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Abstract 

Inflammation plays an important role in the develop-
ment of many diseases and health conditions. Because 
walnut has rich antioxidant content such as polyphe-
nols, γ-tocopherol and melatonin, walnuts against 
these diseases may be at least partially attributed to 
their anti-inflammatory effect. 

When comprehensive prospective studies were evalu-
ated, vascular endothelial molecules such as intracel-
lular adhesion molecule 1 and vascular cell adhesion 
molecule 1 and eicosanoid levels such as prostaglan-
din E2 and thromboxane A2 were found to be de-
creased after walnut-containing diet. In randomized 
controlled trials, it was found that c-reactive protein, 
interleukin-6, interleukin-1 and fibrinogen were re-
duced by approximately 5% in walnuts consumption 
of 30 - 65 grams per day. It has been found that walnut 
consumption in healthy, obese or diabetic individuals 
increases the concentration of adiponectin, which is 
anti-inflammatory cytokine, and consequently con-
tributes to decrease in pro-inflammatory precursor 
molecules. Walnut can also increase nitric oxide syn-
thesis, which can prevent oxygen mediated inflamma-
tion, due to its rich arginine content. Given the small 
number of studies examining the effects walnuts, 
more trials are needed to address the effects of wal-
nuts on inflammation or cardiovascular risk. Although 
some pharmacologic treatments and exercise appear 
to be effective in reducing inflammation, healthy diets 
that include regular consumption of walnuts may pro-
tect against the possible consequences of low-grade 
inflammation. 

Finally, walnut contain alpha linolenic acid, polyphe-
nol, melatonin and arginine. Lysine rate is higher than 
other different types of nuts, so it is important to con-
duct research on the effect of walnut consumption on 
inflammation.
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1. Introduction

Inflammation is a complex response from the body 
against a pathogen, damaged cells or harmful stimuli. 
It may lead to deterioration of the integrity of a tissue 
or an organ [1]. Lymphocytes and macrophages are 
defined as chronic inflammation when vascular prolif-
eration, fibrosis, and tissue destruction persist for sev-
eral weeks or months. Inflammation plays a role in the 
development of many chronic and non-chronic diseas-
es globally. The most important of these are diseases 
such as: cardiovascular diseases, cancer, diabetes, Alz-
heimer’s disease, rheumatoid arthritis, asthma and in-
fection [2]. Vascular inflammation can be induced by 
stimulating inflammatory cytokines by: saturated fat 
intake, hypercholesterolemia, hyperglycemia, obesity, 
and smoking. These cytokines induce the formation 
of endothelial adhesion molecules and chemo-reac-
tions [3]. Some cytokines may induce the formation of 
a number of chronic diseases in an unregulated and 
over-extended period. For example: an elevation in 
serum interleukin (IL) -6 and C-reactive protein (CRP) 
concentration may have a place in the formation of 
atherosclerosis and type 2 diabetes (Type2DM) [4]. 
Therefore, examining such cytokines in inflamma-
tion-related diseases is of great importance in the pre-
vention of diseases.

In cohort studies, it was found that coronary artery dis-
ease, cancer, and mortality which are related to such 
diseases were lower in patients consuming hazelnuts 
[5-7]. In the first and second nursing health study, [8], 
there is evidence that not only the consumption of ha-
zelnuts, but also the consumption of walnuts could re-
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duce the incidence of cardiovascular disease (CVD) by 
29%. Walnut, which is a part of the Mediterranean diet, 
is a hard-shell dry, rich in antioxidants, phytochemicals 
(polyphenol, tocopherol, melatonin) and minerals such 
as magnesium and zinc. According to the results of a 
meta-analysis for 24 randomized, placebo-controlled 
trials, it was reported walnut consumption reduced 
blood cholesterol depending on the daily intake dose 
[9]. Also, it can be asserted that walnut has an anticar-
cinogenic role due to its effect in regulating cell differ-
entiation and proliferation, reducing tumor formation 
and development, and DNA protection [10]. 

