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Conflicting findings have been reported regarding the effects of almond consumption on inflammatory markers. This study aimed to summarize
the current literature to determine whether almonds can affect inflammatory markers. A systematic search was carried out in PubMed, Scopus, and
ISI' Web of Science up to March 2021. Randomized clinical trials that compared almond with no almond consumption were included. The outcomes
of interest were changes in circulating C-reactive protein (CRP), IL-6, TNF-«, intercellular adhesion molecule-1 (ICAM-1), and vascular cell adhesion
molecule-1 (VCAM-1) concentrations. The random-effects model was used to find the mean differences. In total, 18 trials with 847 participants were
eligible for the current analysis. Participants'ages ranged from 26.3 t0 69.6 y. Combining 16 studies, almond consumption significantly reduced serum
concentrations of CRP [weighted mean difference (WMD): —0.25 mg/L; 95% Cl: —0.43, —0.06 mg/L; > = 0.0%; P-heterogeneity = 0.633]. However, the
beneficial effect of almond intake only occurred at doses <60 g/d. Pooling 11 effect sizes, almond interventions significantly decreased circulating
IL-6 concentrations (WMD: —0.11 pg/mL; 95% Cl: —0.21, —0.01 pg/mL; > = 19.9%; P-heterogeneity = 0.254). In subgroup analyses, effects on CRP
and IL-6 were nonsignificant in unhealthy participants or those with obesity. In addition, almond consumption had no significant effect on TNF-«
(WMD: —0.05 pg/mL; 95% Cl: —0.11,0.01 pg/mL; > = 0.0%; P-heterogeneity = 0.893; n = 6), ICAM-1 (WMD: 6.39 ng/mL; 95% Cl: —9.44, 22.22 ng/mL;
I> = 66.6%; P-heterogeneity = 0.006; n = 7), or VCAM-1 (WMD: —8.31 ng/mL; 95% Cl: —35.32, 18.71 ng/mL; I = 58.8%; P-heterogeneity = 0.033;
n=6).In conclusion, almond consumption beneficially affects CRP and IL-6 concentrations in adults. However, it has no beneficial effect on TNF-c,
ICAM-1, or VCAM-1. More trials are needed to determine the effects of almonds on inflammation. Adv Nutr 2022;13:1462-1475.

Statement of Significance: This is the most comprehensive meta-analysis of randomized clinical trials examining the effects of almond
consumption on inflammatory biomarkers. Aimonds might have beneficial effects on CRP and IL-6 concentrations.
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in dietary habits and being more physically active could
attenuate inflammation status (7).

Introduction
Long-term inflammation has been linked to various diseases,

including cardiovascular diseases (CVDs), diabetes, cancer,
and metabolic syndrome, which are the primary causes of
mortality (1-5). In this condition, abnormal concentrations
of inflammatory biomarkers, including C-reactive protein
(CRP), IL-6, TNF-«, intercellular adhesion molecule-1
(ICAM-1), and vascular cell adhesion molecule-1 (VCAM-1)
as well as anti-inflammatory biomarkers exist (6). Along with
medications, lifestyle modifications including improvement
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It has been demonstrated that healthy dietary patterns
such as the Mediterranean diet and the Dietary Approaches
to Stop Hypertension (DASH) might improve inflammatory
status (8,9). Nut consumption is one of the recommendations
in the 2 aforementioned diets (8, 9). The findings of obser-
vational studies revealed the link between nut consumption
and chronic disease (10, 11). According to the previous
studies, intake of different nuts could improve inflammation,
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FIGURE 1 Flowchart of the study selection process.

as well as blood lipids, insulin resistance, and blood pressure
due to the high contents of fiber, antioxidants, unsaturated
fats, and phytosterols (6, 12, 13). Among nuts, the effect
of almonds on CVD risk factors such as inflammation
has gained increasing interest (14). Almonds might have
favorable effects on inflammation because of the high content
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of magnesium, which could regulate proinflammatory gene
expression (15). However, clinical trials examining the effects
of almonds on inflammatory biomarkers have inconsistent
findings (16-18). Two recent meta-analyses regarding the
effects of almond consumption on inflammatory markers
have included randomized clinical trials (RCTSs) up to 2017
(19, 20). In Xiao et al.’s (20) meta-analysis, almond intake
did not improve inflammatory markers, including CRP, IL-6,
TNF-«, ICAM-1, and VCAM-1. Similarly, the other meta-
analysis (19) did not find that almonds beneficially affect CRP
concentrations. As far as we know, 7 new clinical trials have
been published regarding the effect of almond consumption
on inflammatory markers since 2017. Furthermore, clinical
trials with comparison groups other than controls had
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TABLE 2 Risk of bias for randomized clinical trials on the effects of almonds on inflammatory biomarkers in adults’

