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Abstract: Nuts are rich in various nutrients. Recent evidence suggests that nut consumption has 

beneficial effects on blood pressure, lipid profile, obesity, inflammation, and oxidative stress, which 

reduce the risk of cardiovascular disease. Previous studies have shown that nut consumption 

improves body composition without causing weight gain, despite total energy intake increases. 

However, evidence regarding nut consumption and physical fitness is limited. The aim of this mini 

review is to summarize the evidence regarding effects of nuts on physical health, fitness, and 

exercise performance. Almond supplementation improves exercise performance, but pistachio 

supplementation does not. The effect of nuts on exercise performance was controversial. On the 

other hand, unsaturated fatty acid-enriched nuts had a beneficial effect on skeletal muscle mass and 

oxygen consumption. A diet enriched with nuts also improved physical fitness, which was enhanced 

by exercise. Although the characteristics of the study participants and the interventions used in the 

studies are heterogeneous, nuts have a potential to improve physical fitness. However, further studies are 

required to reveal the effects of nuts on physical fitness, exercise performance, and endurance capacity. 
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1. Introduction 

Nuts are rich in proteins, fats, particularly unsaturated fatty acids, fiber, vitamins, minerals, 

phytosterols, and polyphenols [1]. The nut food group includes almonds, hazelnuts, walnuts, 

pistachios, cashews, pecans, pine nuts, macadamia nuts, Brazil nuts, and peanuts. Today, many 

people around the world consume nuts daily. Previous studies analyzing the data from the National 

Health and Nutrition Examination Survey have revealed that nut consumers had better nutrient intake 

than non-nut consumers [2,3]. After the early 1990s, a large number of studies on nuts and health 

benefits have been conducted. Clinical trials have demonstrated that nut intake improves lipid 

profiles [4], and epidemiological studies have shown that nut consumption is associated with a 

reduced risk of coronary heart disease [5]. Growing evidence suggests that nut consumption has 

beneficial effects on blood pressure, obesity, inflammation, and oxidative stress, which reduce the 

risk of cardiovascular disease (CVD) [6]. In 2013, a randomized controlled trial (RCT) showed that a 

Mediterranean diet enriched with mixed nuts reduced the incidence of cardiovascular events [7]. The 

Prevención con Dieta Mediterránea (PREDIMED) trial is a large, parallel-group, multicenter RCT 

conducted in Spain. This trial aimed to investigate the effects of dietary intervention alone on 

primary cardiovascular prevention, and one of three diet groups was given a Mediterranean diet 

supplemented with 30 g of mixed nuts (15 g of walnuts, 7.5 g of hazelnuts, and 7.5 g of almonds) [7]. 

Secondary analyses of this trial also showed that eating the Mediterranean diet enriched with mixed 

nuts was associated with improved abdominal adiposity [8], high-density lipoprotein function [9], 

and inflammation [10]. The beneficial effects of nuts on health, especially CVD, have become 

increasingly clear. On the other hand, evidence regarding nut consumption and physical fitness is 

limited. Fat supplements, including conjugated linoleic acid (CLA) and fish oil, which contains 

omega-3 fatty acids such as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), improve 

endurance capacity and reduce muscle damage and inflammatory responses during exercise [11]. 

Moreover, omega-3 fatty acid supplementation can influence skeletal muscle metabolism and has the 

potential to prevent sarcopenia [12]. Nuts are rich in monounsaturated fatty acids (MUFAs) (oleic 

acid) and polyunsaturated fatty acids (PUFAs) (linoleic and α-linoleic acid) [13,14]. The fatty acid 

composition of nuts is expected to be beneficial for physical fitness. Hence, the aim of this review is 

to summarize and evaluate the evidence related to nuts for exercise performance, endurance capacity, 

and skeletal muscle in addition to pathological conditions including CVD, and to discuss the 

potential health benefits of nuts. 

2. Materials and Method 

The relevant studies were identified by searching the following electronic databases: 

PubMed/MEDLINE and the Cochrane Library. First, to summarize the effects of nut consumption on 

obesity, metabolic diseases, and CVD, the relevant systematic reviews and meta-analyses were 
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identified. Second, the studies investigating the role of nuts in exercise performance and skeletal 

muscle metabolism were searched. The search terms were “nuts”, “exercise”, and “skeletal muscle”. 

