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Evidence suggests that eating nuts may reduce the risk of cardiovascular disease (CVD). We conducted a systematic review and meta-analysis
of randomized controlled trials (RCTs) evaluating almond consumption and risk factors for CVD. MEDLINE, Cochrane Central, Commonwealth
Agricultural Bureau, and previous systematic reviews were searched from 1990 through June 2017 for RCTs of >3 wk duration that evaluated almond
compared with no almond consumption in adults who were either healthy or at risk for CVD. The most appropriate stratum was selected with an
almond dose closer to 42.5 g, with a control most closely matched for macronutrient composition, energy intake, and similar intervention duration.
The outcomes included risk factors for CVD. Random-effects model meta-analyses and subgroup meta-analyses were performed. Fifteen eligible
trials analyzed a total of 534 subjects. AlImond intervention significantly decreased total cholesterol (summary net change: —10.69 mg/dL; 95%
Cl: —=16.75, —=4.63 mg/dL), LDL cholesterol (summary net change: —5.83 mg/dL; 95% Cl: —9.91, —1.75 mg/dL); body weight (summary net change:
—1.39kg; 95% Cl: —2.49, —0.30 kg), HDL cholesterol (summary net change: —1.26 mg/dL; 95% Cl: —2.47, —0.05 mg/dL), and apolipoprotein B (apoB)
(summary net change: —6.67 mg/dL; 95% Cl: —12.63, —0.72 mg/dL). Triglycerides, systolic blood pressure, apolipoprotein A1, high-sensitivity C-
reactive protein, and lipoprotein (a) showed no difference between almond and control in the main and subgroup analyses. Fasting blood glucose,
diastolic blood pressure, and body mass index significantly decreased with almond consumption of >42.5 g compared with <42.5 g. Almond
consumption may reduce the risk of CVD by improving blood lipids and by decreasing body weight and apoB. Substantial heterogeneity in eligible
studies regarding almond interventions and dosages precludes firmer conclusions.  Adv Nutr 2019;10:1076-1088.
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Introduction
Almonds contain a variety of nutrients and phytochemicals

“healthy” mono- and polyunsaturated fats that have been
shown to lower blood cholesterol concentrations and contain

that have individually been related to cardiovascular benefits
(1). Tree nuts, including almonds, are good sources of
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a variety of other potentially cardioprotective components,
such as dietary fiber, vitamin E, selenium, magnesium,
copper, potassium, S-sitosterol, and w-3 (n-3) fatty acids
(1). The qualified health claim for tree nuts and heart health
by the US FDA, passed in 2003, states, “Scientific evidence
suggests but does not prove that eating 1.5 ounces (42.5 g)
per day of most nuts, as part of a diet low in saturated
fat and cholesterol, may reduce the risk of heart disease”
(2). Four large epidemiologic cohort studies, namely the
Nurses’ Health Study (3), the Physicians’ Health Study (4),
the Adventist Health Study (5), and the Iowa Women’s Health
Study (6), have shown a clear inverse dose response between
nut consumption and coronary heart disease (CHD) risk (7).
In combined analyses of these cohorts, there was an average
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of 37% reduction in risk of CHD death or an average 8.3%
risk reduction of CHD death for each serving (42.5 g) of nuts
per week (8).

A serving of 42.5 g of almonds, ~35 almonds or a
1.5 handful, is packed with 246 calories and is also very
nutrient dense, containing 9 g of protein, 21 g of fat (13 g
from monounsaturated, 5 g from polyunsaturated, 2 g from
saturated), 9 g of carbohydrates and 5 g of fiber (9). In the
2017-2018 crop year, American almond consumption per
capita per year was reported to have increased from its 1980
value of 0.42 pounds (190.5 g) to 2.36 pounds (1070 g) (10).
Although almond consumption has increased dramatically,
this per-capita consumption would only yield a current daily
intake of as little as 2.93 g. This daily intake meets only
~7% of the FDA-qualified health claim of 42.5 g, which
translates into per-person almond consumption for only
25 d/y. Therefore, American almond consumption per capita
is well below the FDA-recommended daily serving size of tree
nuts.

Modifiable cardiovascular risk factors, including hy-
perlipidemia, inflammation, blood pressure, blood glucose
and insulin concentrations, metabolic syndrome, and body
weight/fat/composition have the potential to be favorably
altered by almond consumption (11). Even though a previous
systematic review examined the effect of almond consump-
tion on blood lipid concentrations, there has not been an in-
depth, critical, and comparative analysis of the contemporary
literature reporting on all biomarkers of cardiometabolic risk
(12). Given the evidence that individual nutrients found in
almonds are related to a decreased risk of cardiovascular
disease (CVD), the purpose of this systematic review is to
critically appraise and summarize the data related to almond
consumption and biomarkers of CVD risk.

Methods

Overview

This systematic review of the literature compared the
effects of almond consumption to no almond consumption
interventions on risk factors of CVD. The review followed the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidance on conduct and reporting of
systematic reviews (13). To evaluate the effect of almond
consumption, we applied the analytic framework (Supple-
mental Figure 1), addressing the relevant clinical outcomes
and biomarkers of CVD risk.

