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Abstract

Cancer-related fatigue is a debilitating syndrome that persists for many cancer survivors for years 

after treatment. Symptoms include early and persistent fatigue, functional decline, depression and 

cognitive difficulties. Inflammation, assessed using pro-inflammatory biomarkers, is increased in 

cancer survivors with fatigue and treatments for fatigue are often aimed at reducing inflammation. 

Additionally, cancer and its treatment lead to nutritional complications, changes in body 

composition and nutritional deficiencies that potentially weaken the cancer survivor and impact 

cancer-related fatigue. We conducted a qualitative review of clinical trials that assessed nutritional 

interventions for preventing and treating cancer-related fatigue. Further studies were examined that 

used nutritional interventions to address inflammation and fatigue, due to the dearth of nutrition 

research directly related to cancer-related fatigue. Dietary intake prior to, during and after cancer 

treatment appears to affect fatigue levels. Increased protein intake may help preserve lean mass 

and body composition. Dietary patterns that reduce inflammation, such as the Mediterranean diet 

and other plant-based diets, appear tolerable to cancer survivors and may reduce fatigue. 

Supplementation with ginseng, ginger or probiotics may improve cancer survivors’ energy levels. 

Nutritional interventions, alone or in combination with other interventions should be considered as 

therapy for fatigue in cancer survivors.

Keywords

cachexia; vitamin E, C, D; systemic inflammatory response; soy; dietary intervention; fat/
omega-3; omega-6/fish

*Correspondence: Julia E. Inglis, PhD, RD, Department of Surgery, 265 Crittenden Blvd, CU 420658, Rochester, NY 14642 USA, 
Tel. 352-375-4223; Julia_Inglis@URMC.Rochester.edu.
Author Contributions: J.I. drafted the manuscript, D.C. developed search strategies and conducted formal searches, J.I. performed 
the formal analysis and review, P.L., S.K., I.K., and A.K. contributed to writing the manuscript, all authors (J.I., P.L., S.K., I.K., A.K., 
D.C., K.M. and L.P.) critically reviewed and approved the final version of the manuscript.

Conflicts of Interest: No potential conflict of interest was reported by the authors.

HHS Public Access
Author manuscript
Nutr Cancer. Author manuscript; available in PMC 2020 January 26.

Published in final edited form as:
Nutr Cancer. 2019 ; 71(1): 21–40. doi:10.1080/01635581.2018.1513046.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



INTRODUCTION

Cancer-related fatigue (CRF) is a persistent and debilitating syndrome that affects the 

majority of cancer survivors (1, 2). For many, fatigue improves within one year after 

treatment completion, but may persist for years in a significant number of cancer patients 

(2). Clinical symptoms for cancer patients experiencing CRF include cognitive difficulties, 

early and persistent fatigue, hot flashes, functional decline, insomnia, depression and a 

significant reduction in quality of life (QOL) (3, 4). The level of fatigue and range of 

symptoms vary depending on cancer type and treatment as well as the patient’s pre-

treatment health and nutritional status (5–7).

Currently, there are limited treatment options for CRF in cancer survivors. These options 

include: 1) pharmaceutical agents, which have limited efficacy for the reduction of CRF and 

can lead to toxicities, negative interactions with cancer therapeutics (e.g., aromatase 

inhibitors or tamoxifen), and dependency (8); 2) psychological interventions (e.g., cognitive 

behavioral therapy), which can be unintuitive and demanding for survivors and therefore, 

difficult to comply with, limiting adoption, compliance and maintenance; and 3) exercise, 

which is recommended in treatment guidelines but not widely implemented in survivorship 

care plans beyond the use of generalized statements in which healthcare professionals 

encourage survivors to be physically active and exercise (8–10). Such interventions also may 

be unmanageable and time-consuming for cancer survivors. Nutrition addresses fatigue and 

is often less cumbersome than other interventions. At the same time, there is only 

preliminary research regarding dietary interventions and nutritional supplements for cancer 

survivors experiencing fatigue.

