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Abstract: 

Background: Dyslipidemia and hypertension are important risk factors for cardiovascular 

disease (CVD). Some studies have suggested that the consumption of nuts may reduce CVD risk. 

Objective: The present systematic review and meta-analysis was conducted to investigate the 

efficacy of cashew nut consumption on lipid profile and blood pressure.  

Methods: PubMed, Embase, Scopus, Web of Science and Cochrane Library were systematically 

searched to identify randomized control trials (RCTs) examining the effects of cashew nut intake 

on serum triglycerides (TG), high density lipoprotein-cholesterol (HDL-C), low density 

lipoprotein-cholesterol (LDL-C), serum total cholesterol (TC), systolic blood pressure (SBP) or 

diastolic blood pressure (DBP) until 15 November 2019. Random-effects or fixed-effects models 

were used to pool weighted mean difference (WMD) and 95% confidence intervals (CI). 

Potential publication bias was assessed using Egger’s test. Sensitivity analysis was performed to 

assess the impact of each individual study on the pooled results. 

Results: A meta-analysis on 392 participants showed that cashew consumption had no 

significant effects on lipid profile and DBP. However, there was a significant reduction in SBP 

(WMD = -3.39, 95% CI = [-6.13, -0.65], P = 0.01, I2 = 0.0%) in the group receiving an increased 

cashew nut intake compared to the controls. There was no significant publication bias in the 

meta-analysis. A sensitivity analysis, omitting single trials in turn, did not have a significant 

effect on the pooled results. 



Conclusion: This meta-analysis demonstrated that cashew nut consumption might reduce SBP 

but has no effects on lipid profile and DBP. 
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1 Introduction: 

Cardiovascular disease (CVD) is a major cause of death worldwide, leading to more than 4 

million deaths in Europe and nearly 930,000 in the US annually [1]. CVD is not only a problem 

in high-income countries; low- and middle-income countries (LMIC) also have a high prevalence 

and mortality rate attributable to CVD; almost 80% of CVD deaths occur in LMICs, and close to 

40% of these are defined as premature [2]. In 2017, the global deaths attributable to CVD was 

reported to be ~ 17.8 million. And the rate of CVD death was ~ 3 times higher in lower- and 

middle-income countries compared to those with high-incomes [3]. Diet plays an important role 

in preventing CVD [4]. It has been suggested that adherence to a healthy diet reduces the risk of 

cardiovascular disease by 80-90% [5]. A daily intake of nuts can improve CVD risk [6]. Nuts are 

rich in antioxidants, and have a favorable fat content, which can account for their enhanced 

health benefits [7, 8]. The Dietary Guidelines Advisory Committee (DGAC), has proposed that 

the consumption of nuts is associated with reducing CVD risk and American's dietary guidelines 

emphasize nuts as part of a healthy diet. In these guidelines, 5 servings of nuts/seeds/soy 

products are recommended per week as part of a 2000 calorie diet [9, 10]. The FDA have 

indicated that eating 1.5 ounces of tree nuts per day as part of a cholesterol- and saturated fat-

restricted diet might reduce the risk of CVD [11]. 



The cashew is a tree nut that seems to have a beneficial effect on CVD risk factors. Anacardium 

occidentale L is the formal name of the cashew tree, which is widely growing up in Central 

America, the tropical regions of South America, and in tropical countries such as Thailand, 

Vietnam, and India. [12, 13]. After almond, walnut, and pistachios, cashew is the world's fourth-

most-produced nut and the third-most-consumed nut in the US after almond and walnut. Each 

unit of cashew (28 grams of cashew) contains 4.3 grams of protein, 74 mg of magnesium (19 

percent of the body's daily requirement) and 160 mg of potassium (5 percent of the body's daily 

requirement). 60 and 18 percent of the fats in cashew are MUFA and PUFA, respectively. 