Data sources and study eligibility

We searched MEDLINE, the Cochrane Central Register of
Controlled Trials, and Commonwealth Agricultural Bureau
(CAB) Abstracts from 1990 through June 2017 for risk
factor outcomes of CVD, including blood pressure, fasting
blood glucose, and body weight. For lipid outcomes, the
same databases were searched between 2015 and June 2017.
Eligible studies for the outcomes of lipids published between
1990 and 2014 were obtained from a previous systematic
review (12). The electronic search strategy combined terms

for almond and risk factors for development of CVD (Sup-
plemental Table 1). The search was limited to randomized
controlled trial (RCT) design, the highest level of evidence,
which was also the design of interest in the previously
published systematic review. We supplemented with studies
identified in the bibliography of recovered articles.

Study selection criteria.

Six researchers screened citations in duplicate. Studies
accepted based on abstract screening were retrieved. Full-
text articles were screened in duplicate for eligibility. Dis-
agreements in screening and study selection were resolved by
consensus in group meetings.

We included English-language studies of almond inter-
ventions among adults (>18 y of age) who were either healthy
or had risk factors for CVD (e.g., dyslipidemic, diabetic,
or hypertensive) at baseline. The comparators of interest
were no almond consumption or dietary substitutions
containing no almond. The outcomes of interest were total
cholesterol (TC), LDL cholesterol, HDL cholesterol, LDL
cholesterol/HDL cholesterol, TC/HDL cholesterol, triglyc-
erides (TGs), blood pressure [systolic blood pressure (SBP),
diastolic blood pressure (DBP)], body weight, BMI, fasting
blood glucose (FBG), glycated hemoglobin Alc (HbAlc),
high-sensitivity C-reactive protein (hsCRP), apoA-I, apoB,
and lipoprotein (a) [Lp(a)].

The minimum study duration for all outcomes was 3 wk
and for blood glucose was 1 wk; no sample size restriction
was applied.

Study exclusion criteria.

We excluded studies conducted in animals, children, preg-
nant women, and any trials that involved a weight-loss or
lifestyle modification program. We excluded studies that did
not assess the effect of almond intervention on relevant
outcomes of interest, used statins in both intervention and
control, subjects with CVD at baseline, missing dietary
information, or study strata (multiple intervention or control
arms within a trial) that were not matched for energy intake
during the intervention (Supplemental Table 2).

Data extraction and quality assessment

Data from each study were extracted by 1 of 2 investiga-
tors (ML-B, LK) and confirmed by >1 other (JW). The
extracted data included: study design; baseline participant
characteristics; follow-up period; sample size; details of the
almond intervention and control (e.g., inclusion, exclusion
criteria and funding source) (Supplemental Table 3); pop-
ulation characteristics (Supplemental Table 4); all reported
outcomes of interest, duration, dose, diet comparisons,
methods of ensuring compliance, and reported adverse
reactions (Supplemental Table 5); and dietary information
(Supplemental Table 6).

We applied the Cochrane risk-of-bias tool for RCTs (14)
and nutrition-specific risk-of-bias items identified from a
critical appraisal of systematic reviews in nutrition (15). We
assessed the methodologic quality of each study outcome
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based on predefined criteria, in accordance with the Agency
for Healthcare Research and Quality recommendations for
systematic reviews (16). Risk of bias for individual domains
was assessed in duplicate and discrepancies were resolved
by consensus in group meetings with senior investigators
(Supplemental Table 7).

Data synthesis

The main analysis included all studies that had an almond
intervention, compared with no almond, and assessed similar
outcomes. Multiple intervention or control arms within a
trial are referred to as strata hereinafter. We extracted the
mean baseline values and measures of variance (SD or SE) in
both intervention and control. We estimated net differences
for each continuous outcome through the use of the following
equations:

net change = [Almondgin, — Almondiyitial]
— [Controlgj, — Controlyiial]
in cases of randomized parallel controlled trials;
net change = [Almondging — Controlpina] ,

in cases of randomized crossover trials.
We calculated the SE of net change from the formula:

SENetChange =

2 2
\/SEchunge within—Almond~ + Sthumge within—control

In addition, for blood lipids (TC, LDL cholesterol,
HDL cholesterol, and TG), we estimated the percentage
net changes in comparison with baseline values. We col-
lected data for lipid ratios (TC/HDL cholesterol and LDL
cholesterol/HDL cholesterol) when reported, but we did not
estimate ratios from individual results. For outcomes that
did not have sufficient quantitative data (e.g., HbAlc), results
were synthesized qualitatively.

Main analysis.

We performed both fixed-effects and random-effects model
meta-analyses when >3 studies reported the same outcome.
We presented results of random-effects meta-analysis as this
model can estimate the mean of a distribution of true effects
(16). We tested between-study heterogeneity with the Q
statistic (significant when P < 0.10) and quantified its extent
with ? (17). > > 50% was deemed as having significant
heterogeneity. When trials reported multiple strata, but
shared either a common intervention or a common control
group, we examined all available groups in separate meta-
analyses. When trials examined different doses of almond
or different intervention durations, in the main analysis, we
included the strata closest to an almond dose of 42.5 g, and
with similar intervention duration across studies.

