/L) 8.6+ 0.6 83+0.6 .0238
Fasting insulin (uU/mL) 13.8+1.2 127+ 1.1 .0184
HOMA-IR 52+0.6 4.6 £0.5 .0039
Total triglycerides (mmol/L) 1.6 £ 0.2 1.5+0.2 71569
Total cholesterol (mmol/L) 55+02 52+02 .0025
LDL-C (mmol/L) 34+0.1 3.0+0.2 0117
HDL-C (mmol/L) 12+0.1 12+02 .83
LDL-C/HDL-C 33+0.2 3.0+0.3 .0128

Apo B (mg/dL) 133.7+6.5 110.8+6.5 .0046
Apo A-1 (mg/dL) 121.2+103 121.2+113 .99
Apo B/apo A-1 0.06 £0.03 0.05+0.03 .0084
Nonesterified fatty acids (mmol/L) 0.73 £0.06 0.66 = 0.06  .008

Plasma o-tocopherol (umol/L) 258+2.0 31.8+25 <.0001

Data are expressed as mean + SE.
* P value for comparison between treatments tested by LSMEANS in
the PROC GLM model.

20.9), respectively, as compared with the control diet.
Furthermore, plasma apo B level and apo B/apo A-1 ratio
were decreased significantly by 15.6% (5.1-25.4) and 17.4%
(2.8-19.9), respectively. Plasma nonesterified fatty acid level
was significantly (5.5%, 3.0-14.4) lower in the patients
consuming the almond diet than those taking the control diet.

4. Discussion

Epidemiologic evidence has suggested that consumption
of nuts is associated with lower risk of CVD [4,5],
purportedly because their incorporation into a low-choles-
terol diet improved lipid profile beyond the effect of a low-
cholesterol dietary plan [15]. Our study provides another line
of evidence showing the benefits of almond consumption in
CVD-prone T2DM patients.

Our study showed that incorporation of almonds into
Chinese cuisine prepared following the NCEP step II dietary
guideline decreased TC, LDL-C, and the LDL-C/HDL-C
ratio, but did not affect TG and HDL-C, in Chinese T2DM
patients. Our results are in line with other previous studies
with either hypercholesterolemic patients or healthy subjects
[16-18]. Notably, the LDL-C level in our study was decreased
by 11% in subjects consuming 60 g/d almonds, which is
slightly better than the suggested 1% decrease by 7 g [16].
The improvements in lipid profiles were further substantiated
by the reductions in apo B and the apo B/apo A-1 ratio.
However, Jia et al [19] did not find that almond consumption
at 84 or 168 g/d for 4 weeks altered TC and TG in young male
Chinese smokers with normal cholesterol levels. Similar to
the Jia et al study [19], Lovejoy et al [12] did not find that



478 S.-C. Li et al. / Metabolism Clinical and Experimental 60 (2011) 474-479

incorporation of almonds into a low-fat or high-fat diet
altered TC and LDL-C in T2DM patients. Almond dosage
(current study vs Lovejoy: 20% vs 10% of energy),
background diet (Asian vs Western), and ethnicity (Chinese
vs American) might be accountable for the underlying factors
for the discrepancy in the benefits of almond consumption in
diabetes. Fiber, phytosterols, polyphenolics, and a high
unsaturated to saturated fat ratio [6,10] may be accountable
for the hypocholesterolemic effect of almonds.

Almonds are high-fat, energy-dense food. However,
observational and clinical studies have shown that almond
consumption was not associated with a higher BMI or weight
gain [20]. Consistent with the Fraser et al [21] study that
sowed that consumption of 56 g/d almonds (providing 320
kcal/d) for 6 months did not lead to a significant weight gain
in healthy people, our results showed that the almond diet did
not cause weight gain in Chinese T2DM patients. An
interesting finding of our study is that the almond diet
lowered body fat significantly by 0.8% as compared with the
control diet even though caloric intakes in this controlled
feeding trial were similar between the 2 diets. This
observation is in line with the Salas-Salvado et al [22]
study that showed that 30 g/d mixed nuts added to a
Mediterranean diet decreased central adiposity in patients
with metabolic syndrome in the absence of body weight
changes. Although the mechanisms for this reduction in
body fat remain to be examined, it is plausible that
bioaccessibility and bioavailability of almond lipids were
diminished by a physical barrier of cell walls [23].
Furthermore, absorbed almond oleic acid might facilitate
fat utilization by enhancing mitochondrial fatty acid
oxidation and thermogenesis through up-regulation of
uncoupling protein genes [24].