Deviation from the

Randomization intended Missing Measurement Selection of the Overall
First author (year) process interventions outcome data of outcome reported result bias
Kurlandsky and Stote (2006) (39) L U L L L u
Chenetal. (2017) (42) L U L L L U
Lee et al. (2017) (40) L L L L H H
Damasceno et al. (2011) (46) L U L L L U
Coates et al. (2020) (45) L L L L H H
Liu etal. (2013) (43) L H L L L H
Bowen et al. (2019) (44) L L L L L L
Chen etal. (2015) (37) L H L L L H
Kalgaonkar et al. (2011) (38) L H L L L H
Sweazea et al. (2014) (16) L H L L L H
Palacios et al. (2020) (41) L H L L H H
Jung et al. (2018) (47) L H L L L H
Rajaram et al. (2010) (17) L U L L L U
Liu etal. (2017) (48) L U L L H H
Hou et al. (2018) (49) L L L L H H
Berryman et al. (2015) (36) L U L L H H
Jenkins et al. (2002) (24) L H L L H H
Rakic et al. (2021) (18) L U L L L 0]

'Using the new version of the Cochrane Handbook for Systematic Reviews of Interventions (V6.2). L, low risk of bias; H, high risk of bias; U, unclear risk of bias.

not been included in the earlier meta-analyses, and some
studies were missed. Given these aforesaid reasons, the
current study was carried out to summarize the effect of
almond consumption on inflammatory markers (including
CRP, IL-6, ICAM-1, VCAM-1, and TNF-«) through a meta-
analysis.

Methods

Data sources and search strategy

Findings from this systematic review and meta-analysis
were reported based on Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines (21). A
comprehensive search was performed on the databases of
PubMed, Scopus, and ISI Web of Science (SCI-EXPANDED,
SSCI, and ESCI) up to March 22, 2021 without any time
and language restriction. We used a mixture of the 3
following concepts of MeSH or non-MeSH terms: (almond
OR “Prunus Amygdalus” OR “P. Amygdalus”) AND (inter-
leukin OR IL OR Inflammation OR inflammatory OR “C-
reactive protein” OR CRP OR “high-sensitivity C-reactive
protein” OR “high-sensitivity CRP”) AND (intervention OR
RCT OR “controlled trial” OR randomized OR random
OR Randomly). Detailed information regarding the search
items is presented in Supplemental Table 1. Furthermore,
bibliographies of the relevant publications were checked to
identify additional eligible studies. Then, duplicate articles
were removed. The results of the search were screened by
2 researchers (SF and ED), independently. The study was
registered at http://www.crd.york.ac.uk/Prospero (registra-
tion no. CRD42021249220).

Study selection
Publications were included if they met the following criteria:
I) clinical trials examining the effect of whole almond

consumption on CRP, IL-6, ICAM-1, VCAM-1, or TNF-
« in comparison with no-almond intervention (including
control, placebo, or other nuts); 2) performed on adults
aged >18 y; 3) had a minimum intervention period of 4 wk;
and 4) reported both mean changes and SD values for the
inflammatory markers, or baseline and follow-up means of
the inflammatory markers and their corresponding SDs or
values that are convertible to SDs (i.e., SE, IQR, CI). We also
excluded publications that: 1) were review studies, animal
studies, observational studies, and noninterventional studies;
2) had a before-and-after design; 3) examined the effect of
almond skin or almond oil on inflammatory markers; or 4)
examined mixed nuts consumption as the exposure.

Data extraction

Data from each article were extracted by 2 researchers
(SF and KL) separately. The principal investigator (LA)
resolved the disagreements. The extracted data included:
first author’s name, publication year, country, health status,
type of study, study duration, number of participants in
the intervention and control groups, gender and age of
study participants, amount of almonds, blinding condition,
inflammatory markers, and primary outcomes. We did not
need to reach out to corresponding authors of the included
studies to obtain missing or incomplete data.