Subgroup and sensitivity analyses.

When appropriate, we performed subgroup meta-analyses by
healthy compared with at risk of CVD at baseline; almond
dose (<42.5 g or >42.5 g); almond intervention duration
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(<6 wk or >6 wk); and almonds consumed alone compared
with almonds mixed with foods. The specific cutoffs for
the subgroup analyses were established for the following
reasons: healthy compared with at risk of CVD at baseline
was determined to evaluate if baseline health status had an
effect on outcomes; <42.5 g or >42.5 g was based on FDA-
recommended intake for nut consumption; <6 wk compared
with >6 wk duration of intervention was decided as the
duration to stabilize an intervention effect on lipid outcomes
[generally, it takes at least 3-4 wk to observe an effect on
lipids (18)]. Additional subgroups were explored to assess
their effects on the outcomes including consumption of
almonds alone compared with almonds mixed with foods,
and plasma lipids compared with serum lipids. Subgroup
analyses required >3 strata in a subgroup and were not
performed when there were insufficient numbers of studies.
To explore potential heterogeneity, sensitivity analysis was
conducted to exclude 1 trial with medicated participants
[Supplemental Table 8 (19)]. Sensitivity analyses were also
conducted by including [Supplemental Table 9 (20-23)]
and by excluding other strata that were not relevant (22,
24-26). We also assessed the impact of each study on the
combined effect by leaving out 1 study at a time (data
not shown). Random-effects meta-regression was performed
to assess the impact of study-level variables (mean age,
percentage male, and almond dose) on the outcome of
interest. All analyses were performed with R statistical
software (meta).

Results

The literature search retrieved 104 unique citations identified
through searches, 31 of which were assessed for eligibil-
ity as full-text articles. In total, 15 RCTs were eligible
(Figure 1); Table 1 describes the study and participant
characteristics at baseline (19-33).

Qualitative review

HbAIc.

Two trials analyzed a total of 51 participants with type 2
diabetes and reported the effect of almond intake on HbAlc
measurements [Table 2 (19, 20)]. HbAlc was reported in
2 trials: a 12-wk parallel trial with 21 subjects with type 2
diabetes taking medication (19), and a 4-wk crossover trial
with 30 subjects with type 2 diabetes not taking medication
(20). Neither study found a difference in HbAlc between
groups.

Description of trials included in meta-analysis

Fifteen RCTs analyzed a total of 534 subjects (19-33). Seven
studies were parallel, randomized trials (19, 22, 23, 26, 27,
31, 33) and the rest were crossover designs (20, 21, 24, 25,
28-30, 32). Three studies enrolled 100% female subjects (26,
27,29) and 1 study enrolled 100% male subjects (23). Eight
studies enrolled generally healthy participants (21-23, 26—
29, 33) and the remaining 7 studies enrolled participants
who were at a higher risk of CVD (19, 20, 24, 25, 30-32).
The study durations included in the meta-analysis ranged
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FIGURE 1 Study flow diagram depicting the review process following the Preferred Reporting Items for Systematic Reviews and

Meta-Analyses.

between 4 and 16 wk; in crossover studies, the washout
period ranged between 5 d and 3 wk. Only 1 crossover study
did not include a washout period (21). The dose of almond
intake ranged between 25 and 100 g/d. Two studies reported
the dose of almond intake as a percentage of total energy and
reported a range for almond dose (20, 24). The majority
of the studies compared almond intake with no almond
intake, except for 6 studies in which the control involved a
substitution that varied considerably across studies [Table 1
(20, 24-26, 28, 31)]. Nine studies examined almonds alone;
3 studies examined almonds incorporated into snack foods
such as muffins, cookies, or trail mix (20, 25, 26). Six studies
used raw almonds (24, 25, 27-29, 31), 2 studies used roasted

almonds (22, 30), 1 study used either raw or roasted (33), and
5 studies did not specify between raw and roasted (19-21, 23,
26). Two studies incorporated the almonds either into meals
or provided them on their own (21, 30), and 1 study used
almond powder, but did not mention how it was consumed
(32). Nine of the studies were conducted in the United States,
2in Iran, and 1 each in Canada, Spain, Taiwan, and Scotland
(Table 1). All trials reported the effect of almond intake on TC
and LDL cholesterol, except for 2 studies that focused only on
changes in body weight or BMI (23, 29). Overall, reporting of
adequate randomization was high, except for 5 studies that
did not report a method of randomization (20, 23, 25, 26,
30). Reporting of participant and outcome assessor blinding,
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TABLE2 Study design and participant characteristics of trials in qualitative review for HbA1c measurements'

Author, year Study design, nenrolled (n Mean BMI,
(ref) Country (duration) analyzed) Male,% Mean age, y kg/m? Ethnicity Co-conditions Almond, g/d  Diet comparisons
Lovejoy et al,, USA RCTC (4 wk) 34 (30) 43 542 330 NR Type 2 diabetic, 57-113 (10% of  High-fat diet with almonds
2002 (20) not medicated total energy) vs. high-fat diet without
100% almonds
Sweazea et al,, USA RCTP (12 wk) 24(21) 43 i:58;¢:55 i:37.2;¢:335 NR Type 2 diabetic, 43 Customary diet with
2014 (19) medicated almonds vs. customary

100% diet without almonds

T¢, control; HbA1c, glycated hemoglobin; i, intervention; NR, not reported; RCTC, randomized controlled trial, crossover; RCTP, randomized controlled trial, parallel; ref, reference.