We also searched the literature using the search terms “unsaturated fatty acid”, “exercise”, and 

“skeletal muscle”. Inclusion criteria for study selection were as follows: (1) human studies; (2) 

dietary interventions (nuts, a diet enriched with nuts, or unsaturated fatty acids contained in nuts); (3) 

RCT or randomized crossover trials. Studies investigating the effects of nuts on body composition 

alone were excluded. Studies using an energy restricted diet were also excluded. The titles and 

abstracts of the identified articles were reviewed to determine their relevance. In total, 5 studies met 

the criteria. 

3. Nuts for Health 

3.1. Composition of nuts 

We provide general information on composition of nuts, and summarize the current literature 

regarding beneficial effects of nuts on pathological conditions such as obesity, metabolic diseases, 

CVD, and liver disease. The high content of MUFAs in macadamia nuts [15], peanuts [16], and 

pecans [17] improves serum lipid profiles. Walnuts, which are unique because of their high content 

of PUFAs compared with other nuts, are also known to reduce total cholesterol and low-density 

lipoprotein (LDL) cholesterol levels [18,19]. Dietary PUFAs from walnuts improve insulin 

sensitivity in patients with type 2 diabetes [20]. Accumulating evidence suggests that the fatty acid 

compositions of nuts have beneficial effects on CVD risk factors. Table 1 shows the average energy, 

protein, fat, fiber, and fatty acid compositions of nuts [5,6]. 

Table 1. Compositions of nuts (per 100 g). 

Nuts Energy 

(kcal) 

Protei

n (g) 

Fiber 

(g) 

Fat 

(g) 

SFA 

(g) 

MUFA 

(g) 

PUFA 

(g) 

Almonds 577.9 21.3 8.8 50.6 3.9 32.2 12.2 

Brazil nuts 655.6 14.3 8.5 66.4 15.1 24.5 20.6 

Cashews 553.1 18.2 5.9 46.4 9.2 27.3 7.8 

Hazelnuts 628.3 15.0 10.4 60.8 4.5 45.7 7.9 

Macadamia 

nuts 

718 7.9 6.0 75.8 12.1 58.9 1.5 

Peanuts 530.6 25.8 8.5 49.2 6.8 24.4 15.6 

Pecans 690.5 9.2 8.4 72.0 6.2 40.8 21.6 

Pine nuts 673 13.7 3.7 68.4 4.9 18.8 34.1 



444 

AIMS Medical Science  Volume 4, Issue 4, 441–455. 

Pistachios 557.4 20.6 9.0 44.4 5.4 23.3 13.5 

Walnuts 654.4 15.2 6.4 65.2 6.1 8.9 47.2 

SFA: saturated fatty acid; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty acid. 

3.2. Effects of nuts on obesity, metabolic risk factors, CVD, and liver disease 

A number of systematic reviews and meta-analyses investigating the effects of nuts on 

pathological conditions such as obesity, dyslipidemia, and CVD have been published. Compared 

with control diets, nut consumption did not increase weight, BMI, or waist circumference [21]. 

Among included clinical trials in this study, only one RCT reported that almond supplementation at 

84 g per day significantly reduced weight, BMI, and waist circumference [21]. Almonds also have a 

favorable effect on lipid profile. Total cholesterol and LDL cholesterol levels were significantly 

decreased when the daily almond consumption was ≥45 g [22]. In addition, Del Gobbo et al. [23] 

showed that various tree nuts intake decreased total cholesterol (−4.7 mg/dL), triglyderides (−2.2 mg/dL), 

LDL cholesterol (−4.8 mg/dL), and ApoB (−3.7 mg/dL) levels. Walnuts, pistachios, macadamia nuts, 

hazelnuts, and almonds (28.4 g per day) had significant cholesterol-lowering effects; however, 

stronger effects were observed for ≥60 g of nuts per day. The authors stated that the major 

determinant of cholesterol-lowering effects seemed to be dose rather than type of nuts. On the other 

hand, walnuts which are composed largely of PUFA, especially linoleic and α-linoleic acid 

significantly decreased total and LDL cholesterol levels [24]. Walnuts supplementation at 10–24% of 

total calories decreased total and LDL cholesterol levels by 10.3 mg/dL and 9.2 mg/dL, respectively [24]. 