Quality assessment

Two reviewers (SF and KL) assessed the quality of each
included study using the risk of bias 2 (RoB-2) tool (22). Five
items are examined based on the Cochrane risk-of-bias tool:
I) randomization process, 2) deviation from the intended
interventions, 3) missing outcome data, 4) measurement of
outcome, and 5) selection of the reported result. According
to the Cochrane Handbook recommendations, items were
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First Author WMD (95% CI) Weight (%)

. (mg/L)
Jenkins et al. (24) _i-_’_ 1.15 (-1.02, 3.32) 0.72
Kurlandsky et al. (39) —— -0.50 (-1.64, 0.64) 2.59
Rajaram et al. (17) : -0.11 (-0.48, 0.26) 24.15
Damasceno et al. (46) -0.20 (-0.82, 0.42) 8.86
Kalgaonkar et al. (38) 4 : -0.70 (-3.40, 2.00) 0.46
Liu et al. (43) —O—i-— -1.29 (-2.98, 0.40) 1.18
Sweazea et al. (16) € 4 : -5.53 (-11.67, 0.61) 0.09
Chen et al. (37) _:._ -0.10 (-1.28, 1.08) 2.42
Berryman et al. (36) —& -0.64 (-1.37,0.09) 6.39
Chen et al. (342) —’:‘ -0.30 (-0.96, 0.36) 7.76
Lee et al. (40) -4 -0.30 (-0.74, 0.14) 17.12
Jung et al. (47) 'fl -0.30 (-0.72, 0.12) 18.94
Bowen et al. (44) g E -2.34 (-5.41, 0.73) 0.36
Coates et al. (45) i 0.09 (-1.22, 1.40) 1.98
Palacios et al. (41) _—:I—_ 0.05 (-0.66, 0.76) 6.79
Rakic et al. (18) : * 2.61 (-1.54, 6.76) 0.20
Overall (P-value=0.009; o -0.25 (-0.43, -0.06) 100.00
I-squared = 0.0%, P-heterogeneity = 0.633) !

I

T ' T
0

-8
Favors almond group

FIGURE 2
weighted mean difference.

labeled as “low risk of bias,” “high risk of bias,”, or “unclear”
or unknown risk of bias.

Statistical analysis

The overall effect size was estimated using the mean changes
in inflammatory biomarker concentrations and their SDs
for both intervention and nonintervention groups. For the
studies that did not report the mean changes, we subtracted
baseline measures from values at the end of the intervention
to calculate the mean changes. Based on previously published
methods (23), we converted SEs (14), IQRs, and 95% ClIs to
SDs. A random-effects model was applied, which considers
between-study variation, to assess the overall effect size.
In the case of multiarm trials (17, 18, 24), we combined
intervention groups to control possible unit of analysis
errors (25). We used the I? statistic and the Cochrane
Q test to assess between-study heterogeneity. An I* value
>50% or a P value < 0.1 for the Q test was considered
as significant between-study heterogeneity (25). To find
the potential sources of heterogeneity and to compare
the effect of almond consumption in different conditions,
we performed subgroup analyses based on participants’
age (>50/<50 y), type of study (parallel/crossover), trial

1466 Fatahietal.

8
Favors control group

Forest plot of the effect of almond consumption on C-reactive protein in adults, using the random effects model. WMD,

duration (4/>4 wk), almond dose (>60/<60 g/d), individ-
ual's BMI (>30 kg/m? as obese/<30 as nonobese), health
condition (healthy/unhealthy), blood glucose (<100 mg/dL
or <5.6 mmol/L as normal/>100 mg/dL or >5.6 mmol/L
as elevated), LDL cholesterol (<130 mg/dL or <3.4 mmol/L
as normal/>130 mg/dL or >3.4 mmol/L as elevated), and
blood pressure (<120/80 mmHg as normal/>120/80 mmHg
as elevated). We also performed subgroup analysis based on
CRP and IL-6 at the baseline. For baselines of CRP, we used
the cutoft value (>3/<3) that was mostly used in the previous
studies (26-28). Furthermore, we used (>median/<median)
as the cutoff for the baseline IL-6 subgroup (29). For the
studies that reported almond dose as percentage of energy
intake, we multiplied the reported percentage by the reported
mean energy intake of the trial participants to recalculate
the dosage in grams per day. Subgroup analysis based on
the type of study was prespecified, whereas other subgroup
analyses were added afterwards. Sensitivity analysis was
carried out to explore the influence of each study on the
overall effect size. Publication bias was examined by funnel
plot asymmetry and the Egger test. These tests have low
power to distinguish between chance and real asymmetry
when <10 studies are included; therefore, we did not examine