’Includes 4 drop-out participants.

allocation concealment, and intention to treat analysis was
unclear in most studies (Supplemental Table 7).

Meta-analysis results
Blood lipids.

TC. Meta-analysis of 13 trials (491 subjects in total)
showed a significant decrease in TC with almond in-
tervention compared with control (summary net change:
—10.69 mg/dL; 95% CI: —16.75, —4.63 mg/dL) (Figure 2),
but with a significant heterogeneity (I° = 67%, P < 0.01). The
summary estimates remained significant for the following
subgroups: at increased risk for CVD at baseline and
healthy at baseline; >42.5 g and <42.5 g; <6 wk (Table
3); almonds consumed either alone or mixed with foods;
and for TC analyzed in plasma or serum (Supplemental
Table 10). There was no difference in summary estimates
between almond compared with control for >6 wk of almond
intervention.

Almond Dose Time Point

Author Year n (g/d) (wk)
Berryman et al. (28)* 2015 48 43 6
Abazarfard et al. (27) 2014 100 50 12
Sweazea et al. (19) 2014 20 43 12
Tan and Mattes (22) 2013 55 43 4
Damasceno et al. (24)* 2011 18 22%** 4
Li et al. (30) 2011 20 56 4
Wien et al. (33) 2010 65 60 16
Kurlandsky and Stote (26) 2006 23 60 6
Tamizifar et al. (32) 2005 30 25 4
Sabate et al. (21) 2003 25 34 4
Jenkins et al. (25)* 2002 27 37 4
Lovejoy et al. (20)* 2002 30 10%** 4
Spiller et al. (31)* 1998 30 100 4

Fixed effect model
Random effects model
Heterogeneity: /2 = 67%, 1° = 72.2265, P<0.01

LDL cholesterol. Meta-analysis of 13 trials (491 subjects in
total) showed a significant decrease in LDL cholesterol with
almond intervention compared with control (summary net
change: —5.83 mg/dL; 95% CI: —9.91, —1.75 mg/dL) (Figure
3), but with a significant heterogeneity (I = 61%, P < 0.01).
The summary estimate of studies remained significant for
subjects who were at increased risk for CVD at baseline;
<42.5 g dose; <6 wk (Table 3); and for LDL cholesterol
analyzed in serum (Supplemental Table 10). There was no
difference in summary estimates between almond compared
with control for the following subgroups: healthy at baseline;
>42.5 g almond intervention; >6 wk; method of almond
consumption; and for LDL cholesterol analyzed in plasma.

HDL cholesterol. Meta-analysis of 12 trials (461 subjects
in total) showed a significant decrease in HDL cholesterol
with almond compared with control (summary net change
—1.26 mg/dL; 95% CI: —2.47, —0.05 mg/dL) (Figure 4), but
without heterogeneity (I> = 16%, P = 0.29). The summary

Net Change (95% CI) Net Change [95% CI]
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FIGURE 2 Forest plots of almond intake on blood lipids: TC. *Control involves a substitution. **Dose as a percentage of energy intake, not

in grams per day. TC, total cholesterol.
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Almond Dose Time Point

Author Year n (g/d) (wk)
Berryman et al. (28)* 2015 48 43 6
Abazarfard et al. (27) 2014 100 50 12
Sweazea et al. (19) 2014 20 43 12
Tan and Mattes (22) 2013 55 43 4
Damasceno et al. (24)* 2011 18 22%** 4
Li et al. (30) 2011 20 56 4
Wien et al. (33) 2010 65 60 16
Kurlandsky and Stote (26) 2006 23 60 6
Tamizifar et al. (32) 2005 30 25 4
Sabate et al. (21) 2003 25 34 4
Jenkins et al. (25)* 2002 27 37 4
Lovejoy et al. (20)* 2002 30 10%** 4
Spiller et al. (31)* 1998 30 100 4

Fixed effect model
Random effects model
Heterogeneity: /% = 61%, 1% = 26.9334, P<0.01

-60

Net Change (95% Cl) Net Change [95% Cl]
—H -6.00 [-11.88; -0.12]

e 0.98 [-247; 4.43]

- 503 [-22.11; 32.17]

—— 0.20 [-13.25; 13.65]

i -6.06 [-15.77; 3.65]
e -15.47 [-28.60; -2.34]
—_— -11.00 [-27.56; 5.56]
— -1.16 [-6.08; 3.76]

— -22.00 [-32.92; -11.08]
— -154 [-17.45; 14.37)
— -4.64 [-14.14; 4.86)

— 271 [-10.29; 4.87]
—_— -33.00 [-55.75; -10.25]
o -3.03 [-5.14; -0.92]

| | < | | -5.83 [-9.91; -1.75]
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Favors Almond Intake Favors Control

LDL~C (mg/dL)

FIGURE 3 Forest plots of almond intake on blood lipids: LDL cholesterol. *Control involves a substitution. **Dose as a percentage of

energy intake, not in grams per day. LDL-C, LDL cholesterol.

estimates remained significant for the <6 wk of almond
intervention. There was no difference in summary estimates
between almond compared with control for the following
subgroups: healthy at baseline or at risk for CVD at baseline;
<42.5 g or >42.5 g almond intervention; >6 wk; almonds
consumed either alone or mixed with food; and for HDL
cholesterol analyzed in plasma or serum.