In clinical and epidemiological studies, 30 grams of 
hazelnut consumption has been reported to benefit 
inflammatory markers [11]. The most recent and com-
prehensive meta-analysis review included 23 random-
ized placebo-controlled trials. Hazelnut consumption 
significantly reduced the levels of intracellular adhe-
sion molecule (ICAM)-1, but did not affect other in-
flammatory markers [12]. Walnut has more antioxidant 
and anti-inflammatory capacity due to being richer in 
the content of tocopherol, melatonin, and α-linolenic 
acid compared to other hard-shell species [13]. For this 
reason, it is noteworthy to review the studies on the 
effects of walnuts on inflammation, which are more 
limited compared to the studies on hazelnuts.

2. Dietary composition of walnut and its 
distinctive characteristics 

Walnut is a rich source of high energy, fat, protein, 
minerals, vitamins and pulp. Table 1 reveals the com-
parison of the content of walnuts and other nuts most 
consumed worldwide. 

Walnut is rich in antioxidant minerals such as magne-
sium and zinc and is a poor source of sodium. Of the 
average daily requirements, an adult human consum-
ing 50 grams of walnut daily meets 26% of phospho-
rus, 22% of magnesium, 14% of zinc, and 8% of sele-
nium. For vitamins, it meets 13.8% of thiamine, 21% 
of vitamin B6 and 4% of vitamin E. In addition to the 
many amino acids in the content of walnuts, its main 
difference from other nuts is that the ratio of lysine to 
arginine is low. As arginine is the precursor of nitric ox-
ide, the vasodilator effect of walnut may be higher [14]. 

Table 1. Comparison of energy and fatty acid composition of walnut and other nuts
Dietary component* Walnut Almond Hazelnut Pistachio
Energy (kcal) 654.4 577.9 628.3 577.4
Total fat (g) 65.2 50.6 60.8 44.4
SFA (g) 6.1 3.9 4.5 5.4
MUFA (g) 8.9 32.2 45.7 23.3
PUFA (g) 47.2 12.2 7.9 13.5
Sterol (mg) 72 120 96 214

*The amounts are given for 100 g of edible portions; Saturated fatty acids -SFA; Monounsaturated fatty acids - MUFA; Polyunsaturated fatty 
acids - PUFA.

Given the studies measuring the capacity of antioxi-
dant chemicals such as polyphenols, tocopherol, and 
melatonin within walnut, it was found that it had the 
highest capacity for them compared to other dried 
fruits. Besides, regulation of mood, appetite, and sleep, 
as well as a high content of melatonin in walnut, which 
has an antioxidant effect compared to other hard-shell 
nuts, are some of the main differences. According to 
Table 1, the total fat content of walnut is higher than 
that of other nuts. However, considering fatty acid 
components, the main distinctive characteristics of 
walnut is low MUFA content and high PUFA content (5 
times greater). One of the most significant differences 
is alpha-linolenic acid which is about ten times richer 
than the others, and the n-6/n-3 ratio for walnut is 4/1. 
In summary, the anti-inflammatory effect of walnut 
thanks to its high n-3 PUFA content is thought to be 
superior to others [15]. 

2.1 Walnut and health: potential mechanisms 

The most important and common studies examining 
the effect of walnut on human health are those per-
formed on cardiovascular health. Endothelial dysfunc-
tion and long-term hyperactivation of the inflammato-
ry response in the etiopathogenesis of cardiovascular 
disease accumulates as a result of oxidation of the li-
poproteins (oxLDL and oxHDL) in the arterial wall and 
play a role in plaque formation and vascular calcifica-
tion. It has been shown that walnut with high amounts 
of total PUFA and n-3 PUFA has both preventive and 
therapeutic effects in pathophysiological processes. 
Oxycyclics are PUFA metabolites thanks to the effects 
of cyclooxygenase, lipoxygenase, and cytochrome 
p450 epoxygenase. Oxylipins may play a role in CVD 
and aging. It has been determined that regular walnut 
consumption reduces the levels of 14-15-epoxyeicosa-
trienoic acid, which is formed by plasma epoxygenase 
and arachidonic acid and has a significant effect on mi-
crovascular health [16, 17]. 