The unique fatty acid profile of walnuts may beneficially affect lipid profile. Mohammadifard et al. [25] 

showed that nut consumption lowered systolic blood pressure (−1.29 mmHg) in individuals without 

type 2 diabetes. Almonds (84 g per day), walnuts (44–58 g per day), pistachios (30 or 60 g per day) 

had blood pressure-lowering effects. Subgroup analysis revealed that pistachios, but not other nuts, 

decreased both systolic (−1.82 mmHg) and diastolic (−0.80 mmHg) blood pressure [25]. Moreover, a 

recent systematic review and meta-analysis has shown that higher nut consumption is associated with 

a reduced risk of CVD and all-cause mortality [26]. A total of 20 prospective cohort studies (n = 467,389) 

were analyzed. Nut consumption was associated with a lower risk of CVD mortality (risk ratio 

(RR) = 0.73), all-cause mortality (RR = 0.81), coronary heart disease (RR = 0.66), and coronary 

heart disease mortality (RR = 0.70). Four weekly nuts servings (112 g per week) were associated 

with risk reductions in all-cause mortality (RR = 0.81) and CVD (RR = 0.72). Five studies reported 

that peanuts and walnuts consumption were associated with a reduced risk of CVD and all-cause 

mortality [26]. These findings were summarized in Table 2. There has been conflicting evidence on 

whether nuts have a potential to improve liver disease such as non-alcoholic fatty liver disease 

(NAFLD) and non-alcoholic steatohepatitis (NASH); however, the Mediterranean diet enriched with 

nuts may be beneficial for the treatment of NAFLD [27]. Luo et al. [28] showed that walnuts 
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supplementation reduced hepatic fat concentration in mice. Nuts may also improve NAFLD and NASH. 

Table 2. Effects of nuts on obesity, lipid profile, blood pressure, and CVD. 

Authors, year Study design Included studies Dose and type of nuts Results 

Flores-Mateo 

et al., 2013 

[21] 

Systematic 

review and 

meta-analysis 

Randomized 

crossover/paralle

l trials 

Various (almonds, 

cashews, peanuts, 

walnuts, pecans, 

pistachios, hazelnuts) 

Effective nut 

supplementation: 

84 g/day of almonds 

Weight→, BMI→, 

waist 

circumference→ 

Musa-Veloso 

et al., 2016 

[22] 

Systematic 

review and 

meta-analysis 

RCTs Almonds, ≥45 g/day Total cholesterol↓, 

LDL cholesterol↓ 

Del Gobbo et 

al., 2015 [23] 

Systematic 

review and 

meta-analysis 

Controlled trials Various (walnuts, 

pistachios, 

macadamia, 

hazelnuts, almonds) 

≥60 g/day 

Total cholesterol↓, 

triglycerides↓, LDL 

cholesterol↓, ApoB↓ 

Banel et al., 

2009 [24] 

Systematic 

review and 

meta-analysis 

Randomized 

crossover/paralle

l trials 

Walnuts, 10–24% of 

daily energy intake 

Total cholesterol↓, 

LDL cholesterol↓ 

Mohammadifa

rd et al., 2015 

[25] 

Systematic 

review and 

meta-analysis 

RCTs Various (almonds, 

walnuts, pistachios, 

cashews, mixed, 

peanuts) 

Effective nut 

supplementation: 

84 g/day of almonds 

44–58 g/day of 

walnuts 

30 or 60 g/day of 

pistachios 

Systolic blood 

pressure↓ in 

subjects without 

type 2 diabetes 

Systolic and 

diastolic blood 

pressure↓ in 

subjects who were 

supplemented with 

pistachios 

Mayhew et al., 

2016 [26] 

Systematic 

review and 

meta-analysis 

Prospective 

cohort studies 

Various (not reported 

in detail) 

112 g/week 

All-cause 

mortality↓, CVD 

mortality↓, risk of 

CHD↓, CHD 

mortality 

CVD: cardiovascular disease; RCT: randomized controlled trial; BMI: body mass index; LDL: 

low-density lipoprotein; CHD: coronary heart disease. 
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3.3. Adverse effects of nut consumption 

Generally, nuts are safe foods with nutritional function claims; however, excess consumption of 

nuts induces toxicity, weight gain [29], and allergic reactions [30].  