Although there are more than 4 grams of saturated fat per 50 grams of cashew, it should have 

borne in mind that about 40-50% of the saturated fats in cashew are as stearic acid that has no 

effect on plasma LDL cholesterol (LDL-C) concentrations. [1, 14]. 

A number of studies have examined the effects of consumption of cashew on lipid profile and 

blood pressure. However, randomized controlled trials (RCTs) have reported conflicting results, 

and therefore do not provide clear information for dietary recommendations. The discrepancy in 

the results may be explained by differences in study design, study duration, study populations, 

study conditions, and the dose of substance used. 

To date, no systematic reviews have been published specifically on the effects of cashew 

consumption on lipid profile and blood pressure. In the present study, a systematic review and 

meta-analysis of RCTs was conducted to summarize the evidence on the effects of cashew 

consumption on lipid profile and blood pressure in subjects over the age of 18 years. 

 

 



 

 

 

2 Methods: 

2.1 Protocol: 

The present meta-analysis is based on the Preferred Reporting Items for Systematic reviews and 

Meta-Analyses (PRISMA) guidelines [15]. 

2.2 Systematic search: 

The systematic search was undertaken using international online databases including PubMed, 

Embase, Scopus, Web of Science and Cochrane Library for all potential relevant literature 

investigating the effects of cashew intake on blood lipid profile and blood pressure without any 

restriction from incent up to 15 November 2019. The following search design was planned for 

the systematic search in titles and abstracts: [keywords for cashew] AND [keywords for blood 

lipid profile OR keywords for blood pressure] AND [keywords for type of study]. The wild-card 

term “*” was applied in some cases to increase the sensitivity of the search strategy. 

Additionally, to find further eligible evidences and prevent missing relevant publications, the 

reference lists of included records and review articles and Google Scholar were hand-searched. 

EndNote X9 was used to simplify the literature screening process. 

2.3 Inclusion and Exclusion criteria: 

Original articles were included in the present meta-analysis if they: 1) were RCTs, 2) 

administered cashew as intervention in adults (≥ 18 years old), 3) reported a sufficient data for 



lipid profile (TG, TC, HDL-C, LDL-C) or blood pressure (SBP, DBP), 3) published in English 

language. In the other hand, exclusion criteria were: 1) being not original research (reviews, 

book chapters, conference abstracts, editorials and letters), 2) papers with combined supplement 

of nutrients, nuts or drugs, 3) animal studies, 4) studies with lack of any essential information 

including non-extractable or unconvertable data and 5) papers without suitable control group. 

2.4 Data selection:  

Eligible articles were reviewed by two independent investigators and the following information 

were abstracted: 1) first author name, 2) country, 3) type of trial, 4) participants health status, 5) 

mean age, 6) sample size, 7) treatment duration, 8) cashew dosage, 9) quality and 10) change and 

standard deviation (SD) of outcomes (calculated up to 2 decimals). Net changes in TG, TC, 

HDL-C, LDL-C, SBP and DBP were calculated by subtracting the value at baseline from that 

after intervention in the active-treated groups and in the control ones. SDs of the mean difference 

were obtained as the following procedure: SD = square root [((SD pre)2 + (SD post)2) – (2r × SD 

pre × SD post)], considering a correlation coefficient (r) = 0.5 for both pre-test / post-test 

(parallel groups) and crossover designed studies [16]. Given reporting IQR, SD was determined 

using (third quartile – first quartile) / 1.35 [17]. In the case of those studies that reported standard 

error (SE), SD was obtained using this formula: (SD = SE × √n). Mean changes and relevant SDs 

were extracted for the first step of the Cross-over designed study. The reported concentration of 

lipid profile in all papers were converted into the usual unit (mg/dl). Also, any doubts were 

resolved through a discussion between the mentioned authors. 