TABLE 3 Results of subgroup analysis for the effects of almond consumption on inflammatory biomarkers in adults'

Almonds and inflammation

Effect size, n WMD (95% Cl), pg/mL P within? 2, %3 P between*
Subgroup analysis for the effect of almond consumption on serum IL-6
Overall 11 —0.11(=0.21,-001) 0.254 19.9

Age 0.05
<50y 4 —0.06 (=0.11,-0.01) 0463 0
>50y 7 —0.20 (—0.35, —0.06) 0.397 39

Dose 0.812
<609 8 —0.14(=0.29,0.01) 0.122 386
>60g 3 —0.05(-0.27,0.18) 0.600 0

BMI 0.834
Nonobese 5 —0.14 (=0.27, —-0.01) 0.137 42.7
Obese 6 —0.05(—=0.29,0.18) 0.362 85

Duration 0.712
>4 wk 8 —0.13(—0.33,0.06) 0.090 433
4wk 3 —0.10 (—0.26,0.05) 0.994 0

Population 0.827
Healthy 5 —0.14 (—0.34,0.05) 0.070 53.8
Unhealthy [§ —0.09 (—0.25, 0.06) 0.582 0

Baseline IL-6 0912
<Median 4 —0.15(—0.33,0.03) 0.094 53.1
>Median 7 —0.08 (—0.24,0.08) 0415 12

Baseline blood glucose 0.047
Normal 4 —0.06 (—=0.11, —0.02) 0.602 0
Elevated 4 —0.05(—0.28,0.17) 0313 15.8
NR 3 —0.34(—0.55,-0.13) 0.628 0

Baseline serum LDL cholesterol 0.743
Normal 9 —0.12(=0.27,0.02) 0.156 327
Elevated 1 2,65 (—5.26,10.56) — —
NR 1 —0.11(=0.29,0.07) — —

Baseline blood pressure 0.046
Normal (<120/80 mm Hg) 3 —0.26 (—0.46, —0.07) 0.356 33
High (>120/80 mm Hg) 6 —0.07(=0.11,-0.02) 0.839 0
NR 2 —3.64(—2050,13.22) 0.139 544

Study type 0.886
Parallel 6 —0.18(—047,0.11) 0.046 557
Crossover 5 —0.09 (—0.23,0.05) 0.880 0

Subgroup analysis for the effect of almond consumption on serum CRP
Overall 16 —0.25 (=043, —0.06) 0.633 0

Age 0.839
<50y 6 —0.23(=047,0.01) 0.754 0
>50y 10 —0.26 (—0.59, 0.06) 0.358 9.2

Dose 0.231
<609 9 —040(—0.78, —0.02) 0.259 20.7
>60g 7 —0.14(=039,0.11) 0.983 0

BMI 0.282
Nonobese 9 —0.32 (—=0.55, —0.09) 0.653 0
Obese 7 —0.11(—042,0.19) 0483 0

Duration 0.731
>4 wk 10 —0.30 (—0.64, 0.05) 0.455 0
4wk 6 —0.22(—044,-001) 0.598 0

Population 0.737
Healthy 8 —0.27 (=048, —0.05) 0.566 0
Unhealthy 8 —0.20 (—0.54,0.15) 0.460 0

Baseline CRP 0216
<3mg/L 10 —0.21 (—040, —0.02) 0.737 0
>3 mg/L 6 — 067 (—=1.36,0.03) 0412 07

Baseline blood glucose 0.835
Normal 7 —0.25 (—046, —0.04) 0.907 0
Elevated 5 —0.50 (—1.25,0.25) 0.150 40.7
NR 4 0.01 (—0.82,0.84) 0.340 10.7