3.4. Influence of conditions of nuts on health benefits 

As mentioned above, raw nuts have beneficial effects on CVD risk factors. However, 

commercially available nuts are usually roasted and salted. Tey et al. [31] investigated whether 

roasting and salting nuts had health benefits similar to raw nuts. Both forms of hazelnuts improved 

lipid profile and blood pressure. Schlörmann et al. [32] also reported that nuts exhibited best quality 

by roasting at 120–160℃. Fatty acid composition of nuts were not influenced by roasting. In 

addition, a systematic review shows that roasting reduces the allergenicity of nuts [33]; therefore, 

roasted and lightly salted nuts are effective and safe as well as raw nuts. 

4. Nuts in Exercise 

4.1. Effects of nuts on exercise performance 

Recently, the effects of nuts on exercise performance has been reported. Nieman and colleagues [20] 

investigated the effects of pistachio supplementation on exercise performance and exercise-induced 

inflammation, oxidative stress, and immune dysfunction. This interesting randomized crossover trial 

enrolled 20 male cyclists who were randomly allocated to the pistachio intervention group or the 

non-intervention group. One subject was excluded from the analysis because he could not complete 

the second cycling time trial. Subjects engaged in two 75-km cycling time trials after pistachio 

supplementation at 85 g per day or no supplementation for 2 weeks. Subjects recorded all food and 

beverage intake during the 3-day period before each cycling time trial. On the trial day, subjects 

consumed either 42.5 g of pistachios with water or water alone 30 minutes before starting the trial. 

All subjects drank 3 ml of water per kg every 15 minutes, and subjects in the pistachio intervention 

group consumed 42.5 g of pistachios after 1 hour of cycling. Twenty-one hours after the cycling trial 

was finished, blood samples were taken in a fasting state. Energy intake was 35% higher in the 

pistachio intervention period compared with the non-supplementation period. Unfortunately, this 

study did not find a beneficial effect of pistachio supplementation on exercise performance. The 

performance times for the 75-km cycling trial were longer for subjects receiving pistachio 

supplementation than those of the controls. Oxygen consumption and ventilation were also lower 

during the pistachio supplementation period. On the other hand, exercise-induced inflammation and 

oxidative stress did not change. One of the strengths of this study is that a metabolomic analysis was 

also performed, which showed significant interaction effects for 19 metabolomics, including 
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raffinose, (12Z)-9,10-Dihydroxyoctadec-12-enoate, and sucrose. The unfavorable effects of pistachio 

supplementation on exercise performance may be associated with the crosstalk between raffinose 

release from the colon and increased (12Z)-9,10-Dihydroxyoctadec-12-enoate, which impairs 

mitochondrial function. The intensive exercise induces an increase in gut permeability and alters gut 

microbiota related to inflammation and immunity [34]. Although the underlying mechanism is 

unknown, pistachio ingestion may have a negative impact on such exercise-induced changes in 

intestinal function. In contrast, Yi et al. [35] reported a beneficial effect of almond consumption on 

endurance exercise performance. Ten male athletes were randomly assigned to consume 75 g of 

almonds or isocaloric cookies per day. Subjects participated in a 10-week crossover trial with a 

4-week phase for each diet intervention. A baseline exercise performance test was performed prior to 

the intervention. An exercise training program consists of 60–200 km of road endurance cycling and 

4–24 km of sprint cycling. Subjects engaged in training 5–6 days a week with an incremental 

increase in intensity and amount. Although the rate of perceived exertion was not different between 

the groups, almond consumption increased the cycling distance during the time trial by 1.7 km, 

whereas the isocaloric cookie consumption increased it by only 0.6 km. Almond consumption also 

resulted in higher carbohydrate oxidation, higher blood glucose levels, lower fat oxidation, lower 

free fatty acid levels, and lower oxygen consumption compared with the baseline measurements, 

which suggests that almonds helped the athletes to efficiently use carbohydrates as an energy source 

during exercise. In addition, hemoglobin levels and total antioxidant capacity were higher during 

almond phase than those in isocaloric cookies phase. The authors concluded that almonds may be 

useful for improving exercise performance. 