TGs. Meta-analysis of 12 trials (461 subjects in total)
showed no difference in TGs with almond intervention com-
pared with control (summary net change: —11.63 mg/dL;
95% CI: —23.47, 0.21 mg/dL) (Figure 5), but with a

Almond Dose Time Point

Author Year n (g/d) (wk)
Berryman et al. (28)* 2015 48 43 6
Abazarfard et al. (27) 2014 100 50 12
Sweazea et al. (19) 2014 20 43 12
Tan and Mattes (22) 2013 55 43 4
Damasceno et al. (24)* 2011 18 22%** 4
Li et al. (30) 2011 20 56 4
Wien et al. (33) 2010 65 60 16
Kurlandsky and Stote (26) 2006 23 60 6
Tamizifar et al. (32) 2005 30 25 4
Sabate et al. (21) 2003 25 34 4
Jenkins et al. (25)* 2002 27 37 4
Lovejoy et al. (20)* 2002 30 10%** 4

Fixed effect model
Random effects model
Heterogeneity: /> = 16%, 1 = 0.6921, P=0.29

-15 -10

FIGURE 4 Forest plots of almond intake on blood lipids: HDL cholesterol. *Control involves a substitution.

energy intake, not in grams per day. HDL-C, HDL cholesterol.

significant heterogeneity (I? = 71%, P < 0.01). There was no
difference in summary estimates between almond compared
with control in any of the subgroups (Table 3), except when
almonds were consumed alone (Supplemental Table 10).

TC/HDL cholesterol. Meta-analysis of 5 trials (235 sub-
jects in total) showed no difference in TC/HDL cholesterol
with almond compared with control (summary net change:
—0.30; 95% CI: —0.62, 0.02 mg/dL) (Supplemental Figure
2), and with significant heterogeneity (> = 77%, P < 0.01).
The main summary estimate of studies was significant for
the subgroup of <42.5 g dose (summary net change: —0.28;

Net Change (95% Cl) Net Change [95% Cl]
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Almond Dose Time Point

Author Year n (g/d) (wk)
Berryman et al. (28)* 2015 48 43 6
Abazarfard et al. (27) 2014 100 50 12
Sweazea et al. (19) 2014 20 43 12
Tan and Mattes (22) 2013 55 43 4
Damasceno et al. (24)* 2011 18 22%** 4
Li et al. (30) 2011 20 56 4
Wien et al. (33) 2010 65 60 16
Kurlandsky and Stote (26) 2006 23 60 6
Tamizifar et al. (32) 2005 30 25 4
Sabate et al. (21) 2003 25 34 4
Jenkins et al. (25)* 2002 27 37 4
Lovejoy et al. (20)* 2002 30 10%** 4

Fixed effect model
Random effects model
Heterogeneity: I* = 71%, 1° = 252.0873, P<0.01

Net Change (95% Cl) Net Change [95% Cl]
- -6.00 [-21.68; 9.68]
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FIGURE 5 Forest plots of almond intake on blood lipids: triglycerides. *Control involves a substitution. **Dose as a percentage of energy

intake, not in grams per day.

95% CI: —0.49, —0.07) (Table 3) and for TC/HDL cholesterol
analyzed in plasma (Supplemental Table 10). There was no
difference in any of the other subgroups.

LDL cholesterol/HDL cholesterol. Meta-analysis of 6
trials (168 subjects in total) showed no difference in LDL
cholesterol/HDL cholesterol with almond compared with
control (summary net change —0.11; 95% CI: —0.23; 0.00)
(Supplemental Figure 3), and without heterogeneity
(P = 0%, P = 0.75). The summary estimate of studies
was significant for the subgroup of <42.5 g dose (summary
net change: —0.16; 95% CI: —0.32, —0.01) (Table 3) and
when almonds were consumed alone (summary net change:
—0.18; 95% CI: —0.34, —0.02) (Supplemental Table 10).
There was no difference in any of the other subgroups.

Other biomarkers of CVD risk.

Meta-analysis of 11 trials (432 subjects in total) showed
significant decrease in body weight in almond, as compared
with control (summary net change: —1.39 kg; 95% CI:
—2.49, —0.30 kg) (Supplemental Figure 4) and without
heterogeneity (I? = 0%, P = 0.87). The summary estimate
of studies remained significant for healthy at baseline;
>42.5 g dose; and >6 wk (Table 3). Meta-analysis of
5 trials (138 subjects in total) showed a significant decrease
in apoB with almond compared with control (summary
net change —6.67 mg/dL; 95% CI: —12.63, —0.72 mg/dL)
(Supplemental Figure 5), but with heterogeneity (I> = 50%,
P = 0.09). The summary estimate remained significant for
the subgroup of <42.5 g dose and when almonds were
consumed alone (Supplemental Table 10).

