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Abstract

Nitric oxide is a key regulator of many systems in the human body and has become a popular supplement for
sports, given its potential to increase health and physical performance. Spinach extract contains a rich
amount of nitrates, and we aim to examine the effects of its supplementation on physical performance, body
composition, and safety profile. A systematic review following the guidelines from the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) was performed in PubMed, Embase, and
Cochrane Library for randomized controlled trials (RCTs) reporting on physical performance parameters
after spinach extract supplementation. Study variables extracted included author, publication date, study
year, number of patients, male/female ratio, mean age, mean follow-up, dose regimen, pre- and post-
intervention patient-reported outcomes, and complications. Four RCTs (three red spinach, one green
spinach), with 94 patients (45.7% male, 54.3% female), mean age of 29.4 years (20.5 to 58.9) and mean
follow-up time of 43.8 days (7 to 84). Dosages ranged from 1 to 2 g. Spinach extract demonstrated significant
improvements in most physical performance parameters, mixed results on body composition, and no
complications were reported. Spinach extract demonstrates promising improvements in physical
performance and safety profile as an ergogenic aid. However, more research is required to determine optimal
dosing regimens and their effects in different patient populations.

Categories: Endocrinology/Diabetes/Metabolism, Integrative/Complementary Medicine, Sports Medicine
Keywords: nitrates, spinach, spinach extract, sports performance, supplements

Introduction And Background

Nitric oxide (NO-) is an important regulatory molecule that functions in many systems in the human body. It
plays key roles as a vasodilator, anticoagulant, skeletal muscle modulator, anti-oxidant, and insulin
modulator [1]. NO- has a short half-life as it can be easily oxidized. Thus, it travels in more stable forms in
the body, such as nitrate (NO3-) and nitrite (NO2-) [1-2]. NO3- can be converted to NO- through the NO3-
NO2-NO- pathway or converted to NO2- in the mouth or gastrointestinal (GI) tract by commensal bacteria

[2]-

Endogenously, the NO- synthase (NOS) dependent pathway synthesizes NO- from L-arginine. The NO- can
then be used directly or oxidized into NO3- or NO2- [3]. In endothelial cells, calcium signaling of endothelial
NOS (eNOS) can lead to NO- generation from L-arginine. This eventually leads to downstream interactions
with cGMP and myosin light chain to modulate vascular smooth muscle tone [3]. In cardiac myocytes,
different NOS isoforms have similarly been shown to be important for normal function and remodeling [4].
Nuclear signaling and transcription of different NOS isoforms is the primary method by which cells modify
the function of NO- [4]. Additionally, it has been shown that certain behavior modifications, such as regular
exercise activity, increase the body's innate NO- generation by upregulating eNOS expression, thus
increasing the blood's basal levels of NO3- [5]. Furthermore, NO- plays an important role in vasodilation
during states of ischemic hypoxia, where perfusion may be preserved [2].

The International Olympic Committee has designated five supplements to enhance physical performance:
caffeine, beta-alanine, sodium bicarbonate, beetroot juice, and creatine. Beetroot juice and NO3- are the
only two of the five that come from a natural source [6]. There are many sources of dietary NO3-, notably
leafy greens such as spinach, beets, Chinese flat cabbage, and arugula [7]. However, spinach extract
(red/amaranth and green/spinacia) contains a rich amount of NO3- and several other bioactive compounds
such as carotenoids, calcium, anti-oxidants, and polyphenols that may offer additional benefits. Green
spinach also contains a high ecdysteroid content, demonstrating anabolic strength and muscle mass
benefits.
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NO3- has become a popular supplement for sports, given its potential to increase health and physical
performance. However, the literature shows mixed results, with some studies showing improved
cardiovascular endurance via increased time-to-exhaustion and improved aerobic performance at varying
distances [8-9]. It also decreases the oxygen cost of submaximal intensity exercises in inactive and
recreational men and women [10]. This systematic review aims to compile and evaluate the effects of
spinach extract supplementation on physical performance, body composition, and safety profile. We
hypothesize that spinach extract will positively affect physical performance with an overall low rate of
complications.

Review

Methods
Search Strategy

This systematic review followed the guidelines established by the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA). A search was performed in PubMed, Embase, and Cochrane Library
on May 6, 2024. The query of articles was performed using the following search phrases: “spinach extract”,

“muscle”, “performance”, “outcomes”, “longevity”, “efficacy”, “athlete”, and “aerobic”. No restrictions were
set on the search strategies.

Article Selection

A PICOT (patient, intervention, comparison, outcome, time) method was used to determine our search
strategy. The patient population was defined as individuals of all age ranges taking spinach extract. The
intervention included the consumption of spinach extract alone or compared to a placebo or an active
comparator. Studies were included if they reported any physical performance outcomes post-
supplementation of spinach extract compared to placebos. There were no restrictions on dosage, duration of
use, or outcome measures. The outcomes in this study consisted of physical performance parameters, body
composition, rates of complications, and patient-reported outcomes (PROs). Studies with at least one-week
follow-up were included to examine the effects outside of acute supplementation. Exclusion criteria
included case reports, review articles, animal studies, conference abstracts, articles not in English, and
papers reporting no outcomes or outcomes other than those specified in the inclusion criteria. This review
was registered in the PROSPERO database as CRD42024550994.

Two reviewers independently reviewed all studies using predetermined eligibility criteria during the
title/abstract and full-text screening. A third reviewer was consulted if the initial two reviewers did not
agree on whether to include or exclude a study. Additionally, all included articles underwent a thorough
reference search to identify any additional studies that could be added to the systematic review.

Study Quality

The Cochrane Collaboration's Risk of Bias (RoB) tool was utilized to evaluate the quality and RoB of the
included articles [11]. Two reviewers assessed each article based on several criteria, including random
sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome
assessment, incomplete outcome data, selective outcome reporting, and other sources of bias. Any
disagreements were resolved through thorough re-reviewing until a consensus was reached.

The following information was gathered from each study: study details (author, title, publication year, year
of study), patient demographics (number of patients, male/female ratio, average age, average follow-up),
dosage of spinach extract, pre- and post-intervention PROs), and any complications. All the collected data
was organized in Google Sheets (Google LLC, Mountain View, CA, USA) for analysis, and tables were created
using Microsoft Word (Microsoft Corporation, Redmond, WA, USA) to present the data visually. Descriptive
statistics (such as means, percentages, and standard deviations) are included in this review when applicable
and available. Although a meta-analysis was planned to analyze combined pre- to post-intervention PROs,
it could not be performed due to the heterogeneity of the included studies.