A variety of biological mechanisms (e.g. hypothalamic-pituitary-adrenal axis dysregulation, 

inflammatory cytokine dysregulation, anemia) may play a role in CRF etiology (2). Among 

those mechanisms, dysregulation of the pro-inflammatory cytokine network (increased 

inflammation) is the most commonly studied. Cancer treatment and cancerous tumors can 

activate the pro-inflammatory cytokine network, leading to symptoms of fatigue via cytokine 

signaling in the central nervous system (2, 11). Furthermore, previous research shows that 

pro-inflammatory markers, cytokines and C-reactive protein (CRP) are elevated in cancer 

survivors with fatigue (12–15). Therefore, treatments for fatigue in cancer patients are often 

aimed at reducing inflammation.

Nutritional Complications and Fatigue in Cancer Survivors

Nutritional complications arise as a consequence of cancer and its treatment, including 

altered taste, anorexia, unintentional weight loss, or in some cases, increased adiposity or 

obesity (16–18). Chemo-radiotherapy may aggravate existing symptoms or result in side 

effects such as loss of taste, xerostomia, nausea and vomiting and eventual malnutrition (19). 

Furthermore, many cancer patients suffer nutritional deficiencies as the systemic nature of 

cancer promotes metabolic deregulation and increased catabolism or even cachexia. 

Cachexia often cannot be fully reversed by conventional nutritional support; many cancer 

survivors with loss of lean mass suffer long-term decreased functionality (17). Reduced lean 

mass is tied to fatigue and maintaining or even building muscle appears to prevent or reduce 

symptoms of CRF (20, 21).
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Additionally, there is a combined condition termed sarcopenic obesity where a cancer 

patient experiences a loss of lean mass concurrently with increased adiposity (16, 22). 

Sarcopenic obesity may lead to greater loss of functionality, lower QOL and greater 

mortality risk compared to cachexia or obesity alone (22–24). Breast cancer patients 

experience unintentional weight gain in part due to the effects of chemotherapy, endocrine 

treatment and/or postmenopausal status (25–27). Increased obesity is not necessarily 

protective against sarcopenia and can result in sarcopenic obesity in breast cancer survivors 

(28–30). One recent study showed that sarcopenic obesity promoted inflammation and 

fatigue, appearing to further weaken breast cancer survivors (31). Furthermore, chronic low-

grade inflammation, as seen in obesity, is considered a factor in the development of CRF (2). 

The need for nutritional interventions addressing inflammation, changes in body 

composition and functionality for cancer survivors is critical. Currently, evidence-based 

nutritional guidelines for alleviating CRF are limited despite the high prevalence of 

nutritional problems related to fatigue and QOL in cancer survivors (32).

METHODS

We performed a qualitative review of the literature for cancer-related fatigue and nutrition in 

October 2017 for studies published between 1971 and 2017. An initial scoping strategy was 

developed on PubMed. Once the PubMed search strategy was determined, the medical 

librarian (D.C.) translated this search strategy for Embase and Web of Science. The 

strategies used for PubMed and Embase used a combination of keywords and controlled 

vocabulary. Where Web of Science does not use controlled vocabulary, only keywords were 

used. Due to resource constraints, we did not include any grey literature or unpublished data. 

The search terms included a combination of the following keywords: Neoplasms, Cancer, 

Oncology, Tumor, Nutrition Therapy, Nutritional Status, Diet, Food, Nutrition, Nutrition 

Assessment, Nutritional Sciences, Fatigue, Lassitude, Tired, and Exhausted. Truncation was 

used to find different variations of these keywords. The database searches identified over 

3,800,000 articles, however, most did not specifically address the impact of nutrition on CRF 

or fatigue. After further narrowing the search based on studies addressing cancer survivors, 

CRF, fatigue, and nutrition using the deduplication feature on EndNote, 4,672 unique 

articles were identified. Other limits that were used included clinical trial and randomized 

controlled trials (Supplementary Table 1). The primary author (J.E.I.) reviewed abstracts to 

determine if they met the inclusion criteria for review. Data such study population, design 

characteristics, primary results relevant to CRF, inflammation and cancer survivorship were 

recorded.