Walnut has a healing effect on the blood lipid profile 
by reducing total cholesterol (TC) and low-density lipo-
protein cholesterol (LDL-C) concentrations and the oxi-
dation potential of lipoproteins [18]. Also, the general 
results of clinical and meta-analysis studies showed 
that the LDL-C/HDL-C ratio or LDL-C concentration re-
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duced in individuals consuming walnut daily at least 4 
weeks [9, 19, and 20]. Its rich content of polyphenols 
and PUFA, which are involved in the reduction of bad 
cholesterol, are also known for their antioxidant prop-
erties [21]. It is known that walnut has the highest an-
tioxidant capacity against other hard-shelled nuts. In 
some animal studies, antioxidant chemicals in walnut 
(polyphenol, PUFA, and melatonin) have been report-
ed to be protective against oxidative stress by reducing 
malondialdehyde and total oxidant capacity [22, 23]. 

Since docosahexaenoic acid (DHA) is involved in the 
membrane phospholipids of neural cells, several stud-
ies have been conducted to determine whether intake 
of DHA or foods with DHA is protective against neuro-
logical diseases. Microglia activation mediates chronic 
inflammation, brain aging, and neurodegeneration. 
Walnut consumption was found to protect microglial 
cells from lipopolysaccharide (LPS) induced inflamma-
tion [24]. In a similar in-vitro study, it was found that 
walnut elevated the release of nitric oxide in glial cells 
and reduced reactive oxygen species formation [25]. 

2.2 Anti-inflammatory effect of walnut 

Inflammation is a natural, healthy reaction of the im-
mune system to injury or infection in the body. In-
flammation is a protective condition of the organism 
because it removes harmful stimulants and initiates 
the healing process. However, studies have shown 

that chronic inflammation plays a primary role in the 
pathogenesis of many diseases, such as: obesity, in-
sulin resistance, diabetes, CVD, cancer and neurode-
generative [26, 27]. Some dietary components such 
as pulp, whole grain products, vegetables, and fruits 
are known to have a positive effect on inflammation 
[28]. Walnut is rich in antioxidants such as polyphenols, 
γ-tocopherol, melatonin and fatty acids generating an-
ti-inflammatory agent products (eicosanoids). Walnut 
may also contain arginine amino acid, the precursor to 
nitric oxide synthesis which can prevent oxygen-me-
diated inflammation. The anti-inflammatory effects of 
walnut depend on the mentioned-nutrients and other 
dietary components. 

Given the comprehensive prospective studies, it was 
seen that the levels of vascular endothelial cells mole-
cules such as intracellular adhesion molecule 1 (ICAM) 
and vascular cell adhesion molecule (VCAM)-1 and 
eicosanoid, regulating inflammation, such as pros-
taglandin E2 (PGE2) and thromboxane A2 (TXA2) re-
duced with the help of a diet with walnut. Circulating 
VCAM, PGE2 and TXA2 concentrations reflect the de-
gree of activation of the endothelium in CVD risk fac-
tors since, like leukocytes, cytokines sends signals to 
the arterial wall to gather immune system cells [29, 30]. 

C-reactive protein, IL-6, IL-1, and fibrinogen have been 
reported to reduce by 0.05 - 5% in those who consume 
walnut every other day. In healthy or obese individu-
als, walnut consumption was found to be positively 

Figure 1. The consumption of walnuts improves overall health because of their unique composition in bioactive 
nutrients and phytochemicals and a complex synergy among them for effects on diverse metabolic pathways. 