Results

The initial search resulted in 409 articles for screening. With the removal of 87 duplicates, 391 studies were
excluded in the title and abstract screening. After screening 18 full texts, four studies remained to be
included in this systematic review, as shown in Figure 1.
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FIGURE 1: Preferred Reporting Items for Systematic Reviews and Meta-

Identification of studies via databases and registers

Records identified from*:
PubMed (n =291)
Embase (n = 189)
Cochrane Library (n = 16)

Records removed before
screening:
Duplicate records removed
(n=287)

A 4

Records screened
(n =409)

Records excluded
(n=391)

A4

Reports sought for retrieval
(n=18)

\4

Reports not retrieved
(n=0)

Reports assessed for eligibility
(n=18)

Reports excluded based on

preestablished exclusion criteria:

(n=14)

Studies included in review
(n=4)

Analyses (PRISMA) diagram of included studies

Demographic and Study Characteristics

In the four studies reviewed, there were 94 patients, with 45.7% male and 54.3% female [12-15]. The average
age of the patients was 29.4 years (ranging from 20.5 to 58.9), and the average follow-up time was 43.8 days
(ranging from 7 to 84). Two studies included only male participants [12-13]. The average NO3- content in the
red spinach extract (RSE) was 6.9% (ranging from 0.71% to 9%). The complete demographic data can be

found in Table 1.
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Study
Author Journal LOE
year
Pérez-
. ; September
Pifiero et .
Nutrients 2020-June 2
al., 2021
2021
[15]
Havnes et September
al y2021 Sports 2019-
N P March 30,
[12]
2020
Townsend Journal of
etal., Dietary NR 2
2022 [13]  Supplements
|
Gonzalez Joumna
Strength
etal, Conditionin. 2
1toni
2021 [14] 9
Research

Number
of
patients
(M/F)

8/37

10/0

16/0

9/8

Age
(years)

58.9
6.1

226+

205+
1.7

M:
222+
3.8y

F:22.8
+35y

Follow-

up
(weeks)

NO3-
content
(% of
total
spinach
extract
dosage)

14.18 mg
(0.71%)

180 mg
(9%)

180 mg
(9%)

90 mg
(9%)

TABLE 1: Patient demographics and study characteristics

NO3-: nitrate, LOE: level of evidence, NR: not reported, M: male, F: female

Composition of spinach extract

Per 100 g of extract: carbohydrates 29.3 g,
protein 20.4 g, fat <0.5 g, dietary fiber 9.6 g,
sodium 10.3 g NaCl, vitamin C <15 mg,
calcium39.5 mg, iron 34.3 mg, potassium 11.4

mg, and total sugars 20.7 mg

NR

NR

Citric acid, natural flavor, malic acid, Stevia
rebaudiana leaf extract, beet juice color, and

calcium silicate

Sequence
Author )
generation
Pérez-Pifiero
Unsure
etal., 2021 [15]
Haynes et al.,
Low
2021 [12]
Townsend et
Low
al., 2022 [13]
Gonzalez et .
High
al., 2021 [14]

The four studies assessed in this review demonstrated a low RoB for most domains. Pérez-Pinero et al. had a
potential RoB for domains one, three, and four and a high RoB for seven [15]. Haynes et al. had a low RoB for
all domains except for an unclear potential for bias in domain three [12]. Townsend et al. had a potential bias
in domains three and four and a high RoB in domain seven [13]. Lastly, Gonzalez et al. showed a high RoB in
domains one, two, three, and seven, with potential bias in domain four [14]. The Cochrane RoB breakdown
can be found in Table 2.

Allocation
concealment

Low

Low

Low

High

Blinding of
participants and

personnel

Unsure

Unsure

Unsure

High

TABLE 2: Cochrane Risk of Bias (RoB)

Blinding of
outcome

assessors

Unsure

Low

Unsure

Unsure

Incomplete
outcome
data

Low

Low

Low

Low

Selective
outcome
reporting

Low

Low

Low

Low

Other
sources of
bias

High

Low

High

High

Physical Performance

All four studies were double-blinded, randomized controlled trials. There were no common performance
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parameters between any of the studies. A complete summary of all physical parameters for each study can be

found in Table 3.

Intervention
Author Variable
dose

60° s peak torque
Nm

60° s™" Total work for
1RM, J

60° s~ total work, J

60° s average
power, W

180° s™! peak
torque, Nm

180° s~ total work
for 1RM, J

Pérez-Pifieroet Ovs2g/

o -1
al., 2021 [15] day 180° s™' total work, J

180° 5! average
power, W

90° s~ peak torque,
Nm

90° s average
peak torque, Nm

Handgrip strength
right hand, kg

Handgrip strength
left hand, kg

2025 Wen et al. Cureus 17(1): e77840. DOI 10.7759/cureus.77840

Placebo pre-
intervention

93.6 £16.9

85.2+13.6

384.7 +85.6

54.2+9.8

60.9+12.2

62.5+12.3

287.7+61.0

94.4+£223

119.7 £ 34.7

114.4 £34.2

248+8.7

23378

Pre-intervention for the
experimental group

91.6 £ 28.1

83.3+23.3

390.3+115.3

53.6+17.8

58.6 £ 19.5

62.2+223

285.3 +100.9

93.3 £ 35.6

124.7 £47.3

118.7 £44.5

257+82

233+74

Placebo post-
intervention

101.4 £ 18.0

94.3+20.0

4456 £92.4

60.3+13.2

64.2+12.9

68.4 +£14.3

317.3+66.8

102.2 +24.6

126.9 +28.9

121.0+£29.4

249+79

243+6.9

Post-
intervention

107.2 +26.6

101.5+24.7

4744 +
118.3

63.4+17.2

72.4+£19.3

79.2+23.5

363.3 +
104.5

115.1£31.9

143.2 £45.1

136.4 +44.7

26471

254+74

p-value

0.001*
0.001**
0.007***
0.001*
0.001**
0.009***
0.001*
0.001**
0.289***
0.001*
0.001**
0.109***
0.001*
0.001**
0.002***
0.001*
0.001**
0.005***
0.001*
0.001**
0.007***
0.001*
0.001**
0.027***
0.001*
0.001**
0.005***
0.001*
0.001**
0.002***
0.001*
0.001**
0.449***
0.001*
0.001**

0.247**
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Haynes et al.,
2021[12]

0vs 2 g/ day

Maximal dynamic
force (1RM), kg

41.4+14.0 43.2+13.8

A%SmO, (set 1)
SmO,RecT (s)
SmO,RecSlope
SmO,Peak (%)
A%SmO, (set 2)

SmO,RecT (s) (set
2)

SmO,RecSlope (set
2)

SmO,Peak (%) (set
2)

A%SmO, (set 3)

SmO,RecT (s) (set NR

3)
SmO,RecSlope (set
3)
SmO,Peak (%) (set
3)

A%SmO, (set 4)

SmO,RecT (s) (set
4)

SmO,RecSlope (set
4)

SmO,Peak (%) (set
4)

A%SmO,, (set 5)