High postprandial glucose and insulin levels are a
particular concern for diabetic patients [25-28]. Although
almonds are rich in fat, they possess a low-glycemic index
and could alter the glycemic index of co-consumed foods
[11,29]. Jenkins et al [30] had reported in a clinical trial that
almond consumption decreased insulin secretion in nondi-
abetic hyperlipidemic patients. Thus, almond consumption
might not impose risk of high postprandial glucose level on
diabetic patients. However, to date, only 4 studies have been
reported that examined the effect of nuts on glucose and
insulin levels in T2DM or metabolic syndrome patients
[12,31-33]. Tapsell et al [31] reported that in T2DM patients,
long-term supplementation of walnuts decreased fasting
insulin levels, but did not alter hemoglobin A;.. Further-
more, Casas-Agustench et al [32] reported that a healthy diet
supplemented with 30 g/d of raw nuts (15 g walnuts, 7.5 g
almonds, and 7.5 g hazelnuts) for 12 weeks improved insulin
and HOMA-IR in metabolic syndrome patients as compared
with the healthy control diet. However, Lovejoy et al [12]
found that almond supplementation at 10% of daily caloric
intake in either a low-fat (25% calories from fat) or high-fat
(37%) diet did not alter glucose tolerance and insulin status
in T2DM patients. The potential improvement in glycemic

control might be offset by increased body weight with
almond consumption. In the other study, Scott et al [33]
compared the effect of a high—protein and MUFA diet with
almonds as the MUFA source (44%, 22%, and 25% calories
from fat, MUFA, and protein, respectively) to a contempo-
rary American Heart Association diet (30%, 15%, and 15%
calories from fat, MUFA, and protein, respectively) on
glycemic control and CVD risk factors in 17 patients with
metabolic syndrome or T2DM diabetes. They found that the
patients in both treatment groups improved their glycemic
control, possibly related to the weight loss observed with
both treatments. In this study, we found that almonds
replacing 20% calories of the control diet improved glycemic
control in Chinese T2DM patients, but did not reduce
glucose level to the unimpaired range (110-125 mg/dL [6.1-
6.9 mmol/L]). Subject ethnicity, background diet, and
almond dosage could somewhat contribute to the discrep-
ancy. Magnesium, fiber, MUFA, and polyphenols in
almonds are potential underlying contributors to the
improvement in glycemic control [34-37].

There are 3 limitations in the study. First, the sample size
is relatively small in this controlled feeding trial, so that our
results might not be readily generalized to the diabetic
population. Second, although almonds decreased fasted
blood glucose and insulin in the patients, an oral glucose
tolerance test is required to confirm their effect on insulin
actions. Third, because meaningful changes in hemoglobin
A, need a study duration of more than 1 month, its change
was not assessed in this study.

Because increased postprandial stress is a risk factor that
is associated with complications of insulin resistance, future
studies are warranted to assess the benefits of almond
consumption on lipid profiles and glycemic control after a
fat-rich meal. The mechanism of reduction in circulating
insulin level by almond consumption was not studied. It will
be worthwhile to determine C-peptide excretion, which is a
biomarker of insulin production.

Our study confirms the hypocholesterolemic effect of
almonds. We further demonstrate that incorporation of
almonds into an NCEP step II diet improved glycemic
control and decreased body fat in Chinese T2DM patients
with a borderline-high LDL-C level. Further studies are
warranted to examine whether such benefits are dependent
upon background diet, lifestyle, and ethnicity, as well as the
mechanism(s) contributing to improving glycemic control.
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