From this search, only 17 studies were identified that specifically assessed the impact of 

nutritional interventions on CRF and/or inflammation in cancer survivors (Table 2). Due to 

the dearth of nutrition studies specific to addressing CRF, further research in PubMed and 

Web of Science was conducted to evaluate individual nutrients and interventions, such as 

vitamin B12 and probiotics, for potential benefit to cancer survivors in reducing fatigue and 

inflammation. In this research, the term cancer survivor refers to a patient who is finished 

with adjuvant treatment including chemotherapy, radiation, immunotherapy and surgery in 

this research. The cancer survivor may be on treatment not directly targeting cancer 

including tamoxifen, aromatase inhibitors and other hormonal therapy.
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NUTRITION AND CANCER-RELATED FATIGUE

MACRONUTRIENTS

Dietary intake changes significantly in most cancer patients during cancer treatment, 

including chemotherapy (33, 34). Recently, de Vries et al. (2017) found breast cancer 

survivors reported significantly lower intakes of total energy, fat and protein after 

chemotherapy than women without cancer (33). Decreased intake persists in many 

populations of cancer survivors for years, and patients with late-stage cancer often continue 

to suffer weight loss, suggesting that the diets of cancer patients and survivors are 

inadequate (35). Nutritional interventions during treatment have not shown to be adequate in 

preventing long-term nutrient deficits and changes in body composition in cancer survivors 

that lead to fatigue (35, 36).

Protein—Protein may help maintain or build lean mass, and therefore reduce CRF (37). In 

a study assessing 285 cancer patients receiving chemotherapy, protein intake emerged as a 

stronger predictor of CRF than other common factors of nausea/vomiting, insomnia or age 

(37). Cancer survivors’ protein needs increase as a result of abnormalities in protein 

metabolism: increased protein turnover, loss of skeletal muscle and gluconeogenesis of 

amino acids (38). Skeletal muscle proteins are lost through increased muscle protein 

breakdown and decreased protein synthesis, which can lead to CRF (38). Therefore, protein 

needs and possible supplementation are important to assess in cancer patients and survivors 

(21, 37).

Protein or amino acid supplementation may benefit cancer survivors. Soy proteins are strong 

inhibitors of MMP-9, a matrix metalloproteinase that is implicated in tumorigenesis and 

cancer-associated depression (39). Soy isoflavones have pleiotropic effects on multiple 

targets, including antioxidant, anti-inflammatory and insulin-like growth factor binding 

(IGF-IGFBP) pathway modulation (39, 40). Adding a supplement of soy bread, a wheat-

based bread supplemented with soy flour and soy milk powder, to prostate cancer survivors 

reduced pro-inflammatory cytokines and modulated immune cell phenotypes (41, 42). 

Besides being anti-inflammatory, soy protein may reduce fatigue in cancer survivors by 

helping to maintain muscular mass and strength, particularly in those who exercise. Soy has 

shown to be more effective than casein both in increasing skeletal muscle mass and muscular 

strength, although still not as effective in building mass as whey protein (43, 44).

Whey protein is considered an excellent protein for maintaining muscle even in cases of 

caloric restriction (45). Whey protein contains the branched chain amino acids leucine, has 

high amino acid content and is digested rapidly, making it a high quality protein source (46). 

Branched chain amino acids such as leucine, are considered major stimulators of muscle 

protein synthesis (45). Recent studies show that whey protein stimulates protein synthesis to 

a greater extent than casein or soy protein (46, 47).Carnitine, a trimethylated amino acid 

pivotal for energy metabolism, may be a useful supplement in increasing lean mass, 

improving appetite and in reducing CRF in cancer survivors. A recent systematic review, 

evaluating twelve studies, found that carnitine improved measures of fatigue based on the 

Multidimensional Fatigue Symptom Inventory-Short Form (MFSI-SF), Brief Fatigue 

Inventory (BFI) and other physical function and QOL measures (38, 48). Carnitine, often 
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deficient in cancer patients, is an essential cofactor for the mitochondrial production of 

acetyl-coenzyme A and therefore energy production (49). However, the majority of the 

studies in this analysis were non-randomized and appeared to contain bias, where there was 

not enough evidence to believe it improved fatigue (48). Furthermore, carnitine’s 

improvements for CRF may be limited to individuals with deficiency (50, 51).