Focus (cm) 76120 83+25

Energy (cm) 7229 7727

Fatigue (cm) 44+29 4.7+3.2

Muscle pump (cm) 43+4.1 3.9+3.1

Rating of perceived NR

2025 Wen et al. Cureus 17(1): e77840. DOI 10.7759/cureus.77840

57.3+15.1

69.0 £ 12.6

57.8+9.3

1.26 £ 0.44

87.0+3.24

61.4+158

60.2+14.0

1.07 £0.32

87.3+3.57

60.7 £ 12.4

58.7 £ 9.7

0.86 + 0.80

86.8 + 3.60

61.3+17.1

60.9+12.1

0.92 +£0.49

86.1+4.76

66.5+12.3

PRE: 8.7 £2.7

IP:9.9+18

PRE: 8.5 +2.6

IP:8.1+27

PRE: 4.5+2.3

IP:8.9+3.2

PRE: 6.6 + 3.1

IP:11.0+2.4

IP:9.9+1.8

60.1+16.7

63.2+19.7

60.8 +£27.3

1.14£0.33

85.3+£3.43

69.4+15.8

55.6+18.8

1.17£0.41

86.1+4.89

59.7 £ 16.1

53.2+58.7

0.91 £ 0.56

84.1+5.28

61.5+5.3

526+ 17.4

1.06 + 0.68

84.6 +£6.38

62.0+£21.3

PRE: 9.0 +
27

IP:9.8+28

PRE: 8.8 +
2.3

IP:7.4+25

PRE: 5.0 +
27

IP:10.1
24

PRE: 6.2 +
3.3

IP:11.2 %
22

IP:8.3+0.7

0.001*

0.001**

0.729***

N.S§**

N.S§**

N.§**

N.S§**

N.§**

N.§**

N.S§**

N.§**

N.S**

N.S**

N.S§**

N.S**

N.S**

N.S**

N.S§**

N.S**

N.S**

<0.05*

<0.05**

N.S

<0.05*

<0.05**

<0.05*

<0.05**

N.S
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exertion (AU)

PRE: 648.6 +

96.7
Congruence (ms) 751.2 £ 148.0 720.1 £129.4

IP: 614.9 £ 90.8

PRE: 754.8

91.3
Incongruence (ms) 877.4 £105.5 831.9+106.1

IP: 772.5 £ 111.0

PRE: 106.1 +
95.4
Stroop effect (ms) 113.6+724 111.8 £ 107.1
IP: 132.0 £ 54.5
Bench press 1RM
100.6 £ 21.1 107.7 £18.2 123.5+20.8
(kg)
Peak power (W) 1130.9£137.1  1024.4 £ 194.6 1108.1 £ 143.0
Relative peak power
125+ 1.84 114 +£1.42 126 £1.71
(W/kg)
Mean power (W) 682.3 + 108.0 651.1+80.9 682.4 + 86.9
Townsend et al.,
0vs 2 g/ day
2022 [13]
Relative mean
7.63 +1.40 7.33 £0.87 7.73 £1.03
power (W/kg)
Minimum power (W)  409.9 + 105.7 411.0 £50.0 413.7£91.8
Relative minimum
4.52+1.23 4.69 + 1.00 4.69+1.10
power (W/kg)
Fatigue index (%) 59.0+6.8 53.6 +11.3 579+57
4-km time (s) 410.6£31.3
Average power (W) 181.6+£35.1
Relative power
2.46+0.40
(W/kg)
Gonzalez et al.,
Ovs 1g/day Cadence (rpm) NR 76.0£7.0
2021 [14]
Average speed
— 35.3+2.5
(km/h)
Muscle fatigue (au) 9.742.4
RPE (au) 7.1+1.2

TABLE 3: Effect of spinach extract on physical performance outcomes

PRE: 625.0
+72.9

IP: 607.3 £
83.1

PRE: 749.0
+92.2

IP: 740.9 £
113.4

PRE: 126.0
+64.5

IP: 135.6 £
113.8

121.3+£216

1134.0 £
115.4

12.8 £ 1.86

699.3 +43.8

7.94+1.19

427.6+32.5

4.87 +£0.87

55.9+7.3

404.6+24.3

185.9£32.2

2.53+0.44

76.1+5.2

35.7+2.2

10.8+2.0

7.2¢1.3

<0.05*

<0.05**

<0.05*

<0.05**

N.S

<0.001*

0.298***

0.189*

0.095***

0.214*

0.128***

0.133*

0.135***

0.195*

0.178***

0.254*

0.978***

0.289*

0.970***

0.981*

0.345***

0.013***

0.022***

0.009***

0.884***

0.010***

0.187***

0.948***

NM: Newton meter, RM: repetition maximum, A%SmO?2: loss of muscle oxygenation, SmO2RecT: muscle reoxygenation time, SmO2RecSlope: muscle

oxygen resaturation rate, SmO2Peak: highest SmO2 value achieved in a rest period, AU: arbitrary units, PRE: immediately prior to exercise, IP:

immediately post-exercise, NR: not reported

* between baseline and end of the study for the intervention group, ** between baseline and end of the study for the placebo group, *** between the

intervention and placebo group
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In a study conducted by Gonzalez et al., the effects of RSE on cycle time trial performance were investigated.
Physically active men and women were given either 1 g of RSE or a placebo over seven days. The results
showed a significant difference between the RSE and placebo groups in terms of the 4-km time (p=0.013),
average power (p=0.022), relative power (p=0.009), and average speed (p=0.01). Additionally, differences
between men and women for these parameters were also noted (p<0.022) [14].

In a study by Haynes et al., 10 males received either a placebo (maltodextrin) or 2 g of RSE over seven days
[12]. The study found no significant differences between the RSE and placebo groups for any muscle
oxygenation parameter (loss of muscle oxygenation, muscle reoxygenation time, muscle oxygen resaturation
rate, and peak muscle oxygenation during the bench press). However, both groups showed a significant
increase in focus and muscle pump during bench press from baseline to immediately before exercise
(p<0.05). Both groups also significantly increased from baseline to after exercise for focus, energy, fatigue,
and muscle pump (p<0.05). Regarding the Stroop test, there was a significant decrease in the congruence
(matching the color with its word) and incongruence (matching the color with the word in a different colored
font) time before and after exercise for both groups. Additionally, the RSE and placebo groups had a
significantly lower incongruence time after exercise compared to before exercise.

Townsend et al. explored RSE and placebo effects in male collegiate baseball athletes over 11 weeks [13].
Besides a significant increase from baseline for one repetition maximum bench press for both groups, no
other parameter had a significant difference (peak and relative peak power (W, W/kg), mean and relative
mean power (W, W/kg), minimum and relative minimum power (W, W/kg), and fatigue index during the
Wingate anaerobic test), either from baseline or between the two groups.