The overall result would be reduced incidence of and/or mortality from chronic noncommunicable diseases such as 
CVD, cancer and neurodegenerative disorders, as suggested in observational cohort studies examining clinical 

associations of exposure to nuts, in general, or walnuts, in particular. ALA, alpha-linolenic acid



Journal of Hygienic Engineering and Design

20

correlated with the adiponectin, which is anti-inflam-
matory cytokine, concentration. Nevertheless, it is still 
up-to-date due to the inadequacy of the studies. On 
healthy individuals, it was observed walnut-enriched 
diets reduced the levels of inflammatory markers (CRP, 
TNF-α, IL-6, IL-1) during the postprandial period and 
regulated endothelial cell function (decrease of VCAM-
1, ICAM-1, and E-selectin). Obtaining 12% of the daily 
energy from plant sources such as walnut/flaxseed sig-
nificantly suppressed pro-inflammation. Suppressing 
inflammation, which plays a role in the etiopathogen-
esis of many chronic and non-chronic diseases, with 
walnut consumption is a critical step for preventing 
such diseases [12, 30]. 

2.3 Results of randomized controlled clinical trials

Studies investigating the relationship between walnut 
and inflammation were included by using databases 
such as: MEDLINE, PubMed, Embase, Google Scholar, 
and the Cochrane Library. There are several inclusion 
criteria for the inclusion of studies in this review, or 
more preciselly: 
1)	 Randomized controlled trials (including parallel and 

cross-over studies). 
2)	 Studies on individuals aged 18 and over. 
3)	 Keywords such as ICAM-1, VCAM-1, flow-mediated 

dilation (FMD), CRP, adiponectin, TNF-α, IL-6, and 
walnut were used in the databases. 

4)	 Duration should be a minimum of three weeks for 
randomized controlled trials.

Articles were searched by title and abstract. Articles 
without in full text were not included. 

2.3.1 General characteristics of the studies

The general characteristics of the studies are shown in 
Table 2. Randomized controlled trials were included in 
the present review. Although prospective cohort stud-
ies were considered to be included, they were ignored 
due to not revealing the relationship between walnut 
consumption and inflammation markers. For the study 
design, there were 10 crossover and 4 parallel RCT 
studies. Study durations ranged from 4 to 52 weeks. 
However, except for only 2 studies, the duration of the 
others was less than 3 months. Half of the studies were 
conducted in the United States [31 - 36], but there was 
no study in Turkey, which is one of the places where 
the most walnut consumption has ever been made. 
For the characteristics of the participants included in 
the studies, they were healthy [33, 36, and 37], pre-
obese or obese [31, 32, and 38], hyperlipidemic [35, 
39, and 40] and prediabetic [41] individuals and indi-
viduals with metabolic syndrome (MetS) [42 - 44] and 
Type2DM [42]. Walnut consumption was designed to 
provide 24.3 - 108 g daily or a certain proportion of the 

energy of the diet. Thus, daily intake of walnut could 
differ for the individuals.

2.4 Effect of walnut consumption on inflammation 
markers

2.4.1 C-reactive protein

C-reactive protein, an acute phase reactant, is wide-
ly used as an inflammation marker that indicates the 
presence of inflammation and tissue damage. In re-
sponse to the stimulation of proinflammatory cyto-
kines during immunological reactions, CRP release 
from the liver increases. IL-6, specifically activated by 
macrophages in the arterial wall, significantly affects 
CRP levels [45]. It has been reported that inflammation 
parameters directly contribute to atherogenesis and 
that CRP enhances opsonization and involvement of 
lipid complexes by macrophages. The presence of CRP 
in the vessel wall, even in the early phase of plaque for-
mation, demonstrates various vascular and endotheli-
al effects of CRP [46]. 

Plasma CRP levels were examined in 7 out of the stud-
ies shown in Table 2 and changes in CRP concentrations 
were found to be similar in both walnut consumption 
and placebo intake in 5 studies [35, 36, 39, 40, 43, and 
44]. In a study conducted by Rock et al., [31] in which 
walnut consumption was provided through dietary in-
tervention, the results revealed CRP levels significantly 
reduced in the intervention group compared to the 
basal stage (Serum hs (CRP); Basal: 4.86 ± 0.34; wal-
nut-rich diet: 2.94 ± 0.45; lower fat diet: 3.95 ± 0.72). At 
the same time, when compared to the control groups, 
plasma CRP levels reduced in both intervention groups 
classified by insulin resistance and insulin sensitivity. 
The main difference of this study from the ones that 
found similar results between the groups is the inter-
vention time. Long-term walnut consumption through 
dietary intervention reduces inflammation and con-
tributes to the improvement of metabolic health