Fatty Acids—Few studies have examined the effect of fatty acid intake on fatigue in 

cancer survivors. Dietary intake of omega-3 and omega-6 fatty acids as well as the omega 

fatty acid ratio, may be tied to inflammation and fatigue. In a recent pilot study by Zick et al. 

(2017), in breast cancer survivors, increased dietary intake of omega-3 fatty acid-rich foods 

and reduced saturated fatty acid intake significantly reduced fatigue over a three month 

period (52). Dietary omega-3 fatty acids both through marine sources and plant-based oils 

such as flaxseed may reduce chronic inflammation levels (53–55). Considering that 

inflammation is considered one of the main mechanisms behind fatigue in cancer survivors, 

increasing dietary intake of omega-3 fatty acids appears helpful (2).

Dietary intake of omega-6 fatty acids appears to have varying effects on inflammation and 

CRF. In one analysis, breast cancer survivors with the highest intake of omega-6 fatty acids 

had the highest CRP levels and more than double the apparent risk for fatigue compared to 

survivors taking omega-3 fatty acid supplements. Omega-3 fatty acid intake was measured 

based on daily fish oil or flaxseed oil supplementation, but intake of the omega-6 fatty acids 

for this study were assessed through a food frequency questionnaire, which might not 

adequately measure dietary intake (55). In contrast, recent findings suggest that omega-6 fats 

when taken as a soybean oil supplement have an anti-inflammatory effect, not unlike fish oil, 

although through different mechanisms (56). Soybean oil intake appears to promote 

corticosterone, an anti-inflammatory hormone, and combined with other anti-inflammatory 

effects, suggests that omega-6 fatty acids are not as harmful as once thought (56). Therefore, 

omega-6 fatty acids, particularly as provided through soybean oil, may affect CRF 

symptoms.

In contrast, a low-fat diet is associated with reduced CRF while higher percent kilocalories 

from fat is associated with fatigue (57). Increased total dietary fat may promote malignant 

cell growth as well as cell proliferation and angiogenesis through the IGF signaling pathway, 

as well as reactive oxygen species (ROS) generation (58). ROS promotes increased 

inflammation in cancer patients, indicating a potential role of high-fat diets in CRF (59). 

Increased saturated fatty acid intake has been shown to stimulate a similar inflammatory 

response as to what normally occurs in a diet excessively high in total fat (60). Chronic 

higher intake of saturated fatty acids promotes inflammation in white adipose tissue, the 

liver, skeletal muscle and even the brain (60–62). This effect is related to pathogenic 

inflammatory lipopolysaccharides, as well as gut microflora release of endotoxins (62, 63). 

In addition, saturated fatty acids directly stimulate inflammatory gene expression by way of 

TLR4 signaling in vitro (63). Chronic high levels of saturated fats, as seen in the Western 

diet, may play a role in CRF through inflammation and changes in gut microflora (63). A 

reduction in saturated fatty acids intake may reduce inflammation and even mortality in 

cancer survivors (57, 58, 64).

Inglis et al. Page 5

Nutr Cancer. Author manuscript; available in PMC 2020 January 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Carbohydrates—Refined carbohydrates and diets high in sugar are also pro-inflammatory 

and obesogenic, especially when combined with high saturated fat intake (65–68). Weight 

loss that combines a lower fat diet with a lower carbohydrate diet is most effective (67, 69, 

70). Reducing dietary intake of refined carbohydrates probably impacts CRF as well as 

weight loss (52, 65, 71).