2.5 Risk of bias appraisal: 



The Cochrane Risk of Bias Tool was used by two independent reviewers to qualify the included 

RCTs and explore potential risk of bias for the following categories: sequence generation, 

allocation concealment, blinding, blinding of outcome assessment, incomplete outcome data, 

selective reporting and other biases. “Low”, “High” or “Unclear” terms were used to judge each 

item. Additionally, any disagreement was resolved by the corresponding author. RevMan v5.3 

software was executed to draw a proper figure. 

2.6 Statistical analyses: 

A random-effects model was applied to pool weighted mean difference (WMD) and 95% 

confidence intervals (CI). Statistical heterogeneity [18] was assessed using I2 (high ≥ 50%, low < 

50%) for chi-square [19]. In addition, meta-regression were conducted by potential moderators 

including mean age of participants and treatment duration to seek the source of statistical 

heterogeneity. Potential publication bias was assessed using Egger’s test for outcomes with more 

than 2 effect sizes [20]. To evaluate the impact of each study on the pooled results, sensitivity 

analysis (removing one study at a time) was executed. A P-value < 0.05 was considered as 

statistically significant. Stata v13 was used to analyze all data. 

 

3 Results: 

3.1 Flow and demographic characteristics of included studies: 

The study selection process is shown in Figure 1. Briefly, 437 records were identified by 

systematic search of the online databases (PubMed: 55, Embase: 48, Scopus: 178 and Web of 

Science: 156). One hundred and eighty six papers were omitted because they were duplicates. Of 



the remaining records, 241 did not meet the inclusion criteria by screening titles and abstracts 

and were also excluded. Thus, 9 studies were assessed for eligibility and screened by full-text. 

Finally, 3 full-text articles were included in the present systematic review and meta-analysis [1, 

6, 21]. 

Table 1 shows some demographic characteristics of the included RCTs. The timeframe of 

publication was between 2007 and 2019. One study was conducted in South Africa [21], two 

others in the USA [1] and India [6]. Two RCTs were designed as parallel [6, 21] and one trial 

was designed as crossover [1]. The range of mean age of the total participants was between 45 

and 56.8 years old. In total, 190 and 202 subjects in the intervention group and control group 

were pooled in this meta-analysis, respectively. Minimum and maximum intervention duration 

was 4 weeks and 12 weeks, respectively. Although, one study reported no data for dosage of 

cashew [21], dosage of the two other studies was 30 [6] and 42 [1] gram per day. The 

methodological quality assessment of the included trials is shown in Figure 2. 

3.2 The effects of cashew intake on the lipid profile: 

As shown in Figure 3A, B, C, D, serum TG (WMD = 1.12 mg/dl, 95% CI = [-7.51, 9.74], P = 

0.80, I2 = 0.0%), HDL-C (WMD = 0.29 mg/dl, 95% CI = [-2.52, 3.10], P = 0.84, I2 = 65.3%), TC 

(WMD = 0.86 mg/dl, 95% CI = [-4.47, 6.18], P = 0.75, I2 = 44.0%) and LDL-C (WMD = -0.93 

mg/dl, 95% CI = [-4.83, 2.96], P = 0.63, I2 = 33.1%) were not significantly affected by cashew 

consumption as compared to the control group. 

3.3 The effects of cashew intake on the improvement of blood pressure: 



As presented in Figure 3E, cashew composition significantly lowered SBP (WMD = -3.39, 95% 

CI = [-6.13, -0.65], P = 0.01, I2 = 0.0%). However, DBP (Figure 3F) was not significantly 

affected by cashew intake (WMD = -1.45, 95% CI = [-3.16, 0.26], P = 0.97, I2 = 0.0%). 

 

 

3.4 Meta-regression: 

Meta-regression analysis did not find the sources of statistical heterogeneity for HDL-C based on 

mean age (coefficient = 0.30, 95% CI = [-3.86, 4.47], P = 0.52]) and treatment duration 

(coefficient = 0.22, 95% CI = [-6.70, 7.14], P = 0.75]).  