Finally, in Pérez-Pinero et al., an older population of adults above the age of 50 was given either a placebo
(maltodextrin) or 2 g of green spinach extract (GSE) a day for 12 weeks [15]. For the experimental group, it
was found that there was a significant increase from the baseline measurements for all parameters (p=0.001,
p=0.004 for left-hand grip strength) except for right-hand grip strength. The placebo group showed a notable
increase from baseline for maximal dynamic force, muscle function at 60° s-1 and 90° s-1, and total work for
one and five repetitions at 180° s-1 (p<0.05). Statistically significant differences were observed between the
RSE and placebo groups for all parameters except for total work and average power at 60° s-1, handgrip
strength, and maximal dynamic force (p<0.05).

Body Composition

In the three studies that specifically examined RSE, heart rate, systolic blood pressure, and diastolic blood
pressure were common body parameters measured. However, two studies did not report exact values [12-13].
Two studies found a significant change in heart rate from baseline to the end of the experiment for both
groups (p<0.001) [12,14]. Gonzalez et al. also observed a significant decrease in diastolic blood pressure in
the RSE group compared to the placebo group (p=0.017). In Pérez-Pinero et al., measurements such as body
weight (kg), fat, lean, and appendicular skeletal muscle mass (kg) were recorded with GSE [15]. There was a
significant increase from baseline in the RSE group for fat, lean, and appendicular skeletal muscle mass
(p<0.05) and for lean and muscle mass in the placebo group (p<0.05). However, there were no significant
differences between the two groups. Additional body composition parameters can be found summarized in

Table 4.
Intervention ) Placebo pre- Pre-intervention for the Placebo post- Post-
Author Variable ) ) ) ) ) ) ) p-value
dose intervention experimental group intervention intervention
0.374*
Body weight, kg 68.0 £ 9.7 69.3 £8.2 67.7 £9.7 69.0+ 84 0.361**
0.975***
0.05*
Fat mass, kg 28.3+49 27.8+4.1 27.7+4.38 274+43 0.014**
0.615***
0.001*
Pérez-Pifiero et
Ovs2g/day Leanmass, kg 37.7+£74 39.0+6.6 38.1+£73 39.6+6.8 0.02**
al., 2021 [15]
0.254***
0.001*
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Haynes et al.,
2021[12]

Townsend et
al., 2022 [13]

Gonzalez et al.,
2021 [14]

0vs 2 g/ day

0vs 2 g/ day

0vs 1g/day

Muscle mass, kg

Appendicular skeletal
muscle mass, dominant leg,
kg

Heart rate

Systolic blood pressure

Diastolic blood pressure

Body mass (kg)

Fat free mass (kg)

Fat mass (kg)

Body fat (%)

Rectus femoris muscle
thickness (cm)

Vastus lateralis muscle
thickness (cm)

Heart rate

Systolic blood pressure

Diastolic blood pressure

Heart rate

Systolic blood pressure

Diastolic blood pressure

375+75 38.8+6.9
6.0+1.4 6.2+1.3
NR

91.2+9.0 89.7+13.7
75250 76.3+7.8
15.9+9.2 135+71
16.9+8.7 14.4+5.6
2.53+0.34 2.59 +0.36
1.72+0.24 1.76 £ 0.19
NR

69.2+11.2 67.6 £8.9
117.0+8.0 119.2+5.1
75.1+6.7 73.8+5.2

37974

6.0+£1.3

90674

774+49

133+7.1

14.3+6.9

2.82+0.31

1.86+0.24

PRE: 65.6 =
8.4

IP: 1495 +
13.4

PRE: 118.3 =
8.8

IP:149.2 8.2

PRE:75.2+7.0

IP:70.1 £5.0

TABLE 4: Effect of spinach extract on body composition and vital signs

2025 Wen et al. Cureus 17(1): e77840. DOI 10.7759/cureus.77840

394 +6.9

6.3+1.3

89.6+13.2

77.8+8.0

11.8+5.9

127+4.38

2.88 +£0.36

1.94 +£0.29

PRE: 66.2 +
8.6

1P:149.9 +
13.4

PRE:118.8 £
7.0

IP: 149.3 +
111

PRE:76.4 +
4.3

IP:66.1 £ 6.1

0.16**

0.429***

0.013*

0.143*

0.463***

<0.001*

0.301***

0.260*

0.717**

0.948*

0.216™**

0.646*

0.625***

<0.001*

0.342***

0.005*

0.428***

0.002*

0.450***

<0.001*

0.920***

<0.001*

0.620***

0.905*

0.374***

0.044*

0.563***

0.086*

0.490***

IP:
<0.001*

IP:
<0.001*

IP:
<0.05***
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RM: repetition maximum, PRE: immediately prior to exercise, IP: immediately post-exercise, NR: not reported

* between baseline and end of the study for the intervention group, ** between baseline and end of the study for the placebo group, *** between
intervention and placebo group

Adverse Events

Only three of the four studies in this study reported adverse events [12,14-15]. No adverse events were
recorded throughout the trials for RSE studies [12,14]. No adverse events were also recorded for the GSE
supplement [15].

Discussion

This systematic review analyzed four studies, with a total of 94 patients and a mean follow-up of 43.8 days,
to assess the outcomes of spinach extract supplementation on physical performance, body composition, and
rates of complications. Previous studies on spinach extract investigated the acute effects of supplementation
in short time frames, which may not represent its effects at longer-term follow-ups. The main findings in
this study were that RSE (three studies) and GSE (one study) demonstrated significant improvements in
physical performance parameters across most measured outcomes, mixed results on body composition, and
no complications noted. These results suggest that spinach extract supplementation has practical ergogenic
usability. However, these findings must be carefully interpreted as the number of included patients and
follow-up time was small. To the best of our knowledge, this is the first systematic review examining the
effects of spinach extract on exercise performance.

Physical Performance and Body Composition

The effects of exogenous NO3- supplementation on improving exercise performance are still debated in the
literature. Dietary supplementation with NO3- or NO- precursors has become more common due to its
purported effects on exercise performance [16]. Recent systematic reviews and meta-analyses have
suggested an optimal dosage for performance benefits of 5 to 16.8 mmol (300 to 1041 mg), taken two to
three hours before exercise. There also appears to be a dose-response relationship [8,17]. A recent
systematic review found that NO3- supplementation improved explosive performance (lasting six seconds or
less) in around 40% of sprint-based and resistance-based studies [6]. Sprint-based exercise showed greater
improvements in short-term and longer-term studies, while resistance-based exercise studies only benefited
from acute dosing. This difference may be due to variations in participants' training history, which lead to
differences in motor unit recruitment patterns and muscle fiber type composition [18]. Recent literature
supports this idea, suggesting that NO3- supplementation has the greatest benefit during the initial
contraction, with more trained individuals experiencing greater speed of acceleration [6,19-20]. Differences
in upper and lower body musculature may also impact the efficacy of NO3- [6].