4.2. Effects of the fatty acid composition of nuts on skeletal muscle mass and endurance capacity 

Nuts are rich in oleic acid, linoleic acid, and α-linoleic acid [13,14]. The risk of coronary heart 

disease events and deaths was reduced by 15% and 23%, respectively, after a one g increase in 

α-linoleic acid consumption in men [36]. A systematic review and meta-analysis also showed that 

oleic acid intake was associated with a reduction in the risk all-cause mortality, cardiovascular 

mortality, and cardiovascular events [37]. These fatty acids enriched in nuts appear to have beneficial 

effects on health. However, few studies have examined the associations of oleic acid, linoleic acid, 

and α-linoleic acid consumption with physical fitness. Cornish et al. [38] hypothesized that α-linoleic 

acid may have direct anti-inflammatory effects, although the increase in EPA associated with 

α-linoleic acid supplementation would decrease inflammation. They investigated the effectiveness of 

α-linoleic acid supplementation on muscle strength and mass, as well as markers of inflammation, in 

older individuals who performed a resistance training program for 12 weeks. Untrained subjects over 

60 years of age were recruited and randomly assigned to the α-linoleic acid supplementation (~14 g 

per day) group or the placebo control group. The resistance training program consisted of 13 

activities for the whole body. Subjects performed 2–4 sets of 10–12 repetitions at 60–85% of their 



448 

AIMS Medical Science  Volume 4, Issue 4, 441–455. 

1-repetition maximum using a periodized resistance training program involving 4 blocks. After the 

resistance training program progressed for 12 weeks, IL-6 concentrations were decreased by 62% in 

men. Resistance training effectively improved chest and leg press strength, lean body mass, muscle 

thickness, body fat percentage, and bone mineral content and density. Although there were no 

significant group, sex, or time interactions, α-linoleic acid supplementation significantly increased 

knee flexor muscle mass in men. On the other hand, bone mineral density improved in the placebo 

group, whereas no change was observed in the α-linoleic acid supplementation group. α-linoleic acid 

acts as a substrate for EPA and DHA. This study concluded that α-linoleic acid supplementation has a 

minimal effect on skeletal muscle mass because the study duration was too short to improve muscle 

strength and mass. In addition, the authors speculated that increased EPA concentrations due to 

α-linoleic acid supplementation may increase prostaglandin concentrations, which have a catabolic 

effect on bone in older individuals [39]. A randomized, double-blind, controlled trial compared the 

effects of palmitic acid intake and oleic acid intake on oxygen consumption (VO2) (L/min) during 

and after exercise [40]. A total of 19 healthy young subjects were randomly allocated to a palmitic 

acid-enriched diet (fat, 40% of energy intake; 16.8% palmitic acid, 16.4% oleic acid) group or an 

oleic acid-enriched diet (fat, 40% of energy intake; 1.7% palmitic acid, 31.4% oleic acid) group. 

After 28 days of diet intervention, the subjects performed cycling exercises at 60% of their VO2 peak 

(mL/kg/min) for 80 minutes. The rates of VO2, carbon dioxide consumption (VCO2), and fat 

oxidation were measured during exercise and 270 minutes after exercise. No group differences were 

observed in body composition or the VO2 peak; however, VO2 was higher in the oleic acid group 

than that in the palmitic acid group. The average post-exercise VO2 (during 60 to 270 minutes after 

exercise) was approximately 10% higher than the pre-exercise VO2 in the oleic acid group, whereas 

there was no change in the post-exercise VO2 in the palmitic acid group. Oleic acid protects against 

palmitic acid-induced lipotoxicity by increasing mitochondrial fatty acid oxidation [41]. High intake 

of MUFAs from nuts may alter mitochondrial function for energy expenditure during exercise. 

4.3. Effects of a diet enriched with nuts on body composition and endurance capacity 

The Western diet, which is characterized by the over-consumption of sugar, salt, and saturated 

fat, increases the risk of coronary heart disease [42], impaired immune function [43], brain function [44], 

and insulin sensitivity [45]. On the other hand, a Mediterranean diet enriched with mixed nuts 

reduces the incidence of cardiovascular events [7]. An interesting RCT was conducted to examine the 

effects of a Paleolithic diet with or without aerobic exercise and resistance training in Sweden [46]. A 

total of 32 subjects with type 2 diabetes were randomized to a Paleolithic diet without exercise group 

and a Paleolithic diet with exercise group, and twenty-nine subjects completed the trial. The 

Paleolithic diet consisted of lean meat, fish, seafood, eggs, vegetables, fruits, berries, and nuts. 