3.5 Publication bias and sensitivity analysis: 

No significant publication bias was found in the meta-analyses (P for TG = 0.24, HDL-C = 0.38, 

LDL-C = 0.73 and TC = 0.84). Also, sensitivity analysis revealed that pooled results were not 

affected by each of the included trial (Figure 5). 

4 Discussion: 

In this systematic review and meta-analysis on RCTs, cashew nut consumption reduced SBP 

significantly but had no effects on lipid profile and DBP. 

With increasing the prevalence of CVD, researchers have focused on dietary approaches that can 

lower CVD risk factors. In this regard, healthy dietary patterns such as DASH diet or 

Mediterranean diet and some functional foods such as tree nuts have been under more study [21]. 

Tree nuts which are an important component of DASH diet are low glycemic food items which 

are high in protein, PUFA, MUFA dietary fiber vitamins and minerals which are all in line with 



dietary recommendations for CVD prevention and control [21]. Also, previous research has 

confirmed their role in preventing cardiovascular events [8].  

Previous meta-analyses have revealed positive effects of tree nuts on lowering LDL cholesterol 

and total-cholesterol level [8, 22-24]. But there remain some unresolved questions in this field. 

For instance, it is not clear if some nuts are more effective in lowering cardiovascular risk factors 

than others. 

In the present meta-analysis, cashew nut consumption had no significant effect on blood lipids. 

Cashew nuts have a high content of MUFA (37.9%), and PUFA (11.97%) [25]. Besides the 

hypocholestrolemic effects of PUFAs, MUFAs are effective in cholesterol-lowering, but less 

than PUFAs and their effects on lowering cholesterol level depends on the saturated fatty acids 

other than stearic acid. When the intakes of hypercholestrolemic SFAs (C12:0-C16:0) are low, 

MUFA can lower LDL-C [26]. Also, based on the regression equations developed by Yu et.al., 

for predicting the effects of dietary fatty acids on blood lipids, MUFA and PUFA are negatively 

correlated to LDL-C [26]. Saturated fatty acids comprise 13.47% of cashew nut fats [25]. 

Saturated fatty acids have been shown to increase LDL-C, but in cashew, the predominant SFA 

(6.13%) is stearic acid (C18:0) [25]. Unlike other SFAs (C12:0-C16:0), which are 

hypercholestrolemic, stearic acid is neutral and it is not related to increased LDL-C and CVD 

risk [1, 26].  

The high content of MUFA (37.9%) and PUFA (11.97%) [25], and low levels of 

hypercholestrolemic SFAs in cashew have previously been related to LDL-lowering effects of 

cashew nut [1, 21]. But in the present meta-analysis, we did not find this effects. 



In a meta-analysis on the effects of tree nuts on cardiovascular risk factors, nut consumption 

lowered total cholesterol, LDL cholesterol, and ApoB. In dose-response analysis, it was shown 

that daily intake of 60 g (about 2 oz, or 2 servings) of nuts had stronger effects on lowering LDL-

C, and providing 100 g nuts per day reduced LDL-C by up to 35 mg/dL [27]. In the trials 

included in the present study, doses of cashew was remarkably less than the mentioned amounts. 

Additional trials on the effects of higher doses of cashew on lipid profile are needed. 

In the present study, cashew nuts appeared to lower systolic blood pressure. The potentially 

positive effects of nuts on blood pressure are likely to effective because of their fatty acid 

composition. It was previously shown that α-linolenic acid in walnut was related to decreased 

blood pressure [28], and also high MUFA intake was documented to lower blood pressure [29], 

decrease inflammation and prevent cardiovascular events [21]. Previous studies have also 

revealed that substitution of carbohydrates with MUFA can lower blood pressure [30]. Schutte 

et.al., found that consumption of unsalted cashew for 20% of energy for 8 weeks could improve 

baroreflex sensitivity, which is a key mechanism for blood pressure control [31]. Baroreceptor 

sensitivity is an important factor in development of cardiovascular diseases and metabolic 

syndrome [31]. It is well documented that lipid profile abnormalities can lead to increased blood 

pressure and increased risk for CVD events, by impairing baro-receptor sensitivity (BRS), and 

impaired BRS is tightly associated with hypertension and increased inflammatory markers [31]. 