(Continued)
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TABLE 3 (Continued)
Effect size, n WMD (95% Cl), pg/mL P within? 2, %3 P between*
Baseline serum LDL cholesterol 0.407
Normal 11 —0.20 (—=042,0.03) 0615 0
Elevated 4 —0.31(—0.63,0.01) 0447 0
NR 1 —1.29(—2.98, 0.40) — —
Baseline blood pressure 0.624
Normal (<120/80 mm Hg) 6 —0.24(—047,-0.01) 0.396 33
High (=120/80 mm Hg) 7 —0.20 (—0.54,0.14) 0.509
NR 3 —0.72(=1.72,027) 0.545 0
Study type 0.688
Parallel 6 —047(=1.52,0.57) 0.232 27.0
Crossover 10 —0.24 (—043, —0.05) 0.781 0
Subgroup analysis for the effect of almond consumption on serum TNF-«
Overall 6 —0.05(—0.11,0.01) 0.893 0
BMI 0.745
Nonobese 2 —0.05(=0.11,0.01) 0.553 0
Obese 4 —0.10 (=041, 0.20) 0.751 0
Duration 0.745
>4 wk —0.10 (=041, 0.20) 0.751 0
4wk 2 —0.05(—0.11,0.01) 0.553 0
Population 0.557
Healthy 2 —0.01(-0.16,0.14) 0.790 0
Unhealthy 4 —0.06 (—0.13,0.01) 0.741 0
Subgroup analysis for the effect of almond consumption on serum ICAM-1
Overall 7 6.39 (=944, 22.22) 0.006 66.6
Dose 0.854
<604 3 10.83 (-19.49,41.15) 0.007 80.0
>60g 4 4.20 (-20.09, 28.50) 0.048 62.1
Duration 0.147
>4 wk 10.17 (=16.82,37.17) 0.002 794
4 wk 3 —521(—13.79,3.36) 0.524 0
Population 0.248
Healthy 5 11.89 (—11.68,3545) 0.002 79.2
Unhealthy 3 —8.17(—26.77,1043) 0335 8.6
Subgroup analysis for the effect of almond consumption on serum VCAM-1
Overall 6 —831(—3532,1871) 0.033 588
BMI 0.662
Nonobese —5.29(—29.72,19.13) 0.187 375
Obese 2 — 1856 (—123.13,86.02) 0.007 86.0
Duration 0.147
>4 wk 3 —0.30(—47.11,46.52) 0.025 72.8
4 wk 3 —19.23(=53.39,14.93) 0.261 256
Population 0.003
Healthy 3 9.19 (—11.24,29.63) 0.188 40.2
Unhealthy 3 —64.34(—108.98, —19.91) 0.881 0

TCRP, C-reactive protein; ICAM-1, intercellular adhesion molecule-1; NR, not reported; VCAM-1, vascular cell adhesion molecule-1; WMD, weighted mean difference.

2P for heterogeneity, within subgroup.
3An P value >50% shows significant between-study heterogeneity.
“p for heterogeneity, between subgroups.

potential publication bias for TNF-«, ICAM-1, and VCAM-
1. All of the statistical analyses were done using STATA
(version 14; StataCorp LLC). Furthermore, a P value <
0.05 was considered statistically significant.

Results

Literature search

Initially, 227 articles were identified in our search. After
excluding duplicate articles, 177 articles remained for title
and abstract screening. Of these, 153 unrelated articles were
removed. Among the 24 remaining articles, a trial with
a before-and-after design was excluded (30). Furthermore,
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5 studies that assessed the effect of almond oil, almond
skin, and mixed nuts on inflammatory biomarkers were not
included in the current study (31-35). Finally, 18 eligible
clinical trials were included in the present systematic review
and meta-analysis. Serum concentrations of IL-6, CRP,
ICAM-1, VCAM-1, and TNF-a were respectively evaluated
in 11, 16, 7, 6, and 6 trials. The flowchart of study selection is
presented in Figure 1.