Refined fats, sugars and salt were excluded. Subjects consumed 60 g of nuts per day via diet 

intervention. The exercise group engaged in a 12-week supervised exercise program comprising a 



449 

AIMS Medical Science  Volume 4, Issue 4, 441–455. 

combination of aerobic exercise and resistance training for one hour per day, three times a week. The 

training program was a progressive design: the first session consisted of low-intensity (70% of the 

maximum heart rate) aerobic exercise using a cross-trainer; the second session consisted of 

high-intensity (100% of the maximal workload) sprint interval training on a cycle ergometer; and the 

third session consisted of moderate-intensity (45–60% of the maximal workload) exercise on a cycle 

ergometer. After aerobic exercise, subjects performed resistance training using the whole body with 

10–15 repetitions for 2–4 sets. During the study period, the intake of protein, MUFAs, and PUFAs 

increased in all subjects. Energy intake was higher in the exercise group (1657 kcal/day) than that in 

the Paleolithic diet only group (1245 kcal/day). After the intervention for 12 weeks, fat mass 

decreased, hemoglobin A1c (HbA1c) levels decreased, and insulin sensitivity improved in both 

groups; however, no significant group differences were observed. In addition, the Paleolithic diet 

decreased leptin and adiponectin levels. The VO2 max increased in the Paleolithic diet with exercise 

group, whereas no change was observed in the Paleolithic diet without exercise group. Although lean 

mass was decreased in both groups, it was preserved in male subjects performing the exercise 

intervention. This study is noteworthy in that a Paleolithic diet enriched with nuts improves glycemic 

control. The reduction in HbA1c level was approximately 1% for 12 weeks, which is equal to drug 

treatment. Low levels of carbohydrates in a Paleolithic diet may cause this beneficial effect; however, 

increased intake of MUFAs may also improve glycemic control [47]. The Paleolithic diet decreased 

fat mass; however, lean mass did not increase even with supervised exercise. This is probably 

because of the characteristics of the study subjects. This study included subjects with type 2 diabetes 

who had an average age of 60 years and a BMI of 31 kg/m
2
. Obese individuals are sedentary and 

physically weak, and exercise interventions cannot improve obesity without decreasing lean mass as 

well as fat mass in obese older adults [48]. However, this study showed that the combination of a diet 

enriched with nuts and exercise increased cardiorespiratory fitness and preserved lean mass in men, 

which suggests that such a diet is also beneficial for the improvement of physical fitness in subjects 

with type 2 diabetes. Table 3 summarizes the studies investigating the effects of nuts, the fatty acid 

composition of nuts, and diets enriched with nuts on exercise performance or physical fitness. 

Table 3. Effects of nuts, the fatty acid composition of nuts, and diets enriched with nuts on 

physical fitness. 

Authors, year Study design Subjects Intervention Results 

Nieman et al., 

2014 [20] 

Randomized 

crossover trial 

20 male cyclists 

Age: 38 ± 1.6 years 

Sex: all men 

BMI: no description 

(height: 181 ± 2 cm; 

weight: 76.8 ± 2.3 

kg) 

Pistachio 

supplementation: 

85 g/day for 2 

weeks 

Energy intake↑, 

performance time 

for the 75-km 

cycling trial↓, 

VO2↓, ventilation↓, 

post-exercise 

oxidative stress↑ 
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Yi et al., 2014 

[35] 

Randomized 

controlled 

crossover 

trial 

8 trained male 

cyclists and 2 

triathletes 

Age: 22.3 ± 1.6 years 

Sex: all men  

BMI: no description 

(height: 180.6 ± 7.2 

cm, weight: 74.2 ± 

7.7 kg) 

Almond 

supplementation: 

75 g/day for 4 

weeks of almond 

consumption and 

isocaloric cookies 

consumption 

Cycling distance↑, 

hemoglobin↑, total 

antioxidant 

capacity↑, FFAs↓ 

Cornish et al., 

2009 [38] 

RCT 51 untrained subjects 

over 60 years of age 

Age: 42.5 ± 8.2 years 

Sex: 37 men and 31 

women 

BMI: 30.9 ± 7.5 

kg/m
2
  

α-linoleic acid 

supplementation: 

14 g/day 

Resistance training 

12 weeks 

Knee flexor muscle 

mass↑ in men 

IL-6↓ in men 

Bone mineral 

density→ 

Børsheim et 

al., 2006 [40] 

RCT 19 healthy, non-obese 

young subjects 

Age: 25.3 ± 0.9 years 

in the high oleic acid 

group and 27.9 ± 3.5 

years in the high 

palmitic acid group  

Sex: 12 men and 7 

women  

BMI: 22.8 ± 0.7 kg/ 

m
2
 in the high oleic 

acid group and: 25.2 

± 0.8 kg/ m
2
 in the 

high palmitic acid 

group  

Palmitic 

acid-enriched diet 

(fat, 40% of 

energy intake; 