In contrast, higher intake of dietary fiber, as found in complex carbohydrates, has been 

shown to be anti-inflammatory, and to even reduce fatigue (57, 72). Both soluble and 

insoluble fiber appear to lower CRP concentrations and systemic inflammation, possibly due 

to changes in intestinal microflora and decreased lipid oxidation (72, 73). In breast cancer 

survivors, dietary fiber was found to be inversely related to fatigue, with mean fatigue being 

significantly greater for participants consuming <25 g/day of fiber versus >25 g/day (57). 

High fiber diets also enhance satiety and appear to be as effective for weight loss as a low 

carbohydrate diet (74, 75). Both the anti-inflammatory effect and weight maintenance may 

both impact fatigue.

Recommendations for macronutrients for cancer survivors should be inclusive, whole food 

diets. Attention should be given to adequate protein intake for lean mass, healthy intake of 

omega-3 fatty acids, omega-6 fatty acids and higher fiber carbohydrates to reduce 

inflammation and obesity and improve CRF in the cancer survivor.

MICRONUTRIENTS

Micronutrient (vitamin and mineral) status also should be assessed in cancer survivors with 

CRF. Micronutrient deficiencies are common in cancer patients, both at the time of 

diagnosis as well as at the time of treatment (76, 77). Decreased intake of micronutrients 

with antioxidant properties reduces oxidative capacity, muscle quality and may increase 

fatigue and even promote cancer cachexia (78, 79). Cancer patients with antioxidant 

micronutrient deficiencies present with increased oxidative stress markers and/or 

inflammation, potentially increasing their risk for CRF (76, 80). The demands of cancer and 

its treatment potentially increase the need for intake of antioxidant nutrients such as vitamin 

C, due to greater numbers of free radicals (79, 81, 82). Chemotherapeutic agents, especially 

platinum-based agents, contribute to increased risk for micronutrient deficiencies. 

Chemotherapy may promote anorexia, stomatitis and gastrointestinal tract disturbances, 

while certain antimetabolite drugs inhibit the synthesis of essential vitamins and pyrimidines 

(83). Furthermore, nutritional deficiency risk is higher in cancer survivors because the 

population is mostly older adults (84–86).

Anemia—Anemia, particularly iron deficiency or vitamin B12 deficiency, is common in 

cancer patients and a contributor to fatigue and impaired physical function in cancer 

survivors (87, 88). Iron-deficiency anemia occurs in over 30% of cancer survivors, with high 

prevalence in pancreatic cancer, gastrointestinal cancer and myeloma (88, 89). Cancer 

survivors may develop anemia during or after treatment related to a number of stressors 

including nutritional deficiency, renal insufficiency, anemia of chronic disease, hemolysis, 

impaired erythropoiesis, inflammation, bleeding and abnormal tumor-associated vasculature 

(89, 90). Inflammation, often secondary to chemotherapy and radiation, further increases 
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anemia (90). Unfortunately, anemia of cancer has proven difficult to treat, remaining 

pervasive in survivors. Therapy by transfusion of packed red blood cells may lead to 

immunosuppressive effects and infection, while a number of cancer patients, including 

breast cancer survivors, experience venous thromboembolism due to erythropoiesis-

stimulating agents (89–91). Many cancer survivors have poor tolerance for oral iron 

supplementation or they do not experience meaningful improvement with oral supplements 

(89, 92). In recent studies in cancer patients with iron-deficiency anemia, intravenous iron 

supplementation appeared effective in many who had not improved with oral supplements, 

with significant improvements in both hemoglobin and fatigue symptoms (89, 92). 

Intravenous iron sucrose appears to prevent iron-deficiency anemia in cancer patients 

receiving chemotherapy, possibly also reducing CRF post-treatment, correcting iron 

deficiency more efficiently than oral supplements (93).