Haynes et al. analyzed the effects of RSE on anaerobic bench press performance. They found no increase in
muscle oxygenation and exercise performance but rather a subjective increase in focus and “muscle pumps”
[12]. Linoby et al. investigated a 15-day course of 4 g RSE for aerobic exercise. They found that study
participants had a significant increase in fractional exhaled NO- and time to exhaustion (TTE) with high-
intensity exercise (p<0.001 and p=0.024, respectively) [21]. Similarly, Raymond et al. investigated the effect
of 4.4 g of RSE on repeated high-intensity exercise performance in high-level collegiate soccer players [16].
It was found that although RSE did not enhance power output during repeated anaerobic exercise
(sprinting), there were decreased fatigue indices (p=0.018) and increased post-exercise blood lactate levels
(p=0.03), which may help in reducing physical fatigue. Increased blood lactate removal from muscle has been
linked with monocarboxylate transporters, which are involved in the body’s adaptability to central fatigue
[22]. These findings suggest that RSE may indirectly improve exercise performance by sustaining power
output through decreasing fatigue indices.

In a study with the longest follow-up at 12 weeks, Perez-Pinero et al. found no significant changes in body
composition overall; however, the male group did have a significant increase in muscle mass and
isokinetic/isometric muscle strength compared to the female group when taking GSE [15]. GSE may offer an
additional benefit as it provides a source of plant steroids, most notably ecdysterone (range: 17.1 to 885 ug/g
dry weight), showing anabolic properties [23].

The study by Moore et al. involved using a single 1 g dose of RSE. During graded exercise training, it
significantly increased plasma NO3- and ventilatory threshold (VT). However, no changes were observed in
peak oxygen uptake or TTE [24]. Interestingly, there was no noticeable increase in plasma NO2- despite
using high-sensitivity detection methods. Similarly, Martin et al. also found an increase in NO3- and VT with
1 g of RSE but no differences in peak oxygen uptake or TTE [25]. In contrast, a study by Linoby et al. found
that 15-day supplementation with 4 g of RSE led to a 19% increase in TTE compared to the placebo group
[21]. This suggests that RSE supplementation may improve sustained submaximal physical performance and
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potentiate higher training intensities. However, a study by Liubertas et al. found no significant changes in
exercise capacity (cycling) despite increased peak power, VT, and maximal oxygen intake [26]. It is worth
noting that previous studies have shown that peak plasma NO2- levels occur at around 2.5 hours post-
ingestion. This indicates that the timing of supplementation of either NO3- or NO2- may be an important
factor for future investigation [24].

Subramanian and Gupta's study showed that a single 2000 mg dose significantly increased plasma NO3- and
NO2- levels to 253 umol/L and 0.56 umol/L, respectively, between 45 to 90 minutes [27]. The
pharmacokinetic data from the same study suggested that NO3- and NO2- levels could start to increase as
early as 30 minutes after ingestion and remain elevated for up to eight hours [27]. NO3- concentration was
significantly higher in skeletal muscle than in plasma. Wylie et al. discovered that skeletal muscle NO3-
levels decreased by 39% after high-intensity exercise, indicating its role in regulating NO3- levels during
exercise [28]. This suggests that subacute and chronic NO3- ingestion could enhance this effect by increasing
NO3- levels in skeletal muscle and potentially altering the expression/function of proteins regulating
sarcoplasmic reticulum calcium release [29]. NO3- may also decrease the cost of phosphocreatine production
and increase blood flow distribution to muscle fibers, thereby enhancing energy output efficiency and
preserving power during high-intensity single and multiple repetitions [6]. Other potential mechanisms to
improve oxygen delivery and utilization in skeletal muscles during exercise have been explored. Acute
ingestion of 1000 mg of RSE increased lower limb microvascular reactivity one hour after ingestion, likely
due to the increased usage of oxidative metabolism and subsequent increases in oxygen and blood flow
requirements [30].

Increased NO- levels also improve muscular function by increasing vasodilation, blood flow, and
oxygenation. Bentley et al. found that dietary NO3- led to compensatory vasodilation among patients with
compromised oxygen delivery and improved perfusion and exercise capacity [31]. Furthermore, Pekas et al.
showed that dietary NO3- improved endothelial function and walking capacity among patients with
peripheral arterial disease [32]. The findings in a study with chronic obstructive pulmonary disease patients
showed that dietary NO3- improved exercise capacity, most likely due to improved muscle oxygenation and
vascular endothelial function [33].

Additionally, spinach's anti-oxidants, such as flavonoids, can also aid in improved recovery and muscle
function by mitigating the oxidative stress induced by physical activity. A 2023 meta-analysis of Quercetin
found that supplementation significantly decreased muscle soreness (standardized mean difference: -1.33,
p=-0.03), creatine kinase levels (standardized mean difference: -1.15, p=0.02), and post-exercise oxidative
stress (standardized mean difference: -0.92, p=0.03) [34]. These findings are supported by a 2021 meta-
analysis of flavonoid recovery potential, which found improved muscle strength recovery by 7.14% and
reduced muscle soreness by 4.12% (p<0.001 and p=0.001, respectively) [35]. Thus, the ergogenic benefits of
spinach may be attributed to multiple components, but more human studies are required to confirm this.

Most current inorganic NO3- studies have used beetroot juice [16,21]. There is widespread evidence that
acute beetroot juice supplementation improves exercise performance, including increased velocity, power,
repetition volume, agility, sprint performance, and anaerobic capacity [36-38]. However, a concentrated
supplement dosage must be ingested to illicit the reported effects. Thus, there is a possibility that marketed
products online may not contain a clinical therapeutic level of NO2- or NO3- to produce a noticeable effect
[37]. Beetroot is not the only high-quality source of NO3- available. As covered in this study, RSE and GSE
are promising alternatives.

Research suggests that RSE may contain similar or even higher NO3- levels than beetroot [39]. A study from
2016 supports this claim by showing a 255% increase in blood NO3- levels with RSE, which is said to have up
to four times more NO3- than beetroot [30]. Unlike beetroot juice, RSE is rich in minerals such as potassium
and magnesium and does not contain sugar or oxalates. The high potassium content has been suggested to
contribute to exercise-induced hyperemia [36]. RSE also contains unique polyphenols like amaranthine and
different relative levels of compounds such as quercetin compared to other sources of NO3- [24]. The
potential effects of RSE on exercise performance and pharmacodynamics are not yet fully understood and
require further investigation.

Adverse Events

The benefits of NO3- have been well documented; however, their supplementation is subject to upper
limits. The acceptable daily intake for NO3- and NO2- is 3.7 mg/kg of body weight and 0.07 mg/kg of body
weight, respectively. Excessive NO3- can lead to methemoglobinemia and the formation of carcinogenic
nitrosamines if combined with amines [23]. Beetroot, RSE, and GSE contain varying levels of NO3-: 2500
mg/kg, 2800 to 8800 mg/kg (in leaves), and 900 to 5400 mg/kg (in leaves) [23]. NO3- supplementation has
been found to lower blood pressure after exercise in active and resting normotensive adults [14]. Despite the
high levels of NO3- in RSE, there is speculation that it may not lead to significant alterations in blood
pressure [36,40].