2.4.2 Adiponectin 

Adiponectin is a cytokine, especially produced by adi-
pocytes. It is a protein hormone that regulates a num-
ber of metabolic processes such as glucose uptake, 
gluconeogenesis, and fatty acid oxidation into cells. 
Adiponectin plays an important role in the suppres-
sion of metabolic disorders that may cause insulin re-
sistance and Type2DM. In vitro conditions have shown 
that adiponectin reduces the inflammatory response 
of endothelial cells, inhibits macrophage function and 
reduces cytokine secretion from adipocytes [47]. Given 
the potential beneficial effect of adiponectin on endo-
crine diseases and CVD risk, it is critical to control mod-
ifiable lifestyle factors, including diet-related variables 
that may affect serum adiponectin levels [48].
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Table 2. Characteristics of included randomized controlled trials examining the effect of walnut consumption on 
inflammatory biomarkers and endothelial function

Citation and 
country

Sample size 
(for analysis)

Mean age 
(years)

Mean BMI 
(kg/m2) Population Design

Study 
duration 
(weeks)

Walnut 
dose

Comparison 
groups detail

Background 
diet Outcome

Burns-
Whitmore et 
al., [36], USA

20 
(M: 4, F: 16) 38 ± 3 23 ± 1 Healthy LOV Crossover 

RCT 8 28.4 g, 
6 week

Standard egg, 
6 week* Habitual diet CRP, ICAM-1, 

IL-6, TNF-α

Canales et al., 
[38] ,Spain

22 
(M:12, F:10)

54.8 
(SEM:2.0)

29.6 
(SEM:0.7)

Overweight 
+ at least one 
risk factor for 

CVD

Crossover 
RCT 5

150 g/week 
walnut paste 

integrated into 
steaks and 
sausages

Low-fat meat
A habitual diet 

with substituted 
meat products

VCAM-1, 
ICAM-1

Chiang et al., 
[35], USA

25 
(M: 14, F: 11)

33 
(range 23-65)

24.8 
(range: 

18.7-36.6)

Normal to 
mildly

hyperlipid
emic adults

Crossover 
RCT

(Single-
blind)

4 36 g/d Control

American 
Dietary

Guidelines 
(isocaloric)

CRP, IL-6, 
TNF-α

ICAM-1

Damasceno 
et al., [40], 
Spain

18 
(M: 9, F: 9) 56 ± 13 25.7 ± 2.3

Hypercholes
terolemic
patients

Crossover 
RCT 4

Walnuts, 
40 - 65 g/d
Almonds, 

50 - 75 g/d

35 - 50 g/day
virgin olive oil

Mediterranean-
style diet

(isocaloric)

CRP, ICAM-1, 
VCAM-1

Djousse et al., 
[33], USA 

26 
(M: 10, F: 16)

I: 60.8 ± 11.3
C: 68.8 ± 10.9

I: 29.6 ± 5.2 
C: 33.5 ± 8.7 Healthy Parallel 

RCT 12 28 g/day Control

Habitual diet 
with

walnuts 
substituted for
equivalent kJ 

items

Adiponectin

Hwang et al. 
[44], South 
Korea

84 
(M:42, F:42) 39.44 ± 6.53 27.08 ± 3.61 MetS Crossover 

RCT 16 45 g/d Isocaloric white 
bread Habitual diet CRP, 

adiponectin

Katz et al., 
[32], USA

46 
(M: 18, F: 28) 57.4 ± 11.9 33.2 ± 4.4

Overweight + 
risk factors 

for
MetS

Crossover 
RCT 8 56 g/d Control

Ad libitum, 
participants
advised to 
substitute

walnuts for other 
foods

FMD

Ma et al., 
[34], USA

24 
(M: 10, F: 14) 58.1 ± 9.2 32.5 ± 5.0 Tip2DM Crossover 

RCT 8 56 g/d Control

Ad libitum, 
participants
advised to 
substitute

walnuts for other 
foods

FMD

Njike et al., 
[41], USA

112 
(M: 31, F: 81)