There was no difference between almond and control for
FBG in the main analysis (Supplemental Figure 6). The
summary estimate of studies for FBG was significant only
for the subgroup at risk for CVD at baseline (summary
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net change: —6.08 mg/dL; 95% CI: —10.77 —1.40 mg/dL)
without heterogeneity (I° = 0%, P = 0.94); and >42.5 g
dose (summary net change: —4.11 mg/dL; 95% CI: —7.43,
—0.80 mg/dL), with mild heterogeneity (I* = 34%, P = 0.19).

There was no difference between almond and control for
DBP in the main analysis (Supplemental Figure 7). The
summary estimate of studies for DBP was significant for
>42.5 g dose (summary net change: —3.15 mm Hg; 95% CI:
—5.77, —0.54 mm Hg) with mild heterogeneity (I* = 35%,
P = 0.21) and >6 wk (summary net change: —4.24 mm
Hg; 95% CI: —6.68, —1.81 mm Hg) without heterogeneity
(P = 0%, P =0.51).

Systolic blood pressure, BMI, hsCRP, apoA-I, and Lp(a)
showed no difference in summary estimates with almond
intervention compared with control in either main analy-
sis or subgroup analyses (Table 3, Supplemental Figures
8-12).

Subgroup analyses for healthy at baseline or at risk for
CVD at baseline and for >6 wk compared with <6 wk could
not be conducted due to an insufficient number of studies
for hsCRP, apoA-I, apoB, and Lp(a). Subgroup analyses
for almond consumed alone or mixed with foods could
not be conducted for SBP, DBP, body weight, and BMI
(Supplemental Table 10).

Percent net change for blood lipids.

Meta-analysis of 13 trials (491 subjects in total) showed a
significant decrease in TC and LDL cholesterol with almond
intervention compared with control [(summary % net
change: —5.10; 95% CI: —8.67, —1.53), and with significant
heterogeneity (> = 66%, P < 0.01) and (summary % net
change: —4.11; 95% CI: —7.48, —0.74), and without hetero-
geneity (I? = 42%, P = 0.05), respectively]. Meta-analysis of
12 trials (461 subjects in total) showed no difference in HDL
cholesterol with almond intervention compared with control



TABLE 4 Blood lipid percent net change analysis reporting the effect of almond intervention’

n studies (n

Outcome subjects) % net change (95% Cl)

TC, mg/dL 13 (491) —5.10 (—8.67,—1.53)2
P =662%

LDL-C, mg/dL 13 (491) —4.11 (=748, —0.74)
P =42.4%

HDL-C, mg/dL 12 (461) —1.64 (—4.42,1.14)
P =00%

TGs,> mg/dL 11 (299) —10.15 (—=19.71, —0.60)°
P =65.7%

"Meta-analyses were conducted with the use of the random-effects model.  is an indicator of between-comparison heterogeneity.
P > 50% was deemed as having significant heterogeneity. HDL-C, HDL cholesterol; LDL-C, LDL cholesterol; TC, total cholesterol; TG,

triglyceride.
2Significant decrease in the outcome was observed.

3We had insufficient data to calculate percentage net change for Lovejoy et al,, 2002 (20), and therefore it was excluded from this

analysis.

(summary % net change: —1.64; 95% CI: —4.42 1.14), and
without heterogeneity (I = 0%, P = 0.75). Meta-analysis of
11 trials (299 subjects in total) showed a significant decrease
in TGs with almond intervention compared with control
(summary % net change: —10.15; 95% CI: —19.71, —0.60),
and with significant heterogeneity (I° = 66%, P < 0.01).
Percent net changes for TC and LDL cholesterol concurred
with summary net changes, but did not for HDL cholesterol
and TGs. More detailed information is provided in Table 4.

Sensitivity analyses

Excluding a trial with medicated subjects.

Excluding 1 study that included subjects who were taking
medications (19), the summary estimate of studies with
nonmedicated subjects concurred with the main results
(Supplemental Table 8).

Excluding 1 study at a time.

When the impact of each study on the combined effect
was assessed by omitting 1 study at a time, the mag-
nitude of the combined effect and its significance were
not affected for TC and LDL cholesterol. We determined
that omitting Tamizifar et al. (32) and Kurlandsky and
Stote (26) individually (—0.71 mg/dL; 95% CI: —1.80, 0.39
mg/dL and —1.01 mg/dL; 95% CI: —2.33, 0.30, respectively),
resulted in the smallest decrease in HDL cholesterol that
was no longer significant (data not shown); in total, omitting
1 study at a time for each of the following 8 studies resulted
in no difference between groups for the outcome of HDL
cholesterol (20-22, 24, 26, 30, 32, 33). Excluding Tamizifar
et al. (32) and Lovejoy et al. (20), individually, resulted
in a decrease in TG that was significant (—14.28 mg/dL;
95% CI. —26.71, —1.86 mg/dL and —13.17 mg/dL; 95%
CI: —25.74, —0.60 mg/dL, respectively). The exclusion of
Lovejoy et al. (20) resulted in significant reductions in LDL
cholesterol/HDL cholesterol (—0.17; 95% CI: —0.31, —0.03)
and TC/HDL cholesterol (—0.42; 95% CI: —0.69, —0.15).
Omitting Tan and Mattes (22) yielded a significant decrease
in DBP (—2.45 mm Hg; 95% CI: —4.60, —0.30 mm Hg).