Study characteristics
The characteristics of 18 eligible trials are reported in
Table 1. Studies had a total sample size of 847 participants,



First Author WMD (95% CI) Weight (%)
(pg/mL)
+
1
Rajaram et al. (17) . -0.09 (-0.41, 0.23) 8.12
1
Kalgaonkar et al. (38) < : ) -17.60 (-43.00, 7.80) 0.00
1
Liu et al. (43) + -0.11 (-0.29, 0.07) 19.18
1
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1
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1
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I-squared =19.9%, P-heterogeneity = 0.254) |
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1
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FIGURE 3
difference.

ranging in number from 18 to 128. The mean age of subjects
ranged between 26.3 and 69.6 y. The mean BMI at baseline
ranged from 22.6 to 35.2. Eight of the included studies had
a parallel design, and 10 studies had a crossover design.
These studies were published from 2002 to 2021 and were
from the United States (16-18, 36-41), Taiwan (42, 43),
Australia (44, 45), Spain (46), South Korea (47, 48), China
(49), and Canada (24). Participants were followed from 4
to 24 wk. Two studies were performed in females (38, 39),
and the others in both genders (16-18, 24, 36, 37, 40-49).
Trials were performed on healthy individuals (17, 18, 24,
36, 39, 40, 44, 45, 47, 48), patients with type 2 diabetes
(16, 42, 43, 49), hypercholesterolemia (46), coronary artery
disease (37), women with polycystic ovary syndrome (38),
and prediabetic individuals (41). The almond dosage used
in studies varied from 41.14 to 100 g/d. Three studies
(17, 18, 24) were multiarm trials (2 intervention groups
compared with 1 no-intervention group) and others had 2
arms (1 intervention group compared with 1 no-intervention

group).

Quality assessment

Having a low risk of bias for all domains of the RoB-2 risk-
of-bias assessment tool, only 1 trial (44) was considered
as a high-quality study. Five trials (17, 18, 39, 42, 46) had

Favors control group

Forest plot of the effect of almond consumption on IL-6 in adults, using the random effects model. WMD, weighted mean

moderate quality, in which >1 domain had an unclear risk
of bias. The remaining 12 studies (16, 24, 36-38, 40, 41, 43,
45, 47-49) were of low quality because they had a high risk
of bias for >1 domain (Table 2).

Findings from the systematic review

Among 11 RCTs evaluating the effect of almond consump-
tion on serum concentrations of IL-6, 2 studies showed
a beneficial effect (43, 47), whereas others reported no
significant effect. Furthermore, of 16 RCTs that examined
the effects of almond consumption on serum CRP concen-
trations, 3 studies reported a significant effect of almond
consumption on reducing serum CRP concentrations (16,17,
43). However, others found no significant change. For ICAM-
1 and TNF-«, a significant beneficial effect was reported
in only 1 study. Also, no trial showed a beneficial effect of
almond consumption on VCAM-1.

The effect of almond consumption on serum CRP
concentrations

In total, 16 trials embracing 708 participants were eligible
for this meta-analysis. Combining 16 effect sizes from these
studies indicated that almond consumption compared with
a comparison group had a favorable effect on CRP concen-
trations [weighted mean difference (WMD): —0.25 mg/L;
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First Author WMD (95% CI) Weight (%)
(pg/mL)
1
1
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Kalgaonkar et al. (38) < T > -53.20 (-149.93, 43.53) 0.00
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|
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1
1
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1
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I-squared= 0.0%, P-heterogeneity = 0.893) !
1
1
1
1
1
| : |
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FIGURE 4 Forest plot of the effect of almond consumption on TNF-« in adults, using the random effects model. WMD, weighted mean

difference.

95% CI: —0.43, —0.06 mg/L; P-value = 0.009] (Figure 2).
Between-study heterogeneity was nonsignificant (I* = 0.0%;
P-heterogeneity = 0.633). Results from subgroup analyses
are reported in Table 3. In summary, almond consumption
could have a favorable effect on CRP concentrations in
healthy and nonobese adults. Also, the effect was significant
only at doses <60 g/d. We also found a significant effect in
participants with baseline CRP concentrations <3 mg/L and
in those who had normal blood glucose and blood pressure.
According to the sensitivity analysis, the exclusion of any
single study did not influence the overall effect size. The
Egger test showed no evidence of potential publication bias
(Pvalue = 0.437). Also, no asymmetry was visually observed
in the funnel plot.

Fourteen trials assessed high-sensitivity CRP, whereas
2 others (16, 43) considered CRP. Excluding the studies that
considered CRP as the outcome of interest did not change our
results (WMD: —0.23 mg/L; 95% CI: —0.41, —0.04 mg/L; P
value = 0.016; I* = 0.0%; P-heterogeneity = 0.827).