Ad libitum: 
56.5 ± 11.7

Energy-
adjusted:

53.3 ± 11.1

Ad libitum: 
30.0 ± 4.0:

Energy-
adjusted: 
30.2 ± 4.1

Overweight,
prediabetic or

MetS

Crossover 
RCT 24 56 g/d Control

1. Ad libitum diet
2. Isocaloric diet 

(energy
adjusted for 

walnuts)

FMD

Petersen et 
al., [43], 
South Africa

64 
(M: 29, F: 35) 45 ± 10

Walnut: 36
Cashew: 34.4

C: 35.1
MetS Parallel 

RCT 8

Walnuts, 
unsalted 
cashew

nuts, 
63 - 108 g/d, 

each

Control

Controlled 
feeding
protocol 

(isocaloric)

CRP

Rock et al., 
[31], USA

245 
(M: 119, F: 

126)

50 
(range: 22 

- 72)

33.5 
(range: 
22 - 40)

Overweight/
obese and 

nondiabetic

Parallel 
RCT 52 42 g/d

Higher fat (35% 
energy) lower

CHO (45% 
energy) diet, 

no nuts

Hypocaloric diet 
(500 - 1,000 kcal/

day deficit)
CRP, IL-6

Ros et el., 
[39], Spain

20 
(M: 8, F: 12)

55 
(range: 26 

- 75)
70.6 ± 10.3 Hypercho

lesterolemia
Crossover 

RCT 4
Mediterranean
diet + walnuts, 

40 - 65 g/d
Control

cholesterol 
lowering

Mediterranean 
diet

(isocaloric)

CRP, VCAM-1, 
ICAM-1

Uriarte et al., 
[42], Spain

50 
(M: 28, F: 22) 51.7 ± 8.4 I: 31.6 ± 2.8

C: 30.0 ± 3.3 MetS Parallel 
RCT 12

Mixed nuts: 30 
g/day (15 g

walnuts, 7.5 g
almonds, 7.5 g

hazelnuts)

Control

American Heart
Association 

dietary
guidelines

VCAM-1, 
ICAM-1

Wu et al., [37], 
Germany

40 
(M: 10, F: 30) 60 ± 1 24.9 ± 0.6

Healthy 
(including

overweight)

Crossover 
RCT 8 43 g/day Control

Western diet 
with

walnuts 
substituted for

saturated fat 
(isocaloric)

VCAM-1, 
ICAM-1

Legend: BMI - body mass index; CRP - C-reactive protein; CVD - cardiovascular disease; F - female; FMD - flow-mediated dilation; ICAM-1 - 
intercellular adhesion molecule 1; IL-6 - interleukin 6; LOV - lacto-ovo vegetarian; M - male; MetS - metabolic syndrome; RCT - randomized 
clinical trial; T2DM - type 2 diabetes mellitus; TNF-α - tumor necrosis factor; VCAM-1 - vascular cell adhesion protein 1. 
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In 3 studies in which the effect of walnut consumption 
on adiponectin level was examined, the results were 
similar to the control groups in only 2 studies [37]. 
Thanks to 45 gr walnut consumption through dietary 
intervention, adiponectin levels elevated from 4.51 ± 
1.10 µg/mL to 4.99 ± 1.91 µg/mL in adult individuals 
with metabolic syndrome, but a decrease was ob-
served in the control group at the end of 16 weeks (p = 
0.019). As a result, regular walnut intake increases the 
level of adiponectin and may have a positive effect on 
the glycemic status, visceral fat and other cardiomet-
abolic risk factors, thereby prevents the development 
of diseases and acts as a therapeutic agent. Djouse et 
al., [33], found that walnut consumption for a lesser 
period than that in the previous study increased the 
adiponectin level by 0,50 μg/ml (95% CI = -0.10, 1.09) 
when compared to the control group. Although it is 
clinically significant, it is not statistically significant. 
Therefore, it is obvious that further studies are need-
ed to examine the efficacy of walnut consumption on 
adiponectin level which has an anti-diabetic and an-
ti-MetS effect. 