16.8% palmitic 

acid, 16.4% oleic 

acid) and oleic 

acid-enriched diet 

(fat, 40% of 

energy intake; 

1.7% palmitic 

acid, 31.4% oleic 

acid)  

4 weeks 

VO2↑ in the high 

oleic acid group 

compared with that 

in the high palmitic 

acid group 

Otten et al., 

2014 [46] 

RCT 29 patients with type 

2 diabetes 

Age: 60 years in the 

Paleolithic diet group 

and 61 years in the 

Paleolithic + exercise 

group 

Sex: 19 men and 10 

women 

BMI: 31.4 kg/m
2
 in 

the Paleolithic diet 

group and 31.7 kg/m
2
 

in the Paleolithic + 

exercise group 

Paleolithic diet: 60 

g of nuts per day  

Aerobic exercise 

and resistance 

training for 12 

weeks 

Fat mass↓, lean 

mass↓ in men 

VO2 max↑ in the 

Paleolithic diet + 

exercise group 

HbA1c↓, insulin 

sensitivity↑, leptin↓  

hs-CRP: high-sensitivity C-reactive protein; TNF-α: tumor necrosis factor-α; FFAs: free fatty acids; 

IL-6: interleukin-6; HbA1c: hemoglobin A1c; VO2: oxygen consumption. 
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5. Limitations 

Several limitations need to be addressed. Ideally, systematic search should be performed to 

include all the relevant studies. However, there are currently too few studies to conduct a systematic 

review concerning the effect of nuts on physical fitness. We included 3 studies reporting effects of 

the fatty acid composition of nuts and diets enriched with nuts on physical fitness; however, these 

studies may not clarify the direct effect of nut consumption on physical fitness. There are only 2 

intervention studies investigating the effect of nuts itself in humans. It is inconclusive whether nut 

consumption have a beneficial effect on physical fitness. The current evidence regarding nuts for 

physical fitness is sparse, and further studies would be required. 

6. Conclusions 

It is beyond question that nuts have health benefits. Diet therapy is essential for all types of 

disease. Recent evidence showing that nuts reduce CVD risks [6] has a great impact on nutritional 

medicine. However, the effects of nuts on physical fitness in humans have not been fully investigated, 

and the evidence from well-designed clinical studies is limited. In this review, we summarized the 

relevant studies in detail. It is notable that the intake of oleic acid may increase VO2 without exercise 

intervention in healthy individuals. If exercise is adequately combined with nut supplementation, 

skeletal muscle mass and strength will increase, and cardiorespiratory fitness will improve more 

effectively. On the other hand, the effects of nuts on exercise performance are controversial. A 

possible explanation for the discrepancy between the study results from Nieman et al. [20] and Yi et 

al. [35] involves the difference in the physical fitness of the subjects at baseline. A small number of 

subjects and a short study duration may also affect the results. In addition, the effects of nuts on 

exercise performance have been investigated in only young athletes. Nuts may improve physical 

performance as well as body composition in older individuals; however, no such reports exist. There 

is considerable heterogeneity between studies; the characteristics of the study participants, the 

amount of nut supplementation, and the study duration could affect the results. EPA, DHA, and CLA 

reduce muscle glycogen breakdown, muscle damage, and inflammation and may increase 

testosterone synthesis, which induces physical performance improvement [11]. Intake of omega-3 

PUFAs was suggested to have a positive association with skeletal muscle fitness [12,49] and a 

beneficial effect on the exercise performance of athletes via attenuating the inflammatory and 

immunomodulatory response to exercise [50]. More than 20 years ago, Aguilanio and colleagues [51] 

reported that PUFA supplementation ameliorated exercise-induced hypoxemia. These findings 

suggest that unsaturated fatty acids play a pivotal role in the improvement of physical fitness. To 

elucidate the effect of nuts on physical performance, further studies are required. A Mediterranean 

diet enriched with nuts enhances antioxidant activities in individuals with metabolic syndrome [52]. 

Experimental studies have also shown that nuts increase hepatic antioxidant enzyme activities [53], 
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protect against cell death and calcium dysregulation in hippocampal cells [54], improve cognitive 

and motor function [55], exhibit prebiotic effects [56] and even inhibit colorectal cancer growth [57]. 

Nuts are promising as a food with nutritional function claims. 
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