Leaving out Berryman et al. (28) and Jenkins et al. (25),
individually, resulted in a larger decrease in apoB that was
no longer significant (—8.31 mg/dL; 95% CI: —18.65, 2.03
mg/dL and —8.34 mg/dL; 95% CI: —17.60, 0.92 mg/dL,
respectively). Omitting Zaveri and Drummond (23) resulted
in a significant decrease in BMI (—0.72 kg/mz; 95% CI:
—1.29, —0.16 kg/m?). Systolic blood pressure, FBG, apoA-
I, hsCRP, and Lp(a) remained unchanged when omitting
1 study a time (data not shown).

Replacing strata of same studies.

Replacing strata of same studies resulted in changes in the
combined effects of HDL cholesterol, TGs, and TC/HDL
cholesterol (Supplemental Table 9), but not in other out-
comes. Replacing Sabate et al. (21) half-dose stratum (34 g
of almonds) for the full-dose stratum (68 g of almonds)
resulted in a nonsignificant decrease in HDL cholesterol
(—1.16 mg/dL; 95% CI: —2.43, 0.12 mg/dL) and a signif-
icant decrease in TGs (—11.93 mg/dL; 95% CI: —23.76,
—0.10 mg/dL). Replacing the Lovejoy et al. (20) high-fat
control stratum for the low-fat control stratum resulted in
a significant decrease in TC/HDL cholesterol (—0.31; 95%
CL: —0.59, —0.04). Replacing the Tan et al. (22) afternoon
snack for the morning snack and replacing the Zaveri and
Drummond (23) 12-wk duration for the 6-wk duration did
not result in any significant changes in the combined effect
of any outcome.

Conclusions

Our review of RCTs indicates that TC, LDL cholesterol,
HDL cholesterol, body weight, and apoB were significantly
reduced with almond compared with no almond control
or substitution. The largest reductions with almond inter-
vention compared with control were found for TC, apoB,
and LDL cholesterol. Although almond intervention with
>42.5 g compared with control significantly decreased
TC, body weight, DBP and FBG, almond consumption of
<42.5 g compared with control significantly decreased LDL
cholesterol/HDL cholesterol, TC/HDL cholesterol, and apoB.
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In addition, body weight and DBP significantly decreased
when the intervention duration was >6 wk. There was
no significant difference in other outcomes, including TGs,
SBP, hsCRP, apoA-I, and Lp(a). The significant reductions
in TC, LDL cholesterol, HDL cholesterol, and body weight
with almond intervention remained consistent in sensitivity
analyses, and TC and LDL cholesterol reductions remained
consistent across the subgroups tested. However, when
almonds were mixed with foods or when lipids were
analyzed in plasma, not only did the reductions in TC
remain consistent, but it had the largest reductions for the
comparison of plasma and serum analyses (—22.63 mg/dL
compared with —4.93 mg/dL).

Two potential mechanisms could explain the effect of
almond consumption on blood lipids and other biomarkers
of CVD risk. Almonds contain S-sitosterol, a phytosterol
that is very structurally similar to the body’s cholesterol,
and therefore possibly in competition for absorption in
the digestive system (1), resulting in lower concentrations
of circulating LDL cholesterol. The lower circulating LDL
cholesterol could potentially reduce the chances for an
initiation of a cascade of events accompanying fatty streak
and foam cell formation in the subendothelial space of
arteries, and thereby reduce atherosclerotic CVD risk (34).
The second mechanism is via the beneficial effects of weight
reduction on hypertension and dyslipidemia (35). In our
analyses, we found that body weight was significantly re-
duced with almond consumption compared with no almond
or substitution.