BRS is highly affected by dietary components [31], and studies have confirmed that diet can 

affect BRS. And it was revealed by Schutte et.al., that cashew consumption which is high in 

PUFA can increase BRS sensitivity. Also, dietary fats are effective on the density and function 

of cardiac adreno-receptors [31]. 



Beside the fatty acid composition of the nuts, other components of nuts may be responsible for 

cardioprotective effects. Nuts are high in plant sterols, dietary fiber, folic acid, antioxidants, 

arginine that have positive effects on endothelial function. Cashew nuts contain large amounts of 

arginine. Thirty grams of cashew contains 2.9 g arginine [6]. Arginine is the precursor of nitric 

oxide, an endogenous vasodilator [32], which can be responsible for blood pressure lowering 

effects of cashew. Results of a meta-analysis confirmed that arginine supplementation (6-63 

g/day) can improve flow mediated dilation and cardiovascular health [33]. Therefore, cashew can 

control blood pressure via several mechanisms. 

To the best of our knowledge, the present study is the first meta-analysis on the effects of cashew 

nut on cardiovascular risk factors. As a strong point to the present study, our systematic search 

minimized the probability of missing studies in this field. Also, the duration of the interventions 

were logical to see changes in blood lipids [34]. The limitation of the present study is the small 

number of included studies, due to the limited published papers. Also, in the studies included, the 

fatty acid and macronutrient proportion of the diets of cashew and control group were not 

identical, and cashew inclusion in the diet led to differences between the two group’s diets. 

Therefore, it is suggested that future studies apply identical diets to both intervention and control 

groups so that the seen effects could be related to the nuts. Moreover, the included participants 

were not restricted to a special disease. In addition, the included trials reported insufficient data 

for undertaking meta-regression based on the other heterogeneous covariates. 

Conclusion: This meta-analysis demonstrated that cashew nut consumption might reduce SBP 

but has no effects on lipid profile and DBP. 
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Table 1. Demographic characteristics of the included RCTs 

 

First author 

(Publication 

year) 

Country 
Type of 

trial 

Participants 

health 

status 

Mean 

age 

(year) 

Sample size 

(Intervention 

group / Control 

group) 

Treatment 

duration 

(week) 

Dose of 

Cashew 

(gram / day) 

Included 

outcomes 

Mukuddem-

Petersen 

(2007) 

South 

Africa 
Parallel 

Metabolic 

syndrome 
45 21 / 22 8 w NR φ 

SBP, SBP, 

TG, TC, 

HDL-C, 

LDL-C 

Mohan (2018) India Parallel T2DM 51.3 129 / 140 12 w 30 

SBP, SBP, 

TG, TC, 

HDL-C, 

LDL-C 

Baer (2019) The USA Crossover 
Healthy 

adults 
56.8 40 / 40 4 w 42 

TG, TC, 

HDL-C, 

LDL-C 

φ
 
not clearly reported 

 

 

 

 

 

 



 

Figure 1. Flow diagram of data selection process 

 

 



 

Figure 2. Risk of bias assessment of the included studies according to the Cochrane guidelines 

 



 

Figure 3. Forest plot detailing WMDs and 95% CIs for the meta-analyses of serum TG (A), 

HDL-C (B), LDL-C (C), TC (D), SBP (E) and DBP (F) 

 

 



 
 

Figure 4. Meta-regression of HDL-C with treatment duration (A) and mean age of participants 

(B) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure 5. Sensitivity analysis for TG (A), HDL-C (B), LDL-C (C) and TC (D) 