Patients with gastric cancer receiving total or subtotal gastrectomy often develop 

megaloblastic anemia due to vitamin B12 deficiency (94, 95). Symptoms include fatigue, 

palpitations and headache (94). Depending on the extent of gastric resection, gastric cancer 

patients have total cessation or severe decreases in gastric acid, pepsin and intrinsic factor 

production, all vital for vitamin B12 absorption (95). Vitamin B12 deficiency can occur as 

early as one year after surgery for gastric cancer patients and correlates with the time period 

they may be battling fatigue from other issues related to cancer and its treatment (95). 

Additionally, approximately 15% of elderly cancer patients (≥75 years) have vitamin B12 

deficiency prior to surgery, while >30% of B12 deficiency is attributed to gastrectomy (94). 

Pancreatic cancer survivors who underwent partial gastrectomy lack sufficient intrinsic 

factor production from parietal cells in the stomach, putting them at further risk of vitamin 

B12 deficiency (84). Although patients with gastric cancer are typically treated with 

intramuscular injections of B12 every three to four months, greater awareness should be paid 

to the role of this nutrient in CRF, especially in elderly cancer survivors (96).

Fat-soluble Vitamins—Fat-soluble vitamin (A, D, E and K) deficiencies, especially 

vitamin D deficiency, are common in pancreatic cancer survivors due to decreased 

pancreatic lipase after undergoing the Whipple Procedure (97). Vitamin D deficiency is 

prevalent in obese breast cancer survivors as well, and is tied to reduced physical function 

and musculoskeletal pain (98–101). Vitamin D deficiency in cancer survivors impacts body 

composition, increasing the risk for both bone loss and even sarcopenia (97, 102). Vitamin D 

levels are inversely correlated with sarcopenia in older adults, and vitamin D 

supplementation is now considered a possible treatment for improving muscle function in 

the elderly (103–105). The mechanism by which vitamin D improves physical function may 

be related to anti-inflammatory properties, through local production of the hormone 

calcitriol, the active metabolite of vitamin D3 (101, 106). Evaluating and correcting vitamin 

D status may impact CRF and lead to improvements in physical function.

Currently, the benefit of micronutrient supplementation to cancer survivors with fatigue 

post-treatment has not been fully established, despite the evidence of deficiency in this 

population. Addressing micronutrient deficiency in cancer survivors may prove difficult. 

Research shows that cancer survivors do not respond well to nutrition supplementation, due 

to reduced dietary intake as well as altered metabolism and absorption (82, 107, 108),. 
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Alternative methods for intake and/or absorption may improve nutritional status (92). 

Micronutrient status could play a role in CRF, but more research is warranted.

DIETARY PATTERNS

The ketogenic diet, traditionally a very low-carbohydrate and high-fat diet, was developed as 

an anticonvulsant therapy for epileptics (109). Increasingly, the ketogenic diet appears to 

promote anti-inflammatory metabolic effects, producing fewer ROS, fewer free radicals and 

elevated levels of the anti-inflammatory neuromodulator adenosine (110). Even so, research 

in cancer patients suggests the ketogenic diet might not be appropriate, as it also can 

promote weight loss and cachexia (111). Furthermore, long-term, a ketogenic diet might also 

elevate blood lipid levels, increase the risk of nonalcoholic fatty liver disease and promote 

insulin resistance (112).

The Mediterranean diet is anti-inflammatory and even has the potential to impact anti-

inflammatory genes to improve fatigue for cancer survivors (113, 114). Recognized for 

preventing chronic disease, the Mediterranean diet is rich in legumes, nuts, fish and other 

lean sources of protein as well as fruits and vegetables. At the same time, the diet limits 

saturated fatty acids and trans fatty acids, and increases intake of omega-3 fatty acids, 

monounsaturated fatty acids and complex carbohydrates (113, 115). Dietary fiber is double 

(>30 g/day vs. 16 g/day) what the average American consumes daily (115, 116). The 

Mediterranean diet could reduce CRF through lowering inflammation and improving gut 

microflora. In addition, when obese individuals adopt a Mediterranean diet, they often 

experience weight loss (115).