In the previous systematic review and meta-analysis of
18 RCTs (total 837 subjects) on blood lipids and almond
consumption, Musa-Veloso et al. (12) found that TC, LDL
cholesterol, TC/HDL cholesterol, and TGs were significantly
reduced, whereas HDL cholesterol and LDL cholesterol/HDL
cholesterol were not affected by almonds. Our analyses
for the outcomes of TC and LDL cholesterol with almond
consumption compared with no almond control were similar
to those of Musa-Veloso et al. (12), but our analyses found
larger reductions for both of the outcomes. Our results
did not concur with the prior review for the outcomes of
HDL cholesterol and TGs. We found that HDL cholesterol
was significantly decreased, and TGs showed no difference.
The inclusion of Tamizifar et al. (32) and Kurlandsky and
Stote (26) in our analysis may have resulted in significant
decreases in HDL cholesterol, which disappeared when these
studies were omitted individually or together. In both studies,
HDL cholesterol increased substantially in the control, much
higher than in the almond intervention. The control diet
in Tamizifar et al. (32) had higher dietary fiber and MUFA
contents compared with almond diet, possibly resulting in
substantial increases in HDL cholesterol in the control.
Meanwhile, the best-matched comparison in Kurlandsky and
Stote (26) was the almond and chocolate compared with
chocolate control, which had grossly underpowered sample
sizes of ~11-12 subjects per group; it is unclear why this
study showed higher reductions in HDL cholesterol in the
control.
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Musa-Veloso et al. (12) also found that the significant
decrease in TGs was dependent on the inclusion of a
single trial—Abazarfard et al. (27)—and therefore, it is
plausible that almond consumption may not have had a
significant effect on TGs. Our results concurred with those
of Musa-Veloso et al (12) for the subgroup analysis of
the following outcomes: TC, LDL cholesterol, TC/HDL
cholesterol, LDL cholesterol/HDL cholesterol. Our subgroup
analysis of subjects who were healthy compared with at
risk of CVD was similar to the subgroup analysis by Musa-
Veloso et al. (12) of optimal compared with not optimal
baseline lipid concentrations. Our subgroup analysis found
a significant decrease in TC and LDL cholesterol in both
groups of subjects who were at risk of CVD or who had
suboptimal baseline lipid concentrations. Additionally, in our
analyses, even those who were healthy at baseline had a
significant decrease in TC. Both reviews acknowledged the
high degree of clinical and statistical heterogeneity across
studies.

Our methodology differed from the previous systematic
review and meta-analysis, which is one of the major strengths
of our analyses. The previous review included information
from all strata from each study in their analyses. In contrast,
we selected the most appropriate stratum that had an
almond dose closer to 42.5 g, a control that was most
closely matched for macronutrient composition and energy
intake, and similar intervention duration. The remaining
strata were either tested in sensitivity analyses or were
completely excluded, if they were ineligible. Another major
difference and strength is that we had stricter inclusion
criteria in terms of energy intake and eligible population;
this resulted in exclusion of 5 studies that were included
in the previous review [Supplemental Table 2 (36-40)]. We
integrated all available evidence on cardiometabolic risk in
our review by quantifying additional biomarkers such as
body weight, BMI, SBP, DBP, FBG, apoA-I, apoB, hsCRP,
and Lp(a).

Most of the limitations largely arise from the different
study designs and methodologies of the RCTs included in
this review. We tried to mitigate this limitation by selecting
and including relevant and comparable strata across studies.
Nevertheless, there was considerable heterogeneity in terms
of almond consumption—for example, some studies used
almond consumption as a percentage of energy intake,
whereas others used a fixed amount of almond regardless
of energy intake. Studies failed to recognize potential
interactions of almonds mixed with food components and
some studies did not report whether almonds were mixed
in foods or were consumed alone. There were differences
in lipid measurement; some studies reported plasma lipids
whereas others reported serum lipids. Although most studies
used a food log, diet diary, or dietary intake report as a
measure of compliance, their frequency of assessment was
highly variable, ranging from daily, to 3-4 d, or to a certain
number of diet diaries (19, 20, 22, 23, 26, 28-33). Adding
to the heterogeneity, studies also used other methods of
compliance such as 24-h recalls (25, 27, 31), diet recalls



(24, 25), fasting a-tocopherol (22, 29, 33), food weigh-
in (21, 28), fatty acid composition of TGs (21), and even
breath samples (22). Nevertheless, the different types of
control strata among eligible studies was the largest limitation
in terms of heterogeneity and this needs to be properly
addressed in future almond trials.

Although RCTs are deemed as the highest level of
evidence and provide causal inferences, designing diet-
related nutrition research can be challenging with regard
to control selection, patient blinding, health motivation,
compliance with the intervention, attrition, etc. Additional
RCTs are warranted with a more homogeneous selection
of controls that match the macronutrient composition and
energy intake of the almond intervention, but differ only
in terms of the bioactive components of almonds that
may have a beneficial effect on the biomarkers of CVD
risk. Furthermore, it is possible that the results may be
affected based on how almonds are consumed, either alone
or mixed with foods that may influence their bioabsorption
and bioavailability. Thus, future RCTs should examine these
potential interactions between almond and added food
components. It is plausible that the ability to detect long-
term effect of almond consumption on many of the outcomes
in our analyses may have been underpowered because only
3 studies were >6 wk in duration (19, 27, 33). No major
adverse effects attributable to intervention or control were
reported in RCTs. More long-term RCTs with almonds are
needed to examine whether there are sustained beneficial
effects.

In conclusion, our findings further add to the literature
that the consumption of almonds compared with controls
decreases TC and LDL cholesterol, but also significantly
decreases other CVD risk factors such as body weight. In
addition, this review suggests that the benefits of almond
consumption may extend to healthy subjects as well as those
at risk of CVD. Lastly, responses to certain outcomes may
be dose specific. Substantial heterogeneity in the eligible
studies regarding almond intervention, comparators, and
doses preclude firmer conclusions.
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