2.4.3 Tumor necrosis factor-alpha and interleukin-6

Known its in vivo effects on lipid metabolism and ad-
ipose tissue, TNF-α is mainly released from adipocytes 
as well as lymphocytes and macrophages, and it has 
been reported that such a release is significantly high-
er in obese and diabetic rats [49]. Tumor necrotic fac-
tor-α affects glucose and lipid metabolism and inhib-
its the effect of insulin and pancreatic β cell function. 
Therefore, it plays an important role in the resistance of 
Type2DM-associated systemic insulin [50]. One of the 
pro-inflammatory cytokines associated with insulin 
resistance is IL-6. Interleukin-6 is produced by a vari-
ety of cells, including leukocytes, endothelial cells, and 
adipocytes. The effect of interleukin-6 on obesity and 
insulin resistance is still controversial despite years of 
research [51]. Its main source in circulation is adipose 
tissue and its level increases in the presence of obesi-
ty. However, it has been reported to play a role in the 
pathogenesis of insulin resistance, leading to disrup-
tion of insulin signaling in the liver [52]. 

Nevertheless, in healthy and hyperlipidemic individu-
als, there was no positive effect of walnut consump-
tion on TNF-α concentration in the medium term, 
regardless of diet [35, 36]. Similar results were found 
between the control and intervention groups in 2 out 
of 3 studies examining the relationship between wal-
nut consumption and IL-6 [35, 36]. IL-6 levels of the 
ones with prolonged hypocaloric nutrition and walnut 
consumption were yet found to be significantly lower 
than those exposed to different dietary scenarios, like 
diets with low carbohydrate or low fat. However, it has 
been reported that walnut consumption ensures a fur-
ther reduction in IL-6 levels of individuals with insulin 

resistance and that it is negatively correlated with in-
sulin sensitivity. As a result, walnut consumption can 
play a role in the prevention of many diseases due to 
inflammation with the help of its positive effect on the 
metabolic risk components [31].

2.4.4 Intracellular adhesion molecule (ICAM)-1, vascu-
lar cell adhesion molecule (VCAM)-1 and flow-mediat-
ed dilatation (FMD)

Cell adhesion proteins regulate the early stages of leu-
kocyte migration into the damaged tissue from the 
blood circulation. The inflammatory response consists 
of complex biological and biochemical processes in-
volving biochemical mediators and immune system 
cells. Cytokines, which are known to provide intercel-
lular relationships, have a significant role in regulating 
the inflammatory process. Cell adhesion molecules 
have a critical place in various pathological conditions. 
While ICAM-1 is normally present in small amounts 
in many cells, such as endothelial cells, lymphocytes, 
monocytes, IL1 is enhanced by the action of cytokines 
such as tumor necrosis factor-alpha (TNF-α), interfer-
on-gamma (IFN-γ). Such an increase occurs in acute 
and chronic inflammation. Proteolytic cleavage of the 
extracellular part of ICAM-1 creates its soluble form (sI-
CAM-1). The plasma levels of this are parallel to the im-
portance of inflammation in diseases. Serum levels of 
ICAM-1 increase in many infectious, inflammatory and 
chronic diseases [53]. VCAM-1 is found in active endo-
thelial cells, tissue macrophages, dendritic cells, and 
bone marrow fibroblasts. It is responsible for the ad-
hesion of T lymphocytes, monocytes and eosinophils 
to endothelial cells. It is expressed in 2 hours follow-
ing the stimulation with Interleukin-1, TNF-α or endo-
toxin, and reaches the maximum within 24 hours. IL-4 
and IFN-gamma cause VCAM-1 expression. VCAM-1 
expression in endothelial cells significantly increases in 
the formation of chronic inflammation in the body [54]. 