The macrobiotic diet is a seasonal, low-fat, plant-based diet composed of whole grains, 

beans, soy, vegetables and sea vegetables, developed heavily from the traditions of Chinese 

medicine (117, 118). The macrobiotic food guide pyramid restricts fruits, seeds, nuts and 

fish to once a week or less, while other animal products such as red meat or dairy products 

are almost completely omitted (117, 118). Processed or refined carbohydrates and sugary 

foods are also heavily restricted (117, 118). While receiving attention for reducing cancer 

recurrence, due to anti-inflammatory and protective compounds, the macrobiotic diet also 

holds promise for reducing fatigue levels (57). Like the Mediterranean diet, the macrobiotic 

diet is considerably higher in dietary fiber than the Western diet, and is therefore anti-

inflammatory (57, 119). The diet is low in pro-inflammatory fats and refined sugars and rich 

in phytochemicals and other nutrients that may be protective against oxidative damage from 

cancer and its treatment. However, the macrobiotic diet does appear somewhat too restrictive 

for some, and could worsen cancer cachexia in patients suffering involuntary weight loss. 

Macrobiotic dietary restrictions also lead to lower vitamin B12, vitamin D and calcium 

levels, potentially increasing the cancer survivor’s risk for bone loss, as well as other 

disorders (119–121). At best, this dietary pattern may be recommended in a liberalized 

format, giving the cancer survivor options, including more servings of dairy or fish, as well 

as other recommendations aimed at protecting bone health (122).

The Paleolithic dietary pattern, also called the Paleo diet or stone-age diet, is an eating 

pattern exemplifying the dietary intake of hunter-gatherers, or Paleolithic man (123). This 

diet excludes all refined sugars, breads, pasta, dairy products, processed meats, added 
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sodium and alcohol (124). The Paleo diet also incorporates greater intakes of nuts, fruits, 

vegetables and fish than many Americans typically consume, being anti-inflammatory and 

potentially a weight loss aid (123). In a recent analysis examining middle-aged men and 

women, those with the highest Paleolithic diet scores (intake) had decreased CRP levels or 

inflammation and this reduction was comparable to the anti-inflammatory effect from a 

Mediterranean diet (123). Similar to the Mediterranean diet, the anti-inflammatory effect of 

the Paleo diet might support cancer survivors in reducing fatigue. Still, the Paleo diet has 

many dietary restrictions on breads, pasta and desserts, etc. which may be challenging for 

many individuals. Also, additional research has identified a possible iodine deficiency risk in 

some extreme cases due to the low sodium intake and dairy restriction (125). The Paleolithic 

diet may also be problematic for cancer survivors with low body weight or cachexia as the 

diet is lower energy and promotes satiety (125). Like the macrobiotic diet, the Paleo diet is 

possibly too restrictive and may require liberalization.

Recently, plant-based diets have received attention for their potential to confer protection 

against cancer occurrence and reoccurrence (126, 127). Such dietary patterns, including the 

vegan or various vegetarian diets, may also benefit cancer survivors experiencing fatigue due 

to their anti-inflammatory and antioxidant effects. The vegan diet promotes a more favorable 

fatty acid profile and higher intakes of polyphenols and certain antioxidants than non-

vegetarians (128). Additionally, a primary benefit of a plant-based diet is the significant 

increase in dietary fiber, which not only promotes insulin sensitivity, but has been shown to 

decrease both inflammation and fatigue in cancer survivors (57, 126, 129). Research shows 

that dietary fiber intake is approximately 40% higher in men and women who consume a 

vegan diet, compared to those who eat meat or an omnivorous diet (130). However, more 

strict plant-based diets that omit dairy, such as the vegan diet, should be consumed with the 

awareness that they are potentially deficient in vitamin D, B12, calcium, zinc and even 

iodine, which could be especially concerning for elderly cancer survivors (127, 131).