Implications
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Using bioactive ingredients in food or supplements for ergogenic purposes has garnered substantial interest
among recreational and professional athletes, aiming to enhance exercise performance and expedite
recovery. Research indicates dietary NO3- has improved physical performance, even among non-athletes [8].
However, Porcelli et al. observed a notable enhancement in aerobic fitness among individuals with low to
moderate levels of training, while highly trained individuals did not demonstrate significant benefits [41].
This discrepancy may be attributed, at least in part, to the more optimal expression and activity of NO- in
highly trained populations [9].

The following considerations should be taken into account in future studies. Firstly, the dietary habits of
patient cohorts before the study should be carefully considered, particularly concerning variable vegetable
consumption and low levels of baseline dietary intake of NO3-, which may impact the effectiveness of NO3-
supplementation. Co-ingestion with other ergogenic substances could also affect NO3- bioavailability,
although limited data is currently available, necessitating further research. Additionally, factors such as dose
regimen (acute/subacute/chronic), vehicle of administration (juice versus salts), and bioactive substances
like polyphenols should be examined for their potential influence. Furthermore, the impact of training
status on baseline plasma NO3- and bioavailability should be acknowledged. To compare their outcomes,
future studies should involve varying levels of exercise intensity protocols between different sources of
NO3-, such as RSE, GSE, and beetroot. Moreover, alternative or potentially superior sources should be
considered. Dosing regimens, various exercise modalities, and gender differences should also be explored in
these studies [6].

Limitations

The findings of this study should be interpreted within the confines of its limitations. First, the study had a
small sample size of athletes, which may not represent the general population. The follow-up period was
also relatively short, preventing the determination of its long-term effects, sustainability, and safety profile
over time. Therefore, larger studies with extended follow-up periods are necessary to generalize these
findings and comprehend the long-term effects of supplementation. Second, variations in baseline patient
demographics and NO- levels may exist based on age, gender, diet, and athletic background. Consequently,
making definitive statements about the effectiveness of spinach extract is challenging. The NO3- content
and composition of each extract in the included studies also significantly varied. Further studies should
standardize the intervention protocols and measurement outcomes to facilitate comparisons and improve
the findings' generalizability. Third, due to heterogeneity in the PROs, a meta-analysis could not be
conducted.

Furthermore, non-English studies were not included, and there is a possibility of unpublished completed
trials not encompassed in this review. Fourth, when assessing the RoB, inadequate random sequence
generation and allocation concealment can influence baseline characteristics between groups and group
assignments, affecting the treatment effects seen. Additionally, although the studies were stated as double-
blinded in design, the exact description was not detailed, which can bias behaviors and outcome
measurements. Thus, these findings may affect the spinach extract’s effectiveness and provide an additional
challenge when interpreting the true magnitude of the treatment effects.

Conclusions

Spinach extract exhibits promising physical performance advancements and is a safe ergogenic aid. These
benefits are primarily ascribed to enhanced NO3- bioavailability, which age, dietary patterns, and athletic
history can influence. To enhance the applicability and comprehension of these findings, forthcoming
research should prioritize standardizing baseline patient demographics and investigating the impact of
dosage regimens, types of physical activity, and gender differentials. Further investigation is necessary to
ascertain the optimal dosage schedules for spinach extract and its impact on short-term and long-term
physical performance.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Acquisition, analysis, or interpretation of data: Daniel I. Razick, Burhaan Syed, Jimmy Wen, Dave
Manguerra

Drafting of the manuscript: Daniel I. Razick, Burhaan Syed, Jimmy Wen, Muzammil Akhtar, Thab Abed,
Mouhamad Shehabat, David Pai

Concept and design: Burhaan Syed, Jimmy Wen, Muzammil Akhtar, Thab Abed, Mouhamad Shehabat,
Dawnica Nadora, Denise Nadora, David Pai

2025 Wen et al. Cureus 17(1): e77840. DOI 10.7759/cureus.77840 12 of 14


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

Critical review of the manuscript for important intellectual content: Burhaan Syed, Dave Manguerra,
Dawnica Nadora, Denise Nadora

Supervision: David Pai

Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Levine AB, Punihaole D, Levine TB: Characterization of the role of nitric oxide and its clinical applications .
Cardiology. 2012, 122:55-68. 10.1159/000338150

Lundberg JO, Weitzberg E, Gladwin MT: The nitrate-nitrite-nitric oxide pathway in physiology and
therapeutics. Nat Rev Drug Discov. 2008, 7:156-67. 10.1038/nrd2466

Simmonds M]J, Detterich JA, Connes P: Nitric oxide, vasodilation and the red blood cell . Biorheology. 2014,
51:121-34. 10.3233/BIR-140653

Farah C, Michel LY, Balligand JL: Nitric oxide signalling in cardiovascular health and disease . Nat Rev
Cardiol. 2018, 15:292-316. 10.1038/nrcardio.2017.224

Biernat K, Kuciel N, Mazurek J, Hap K: Is it possible to train the endothelium?-a narrative literature review .
Life (Basel). 2024, 14:616. 10.3390/life 14050616

Tan R, Cano L, Lago-Rodriguez A, Dominguez R: The effects of dietary nitrate supplementation on
explosive exercise performance: a systematic review. Int ] Environ Res Public Health. 2022, 19:762.
10.3390/ijerph19020762

Blekkenhorst LC, Prince RL, Ward NC, et al.: Development of a reference database for assessing dietary
nitrate in vegetables. Mol Nutr Food Res. 2017, 61: 10.1002/mnfr.201600982

Macuh M, Knap B: Effects of nitrate supplementation on exercise performance in humans: a narrative
review. Nutrients. 2021, 13:3183. 10.3390/nul13093183

Campos HO, Drummond LR, Rodrigues QT, Machado FS, Pires W, Wanner SP, Coimbra CC: Nitrate
supplementation improves physical performance specifically in non-athletes during prolonged open-ended
tests: a systematic review and meta-analysis. Br ] Nutr. 2018, 119:636-57. 10.1017/S0007114518000132
Blekkenhorst LC, Sim M, Bondonno CP, et al.: Cardiovascular health benefits of specific vegetable types: a
narrative review. Nutrients. 2018, 10:595. 10.3390/nu10050595

Sterne JA, Savovic ], Page MJ, et al.: RoB 2: a revised tool for assessing risk of bias in randomised trials . BM]J.
2019, 366:4898. 10.1136/bmj.14898

Haynes JT 4th, Townsend JR, Aziz MA, et al.: Impact of red spinach extract supplementation on bench press
performance, muscle oxygenation, and cognitive function in resistance-trained males. Sports (Basel). 2021,
9:77. 10.3390/sports9060077