The effect of almond consumption on serum IL-6
concentrations

Combining 11 effect sizes, including an overall sample
size of 547 participants, almond consumption, compared
with a comparison group, led to a significant decrease in
serum IL-6 concentrations (WMD: —0.11 pg/mL; 95% CI:
—0.21, —0.01 pg/mL; P value = 0.029; I*= 19.9%; P-
heterogeneity = 0.254) (Figure 3). The results from subgroup
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analyses showed that almonds significantly lowered IL-6
concentrations in nonobese adults and those with normal
blood glucose concentrations. We found that almonds might
have more beneficial effects in adults aged >50 y. Also,
significant heterogeneity was observed between age sub-
groups. More results are provided in Table 3. No significant
changes in the overall effect size and the corresponding
95% CI were seen after performing sensitivity analysis. No
asymmetry was seen in the funnel plot, and no evidence of
publication bias was shown based on the Egger test (P value =
0.605).

The effect of almond consumption on serum TNF-«
concentrations

Findings from 6 trials revealed that almond consumption did
not significantly lower TNF-« concentrations (WMD: —0.05
pg/mL; 95% CI: —0.11,0.01 pg/mL; Pvalue = 0.09; I* = 0.0%;
P-heterogeneity = 0.893) (Figure 4). Results remained
nonsignificant in all subgroups (Table 3). Sensitivity analysis
found no particular study would significantly affect the
summary effects.

The effect of almond consumption on serum ICAM-1
and VCAM-1 concentrations

Combining 7 effect sizes from 7 trials, we found no beneficial
effect of almonds in decreasing serum ICAM-1 concentra-
tions (WMD: 6.39 ng/mL; 95% CI: —9.44, 22.22 ng/mL;
P value = 0.429; > = 66.6%; P-heterogeneity = 0.006)
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WMD (95% CI)
(ng/mL)
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|
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FIGURE 5 Forest plot of the effect of almond consumption on intercellular adhesion molecule-1 in adults, using the random effects

model. WMD, weighted mean difference.

(Figure 5). Our findings remained unchanged in all sub-
groups (Table 3). We found no significant changes in the
overall effect size and the corresponding 95% CI according
to sensitivity analysis.

Results from 6 trials indicated no significant effect of
almonds on VCAM-1 (WMD: —8.31 ng/mL; 95% CI:
—35.32, 18.71 ng/mL; P value 0.547; I* = 58.8%; P-
heterogeneity = 0.033) (Figure 6). Results did not change in
all subgroups except for participants’ health status (Table 3).
We found that almond consumption significantly decreased
VCAM-1 in unhealthy participants (WMD: —64.34 ng/mL;
95% CI: —108.98, —19.91 ng/mL). However, it had no
beneficial effect in healthy individuals. No particular study
gave a significant change in the overall effect size based on
sensitivity analysis.

Discussion

The current systematic review and meta-analysis revealed
that almond consumption significantly alleviates IL-6 and
CRP concentrations, 2 primary inﬂammatory markers. Also,
subgroup analysis showed that these effects were significant
in nonobese, as well as healthy individuals. Furthermore, no
benefit for CRP was observed in daily doses >60 g almonds.
Based on the subgroup analysis for study type, almond
consumption significantly affected CRP concentrations in
trials with a crossover design, whereas the results were not
significant for parallel trials. On the other hand, we found
no significant effect of almond consumption on TNF-«,

ICAM-1, and VCAM-1. As far as we know, this is the
most comprehensive study in which the effect of almond
consumption on concentrations of inflammatory biomarkers
is systematically reviewed and examined through a meta-
analysis.

Studies have shown that increases in inflammatory factors
could be a risk factor for some chronic diseases, such
as metabolic syndrome (50), diabetes (51), cancers (52),
coronary artery disease (53), and even mortality (54).
Based on our findings, daily consumption of almonds can
reduce CRP and IL-6 concentrations. However, almond
consumption was found to have no significant effect on TNF-
o, ICAM-1, and VCAM-1. Also, a previous meta-analysis
revealed a significant effect of the DASH diet, in which
consumption of nuts is highly recommended, in attenuating
CRP concentrations (9). However, a study showed that mixed
nuts consumption does not result in significant differences
in CRP, IL-6, TNF-«, ICAM-1, and VCAM-1 (6). Similarly,
a meta-analysis revealed that tree nuts (pistachios, almonds,
macadamia nuts, pecans, hazelnuts, cashews, walnuts, and
Brazil nuts) had no significant effect on CRP concentrations
(13, 55). Given the results of studies regarding the effect
of different nuts on inflammatory markers, daily intake of
almonds in the context of a healthy diet (i.e., the DASH diet)
could be recommended along with medications to attenuate
inflammation. However, further studies are required to
explore the particular effect of different nuts on inflammation
status.
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FIGURE 6 Forest plot of the effect of almond consumption on vascular cell adhesion molecule-1 in adults, using the random effects

model. WMD, weighted mean difference.