In 7 of the studies in Table 2, the relationship between 
walnut and ICAM-1 was investigated, and walnut con-
sumption revealed similar results in ICAM-1 levels ac-
cording to the control groups in 5 studies [36, 37, 39, 
40, and 42]. In a randomized, placebo-controlled dou-
ble-blind study by Canales et al., [38], a reduction of 
66.1 to 153.6 µg/L was observed in ICAM-1 levels upon 
the consumption of 150 grams of walnut per week (p 
< 0.001) and such a reduction was higher than that 
in the control group (p = 0.046). In the other study, 
ICAM-1 level was lower than 6 µg/L in the intervention 
group compared to the control group. The difference 
was statistically significant but not clinically significant 
(p < 0.05) [35]. While no effect was detected in 3 out 
of 5 studies investigating the effect of walnut con-
sumption on VCAM-1 level, in the other two studies, 
a reduction of about 20% in VCAM-1 levels was ob-
served in individuals consuming walnut compared to 
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both the baseline and the control group [38, 39]. It was 
observed that walnut consumption responded better 
in individuals whose VCAM-1 and ICAM-1 levels were 
above the threshold and who had at least one of the 
components of metabolic risk factors. However, the 
majority of studies cited indicate that further studies 
are needed since no positive effect has been observed. 

The vascular endothelium is a major paracrine organ. 
It regulates vascular tone, cell proliferation, platelet 
and leukocyte interaction, and thrombogenesis by se-
creting a large number of factors. It adjusts the blood 
flow and distribution according to local changes in the 
environment by adjusting its tone. Most vessels pro-
vide dilatation response to an increase in flow, which 
is called flow-mediated dilatation (FMD) [55]. Walnut 
and FMD percentages were investigated in 3 studies in 
which the target population was Type2DM and MetS. 
The amount of walnut and dietary intervention giv-
en here are similar in all three studies. After 8 weeks 
of walnut consumption, FMD% of individuals with 
Tip2DM increased more than control group (Interven-
tionFMD(%) = 2.2 ± 1.7% and ControlFMD(%) = 1.2 ± 1.6%, p 
= 0.04). As a result, the walnut-enriched ad libitum diet 
has been reported to provide a potential therapeutic 
effect on cardiac risk by improving endothelium-de-
pendent vasodilation in individuals with diabetes [34]. 
In the study conducted by Katz [32], it was observed 
that after 8 weeks of walnut consumption with ad li-
bitum diet, there was a 1.1 (0.2 - 2.0) increase in FMD 
compared to the control group (p = 0.019). However, in 
another clinical study with a similar target population 
and walnut consumption, similar results were found in 
FMD among the groups after intervention. Although 
the study time was longer, the effects of diet quality 
were included in the analyses that examined the rela-
tionship between walnut consumption and FDM [41]. 
Therefore, the effect of diet quality on FDM level seems 
to be more effective than walnut consumption. 

3. Conclusions

-  In this review examining the effect of walnut con-
sumption on inflammation and endothelial function, 
there is evidence that walnut consumption has posi-
tive effects on FMD, which is a measure of endothelial 
function, and ICAM-1 and VCAM-1, which are adhesion 
molecules. However, there is no consistent evidence 
of walnut consumption and the levels of IL-1, IL-6, and 
TNFα, which are proinflammatory cytokines, CRP and 
adiponectin, which is anti-inflammatory cytokine. 

- The findings of the clinical studies in this review imply 
that walnut consumption may have a fruitful effect on 
CVD risk by increasing endothelial health. Neverthe-
less, considering the few studies examining the effects 
of walnuts, further studies are needed to address the 
effects of it on inflammation or cardiovascular risk. 

-  Although some pharmacological therapies and ex-
ercises may appear to be effective in reducing inflam-
mation, healthy diets involving a regular walnut con-
sumption may provide protection against the poten-
tial consequences of low-grade inflammation.
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