Townsend JR, Hart TL, Haynes JT 4th, et al.: Influence of dietary nitrate supplementation on physical
performance and body composition following offseason training in division I athletes. ] Diet Suppl. 2022,
19:534-49. 10.1080/19390211.2021.1900482

Gonzalez AM, Accetta MR, Spitz RW, Mangine GT, Ghigiarelli JJ, Sell KM: Red spinach extract
supplementation improves cycle time trial performance in recreationally active men and women. ] Strength
Cond Res. 2021, 35:2541-5. 10.1519/]SC.0000000000003173

Pérez-Pinero S, Avila-Gandia V, Rubio Arias JA, Munoz-Carrillo JC, Losada-Zafrilla P, Lépez-Roman FJ: A
12-week randomized double-blind placebo-controlled clinical trial, evaluating the effect of supplementation
with a spinach extract on skeletal muscle fitness in adults older than 50 years of age. Nutrients. 2021,
13:4373. 10.3390/nu13124373

Raymond MV, Yount TM, Rogers RR, Ballmann CG: Effects of acute red spinach extract ingestion on
repeated sprint performance in Division I NCAA female soccer athletes. Oxygen. 2023, 3:133-42.
10.3390/0xygen3010010

Silva KV, Costa BD, Gomes AC, Saunders B, Mota JF: Factors that moderate the effect of nitrate ingestion on
exercise performance in adults: A systematic review with meta-analyses and meta-regressions. Adv Nutr.
2022, 13:1866-81. 10.1093/advances/nmac054

Wilson JM, Loenneke JP, Jo E, Wilson GJ, Zourdos MC, Kim JS: The effects of endurance, strength, and power
training on muscle fiber type shifting. ] Strength Cond Res. 2012, 26:1724-9. 10.1519/JSC.0b013e318234eb6f
Wong TH, Sim A, Burns SF: The effect of beetroot ingestion on high-intensity interval training: a systematic
review and meta-analysis. Nutrients. 2021, 13:3674. 10.3390/nul13113674

Jodra P, Dominguez R, Sanchez-Oliver AJ, Veiga-Herreros P, Bailey SJ: Effect of beetroot juice
supplementation on mood, perceived exertion, and performance during a 30-second Wingate test. Int |
Sports Physiol Perform. 2020, 15:243-8. 10.1123/ijspp.2019-0149

Linoby A, Azrin AA, Adnan MA, et al.: A randomized controlled trial of the effects of dietary nitrate
supplementation on blood pressure, exhaled nitric oxide level and maximal isometric handgrip strength in
pre-hypertensive women. Enhancing health and sports performance by design. Springer, Singapore; 2020.
389-98.

Gao C, Yang B, Li Y, Pei W: A monocarboxylate transporter-dependent mechanism confers resistance to
exercise-induced fatigue in a high-altitude hypoxic environment. Sci Rep. 2023, 13:2949. 10.1038/s41598-
023-30093-1

2025 Wen et al. Cureus 17(1): e77840. DOI 10.7759/cureus.77840

13 of 14


https://dx.doi.org/10.1159/000338150
https://dx.doi.org/10.1159/000338150
https://dx.doi.org/10.1038/nrd2466
https://dx.doi.org/10.1038/nrd2466
https://dx.doi.org/10.3233/BIR-140653
https://dx.doi.org/10.3233/BIR-140653
https://dx.doi.org/10.1038/nrcardio.2017.224
https://dx.doi.org/10.1038/nrcardio.2017.224
https://dx.doi.org/10.3390/life14050616
https://dx.doi.org/10.3390/life14050616
https://dx.doi.org/10.3390/ijerph19020762
https://dx.doi.org/10.3390/ijerph19020762
https://dx.doi.org/10.1002/mnfr.201600982
https://dx.doi.org/10.1002/mnfr.201600982
https://dx.doi.org/10.3390/nu13093183
https://dx.doi.org/10.3390/nu13093183
https://dx.doi.org/10.1017/S0007114518000132
https://dx.doi.org/10.1017/S0007114518000132
https://dx.doi.org/10.3390/nu10050595
https://dx.doi.org/10.3390/nu10050595
https://dx.doi.org/10.1136/bmj.l4898
https://dx.doi.org/10.1136/bmj.l4898
https://dx.doi.org/10.3390/sports9060077
https://dx.doi.org/10.3390/sports9060077
https://dx.doi.org/10.1080/19390211.2021.1900482
https://dx.doi.org/10.1080/19390211.2021.1900482
https://dx.doi.org/10.1519/JSC.0000000000003173
https://dx.doi.org/10.1519/JSC.0000000000003173
https://dx.doi.org/10.3390/nu13124373
https://dx.doi.org/10.3390/nu13124373
https://dx.doi.org/10.3390/oxygen3010010
https://dx.doi.org/10.3390/oxygen3010010
https://dx.doi.org/10.1093/advances/nmac054
https://dx.doi.org/10.1093/advances/nmac054
https://dx.doi.org/10.1519/JSC.0b013e318234eb6f
https://dx.doi.org/10.1519/JSC.0b013e318234eb6f
https://dx.doi.org/10.3390/nu13113674
https://dx.doi.org/10.3390/nu13113674
https://dx.doi.org/10.1123/ijspp.2019-0149
https://dx.doi.org/10.1123/ijspp.2019-0149
https://link.springer.com/chapter/10.1007/978-981-15-3270-2_41
https://dx.doi.org/10.1038/s41598-023-30093-1
https://dx.doi.org/10.1038/s41598-023-30093-1

Cureus

Part of SPRINGER NATURE

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Jedrejko M, Jedrejko K, Gomez-Renaud VM, Kata K, Muszyriska B: Exploring the impact of alternative
sources of dietary nitrate supplementation on exercise performance. Int ] Mol Sci. 2024, 25:3650.
10.3390/ijms25073650

Moore AN, Haun CT, Kephart WC, et al.: Red spinach extract increases ventilatory threshold during graded
exercise testing. Sports (Basel). 2017, 5:80. 10.3390/sports5040080

Martin JS, Haun CT, Kephart WC, et al.: The effects of a novel Red spinach extract on graded exercise testing
performance. Med Sci Sports Exerc. 2016, 48:247. 10.1249/01.mss.0000485742.91214.e5

Liubertas T, Kairaitis R, Stasiule L, et al.: The influence of amaranth (Amaranthus hypochondriacus) dietary
nitrates on the aerobic capacity of physically active young persons. J Int Soc Sports Nutr. 2020, 17:37.
10.1186/512970-020-00366-5

Subramanian D, Gupta S: Pharmacokinetic study of amaranth extract in healthy humans: a randomized
trial. Nutrition. 2016, 32:748-53. 10.1016/j.nut.2015.12.041