Our meta-analysis found beneficial effects of almond
consumption on reducing CRP and IL-6 concentrations,
whereas no significant effect was found in the case of
other inflammatory markers. Prior to our study, 2 meta-
analyses had examined the effect of almonds on inflam-
matory markers (19, 20). Xiao et al. (20) showed that
nut consumption decreased the concentrations of ICAM-
1 but had no significant effect on other inflammatory
markers. Also, they found no significant effect of almonds on
inflammatory biomarkers. Another meta-analysis depicted
that consumption of almonds does not result in significant
changes in high-sensitivity CRP (19). The inconsistency of
our results regarding the effect of almond consumption
on concentrations of CRP and IL-6 with those from the
aforementioned meta-analyses might be due to the eligibility
criteria of the studies. For example, Lee-Bravatti et al.
(19) excluded some trials because of concerns regarding
participants’ mismatches of energy intake. They also did not
include trials in which almond consumption was compared
with walnuts. Moreover, our review also includes more
recently published research. Therefore, the lack of significant
results found in other meta-analyses might be attributed to
the limited number of included trials.

Other meta-analyses have also explored the effects of
almond consumption on other cardiovascular risk factors.
Asbaghi et al. (56) found that almonds could benefi-
cially impact blood concentrations of triglycerides, total
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cholesterol, and LDL. However, they did not show a sig-
nificant effect on HDL. Moreover, another meta-analysis
revealed a significant effect of almonds on diastolic blood
pressure, but no favorable effect was seen on systolic blood
pressure (57).

Several mechanisms might explain the effect of almond
consumption on CRP and IL-6. Almonds have high con-
centrations of magnesium, and a large cohort study showed
that magnesium intake had an inverse association with some
inflammatory factors such as CRP (58). Hypomagnesemia
might increase inflammatory responses by: I) activating
phagocytic cells (59); 2) activating NF-« B signaling, which
in turn upregulates transcription of some proinflammatory
genes (59); and 3) decreasing nitric oxide, resolvins, lipoxins,
and protectins, which are anti-inflammatory markers in
the body (15). Furthermore, almonds contain considerable
amounts of omega-3 (w-3) fatty acids, which are precursors
of eicosanoids with anti-inflammatory properties (60). The
anti-inflammatory properties of w-3 fatty acids might also
be due to the suppression of IL-18 (61). Arginine is the
most plentiful amino acid found in almonds (62, 63). It
has been shown that increased consumption of arginine
has an inverse association with CRP concentrations (59).
Furthermore, almonds are rich in certain constituents,
including «-tocopherol and phytonutrients (64-67), that
might be modifiers of some inflammatory factors, but more
studies are needed to entirely understand their role.



This is the most comprehensive meta-analysis to inves-
tigate the effects of almond consumption on inflammatory
markers. Subgroup analyses were also performed for more
accurate interpretation. However, several limitations in our
study should also be acknowledged. The effects might be
underestimated due to self-reporting of the participants’
compliance. Despite observing no significant heterogeneity
in the overall effect sizes, the included trials had different
methodological approaches. For example, some studies used
fixed doses of almonds whereas others considered the
amount of almond intake as a percentage of total energy
intake. Also, eligible trials had different control strata, which
might be a concern in case of heterogeneity. Also, the
increased risk of type I error from analyzing several outcomes
is another limitation of our study. Furthermore, our meta-
analysis contained some trials with a small sample size,
which could be a reason for nonsignificant findings as well
as insufficient statistical power. Therefore, more high-quality
studies with larger sample sizes are needed to overcome these
limitations.

In conclusion, we found that almond consumption sig-
nificantly reduces serum concentrations of CRP and IL-6,
whereas no beneficial effect was seen for TNF-«, ICAM-1,
and VCAM-1. More clinical trials are required to confirm our
findings and to recommend almond consumption as a part of
a healthy diet.
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