Wylie L], Park JW, Vanhatalo A, et al.: Human skeletal muscle nitrate store: influence of dietary nitrate
supplementation and exercise. | Physiol. 2019, 597:5565-76. 10.1113/]P278076

Nyakayiru ], van Loon L], Verdijk LB: Could intramuscular storage of dietary nitrate contribute to its
ergogenic effect? A mini-review. Free Radic Biol Med. 2020, 152:295-300.
10.1016/j.freeradbiomed.2020.03.025

Bentley RF, Walsh JJ, Drouin PJ, Velickovic A, Kitner SJ, Fenuta AM, Tschakovsky ME: Dietary nitrate
restores compensatory vasodilation and exercise capacity in response to a compromise in oxygen delivery in
the noncompensator phenotype. ] Appl Physiol (1985). 2017, 123:594-605. 10.1152/japplphysiol.00953.2016
Pekas EJ, Wooden TK, Yadav SK, Park SY: Body mass-normalized moderate dose of dietary nitrate intake
improves endothelial function and walking capacity in patients with peripheral artery disease. Am ] Physiol
Regul Integr Comp Physiol. 2021, 321:R162-73. 10.1152/ajpregu.00121.2021

Pavitt MJ, Lewis A, Buttery SC, et al.: Dietary nitrate supplementation to enhance exercise capacity in
hypoxic COPD: EDEN-OX, a double-blind, placebo-controlled, randomised cross-over study. Thorax. 2022,
77:968-75. 10.1136/thoraxjnl-2021-217147

Rojano-Ortega D, Pefia-Amaro ], Berral-Aguilar AJ, Berral-de la Rosa FJ: Quercetin supplementation
promotes recovery after exercise-induced muscle damage: a systematic review and meta-analysis of
randomized controlled trials. Biol Sport. 2023, 40:813-25. 10.5114/biolsport.2023.121320

Carey CC, Lucey A, Doyle L: Flavonoid containing polyphenol consumption and recovery from exercise-
induced muscle damage: a systematic review and meta-analysis. Sports Med. 2021, 51:1293-316.
10.1007/s40279-021-01440-x

Haun CT, Kephart WC, Holland AM, et al.: Differential vascular reactivity responses acutely following
ingestion of a nitrate rich red spinach extract. Eur ] Appl Physiol. 2016, 116:2267-79. 10.1007/s00421-016-
3478-8

Jurado-Castro JM, Campos-Perez |, Ranchal-Sanchez A, Duran-Lépez N, Dominguez R: Acute effects of
beetroot juice supplements on lower-body strength in female athletes: double-blind crossover randomized
trial. Sports Health. 2022, 14:812-21. 10.1177/19417381221083590

Williams TD, Martin MP, Mintz JA, Rogers RR, Ballmann CG: Effect of acute beetroot juice supplementation
on bench press power, velocity, and repetition volume. J Strength Cond Res. 2020, 34:924-8.
10.1519/JSC.0000000000003509

Dumar AM, Huntington AF, Rogers RR, Kopec TJ, Williams TD, Ballmann CG: Acute beetroot juice
supplementation attenuates morning-associated decrements in supramaximal exercise performance in
trained sprinters. Int ] Environ Res Public Health. 2021, 18:412. 10.3390/ijerph18020412

Rogers RR, Davis AM, Rice AE, Ballmann CG: Effects of acute beetroot juice ingestion on reactive agility
performance. Oxygen. 2022, 2:570-7. 10.3390/0xygen2040037

Bloomer RJ, Butawan M, Pigg B, Martin KR: Acute ingestion of A novel nitrate-rich dietary supplement
significantly increases plasma nitrate/nitrite in physically active men and women. Nutrients. 2020, 12:1176.
10.3390/nu12041176

Porcelli S, Ramaglia M, Bellistri G, et al.: Aerobic fitness affects the exercise performance responses to
nitrate supplementation. Med Sci Sports Exerc. 2015, 47:1643-51. 10.1249/MSS.0000000000000577

2025 Wen et al. Cureus 17(1): e77840. DOI 10.7759/cureus.77840

14 of 14


https://dx.doi.org/10.3390/ijms25073650
https://dx.doi.org/10.3390/ijms25073650
https://dx.doi.org/10.3390/sports5040080
https://dx.doi.org/10.3390/sports5040080
https://dx.doi.org/10.1249/01.mss.0000485742.91214.e5
https://dx.doi.org/10.1249/01.mss.0000485742.91214.e5
https://dx.doi.org/10.1186/s12970-020-00366-5
https://dx.doi.org/10.1186/s12970-020-00366-5
https://dx.doi.org/10.1016/j.nut.2015.12.041
https://dx.doi.org/10.1016/j.nut.2015.12.041
https://dx.doi.org/10.1113/JP278076
https://dx.doi.org/10.1113/JP278076
https://dx.doi.org/10.1016/j.freeradbiomed.2020.03.025
https://dx.doi.org/10.1016/j.freeradbiomed.2020.03.025
https://dx.doi.org/10.1152/japplphysiol.00953.2016
https://dx.doi.org/10.1152/japplphysiol.00953.2016
https://dx.doi.org/10.1152/ajpregu.00121.2021
https://dx.doi.org/10.1152/ajpregu.00121.2021
https://dx.doi.org/10.1136/thoraxjnl-2021-217147
https://dx.doi.org/10.1136/thoraxjnl-2021-217147
https://dx.doi.org/10.5114/biolsport.2023.121320
https://dx.doi.org/10.5114/biolsport.2023.121320
https://dx.doi.org/10.1007/s40279-021-01440-x
https://dx.doi.org/10.1007/s40279-021-01440-x
https://dx.doi.org/10.1007/s00421-016-3478-8
https://dx.doi.org/10.1007/s00421-016-3478-8
https://dx.doi.org/10.1177/19417381221083590
https://dx.doi.org/10.1177/19417381221083590
https://dx.doi.org/10.1519/JSC.0000000000003509
https://dx.doi.org/10.1519/JSC.0000000000003509
https://dx.doi.org/10.3390/ijerph18020412
https://dx.doi.org/10.3390/ijerph18020412
https://dx.doi.org/10.3390/oxygen2040037
https://dx.doi.org/10.3390/oxygen2040037
https://dx.doi.org/10.3390/nu12041176
https://dx.doi.org/10.3390/nu12041176
https://dx.doi.org/10.1249/MSS.0000000000000577
https://dx.doi.org/10.1249/MSS.0000000000000577

	Improved Effect of Spinach Extract on Physical Performance: A Systematic Review of Randomized Controlled Trials
	Abstract
	Introduction And Background
	Review
	Methods
	Results
	FIGURE 1: Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) diagram of included studies
	TABLE 1: Patient demographics and study characteristics
	TABLE 2: Cochrane Risk of Bias (RoB)
	TABLE 3: Effect of spinach extract on physical performance outcomes
	TABLE 4: Effect of spinach extract on body composition and vital signs

	Discussion

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