In recent years, dietary patterns such as the Mediterranean Diet have shown potential to 

reduce chronic disease and improve conditions such as CRF, being tolerable for most 

patients in the Western world. More restrictive diets such as the Macrobiotic, Paleo or vegan 

diet are not only more difficult to maintain, but may even lead to nutritional inadequacy in 

certain populations. Although the impact on CRF is not fully established, cancer survivors 

who choose these dietary patterns may benefit by taking a more liberalized approach, so that 

they do not exclude as many foods as these diets traditionally call for.

HERBAL SUPPLEMENTS

Cancer survivors often use dietary or herbal supplements to treat their symptoms, with or 

without clinical guidance (132, 133). Although there are limited studies on nutritional 

supplements and CRF management, herbal supplements are one of the three most common 

types of complementary and alternative medicine used by cancer patients (7). Herbal 

supplements are widely available to the American public, supplied by local pharmacies, 

chain and health food stores (133).
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Ginseng—Ginseng, known as Panax ginseng (Chinese ginseng) or Panax quinquefolius 
(American ginseng), is widely used in the United States (133–135). Ginsenoside is the key 

active ingredient in ginseng and is believed to have anti-inflammatory and antioxidant 

properties (134–136). Park et al. (2015) found ginseng reduced inflammatory markers 

associated with fatigue including tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6), 

while increasing running wheel activity in mice (137). Human studies have identified 

ginseng as safe and well-tolerated for both advanced cancer patients and cancer survivors 

(138, 139). Barton et al. (2013) showed that ginseng reduced CRF in cancer survivors based 

on MFSI scores; other research in advanced cancer patients, however, found no benefit of 

Panax ginseng over placebo, although this effect may be dose-dependent (135, 138, 139).

Guaraná—Guaraná, or Paullinia cupana, is an herbal supplement from Latin America used 

for energy, cognition and weight loss (140–143). In a study among 75 breast cancer patients, 

Campos et al. (2011) found that guaraná supplementation reduced CRF symptoms as per 

Functional Assessment of Chronic Illness Therapy-Fatigue (FACIT-F) scores, without 

toxicities (144). In other recent studies examining guaraná in breast cancer survivors, no 

improvement in fatigue could be identified, however, the effect may be dose-dependent (145, 

146). In animal, human and in vitro studies, guaraná extract demonstrates both antioxidant 

and anti-inflammatory properties (147–149). Saponins are bioactive compounds in guaraná 

that demonstrate antioxidant properties (150). Caffeine, a xanthine found in guaraná seeds, 

stimulates and prolongs lipolysis due to its effects on the androgenic receptor and action as 

an adenosine receptor antagonist, speeding up cell activity, although an average beverage 

with guaraná contains only 2–3 mg of caffeine (141, 142, 151, 152). The improvement in 

energy from guaraná is also related to catechins, tannins (proanthocyanidins) and other 

alkaloids (142, 143). In addition, guaraná may benefit breast cancer survivors by reducing 

hot flashes (144, 153).

Reishi Mushroom—Reishi mushroom or Ganoderma lucidum is a medical mushroom 

with immunomodulating functions and anti-inflammatory effects (154–156). The main 

bioactive components are G. lucidum polysaccharides, which, although dose-dependent, 

appear to significantly reduce levels of IL-6 and TNF-α, inflammatory markers associated 

with CRF in both human and mouse models (155–158). G. lucidum polysaccharides appear 

to be safe to administer to cancer patients without toxicities and may even decrease ROS 

levels and promote anticancer effects (157, 158).

Ginger—Ginger (Zingiber officinale) contains the major bioactive compounds gingerol, 

shogaol and dehydrogingerdione that have anti-inflammatory and anticancer activity. These 

compounds appear to inhibit cancer cells and induce apoptosis through the p53 pathway in 

ovarian, breast, colon and prostate cancer (159–161). Abolaji et al. (2017) found 6-gingerol 

to be chemoprotective against secondary oxidative brain damage, and in other research 

gingerol has been used to treat chronic conditions including arthritis due to its anti-

inflammatory effect (161–163). Although research on Z. officinale and fatigue is limited, the 

combined impact on oxidative damage and inflammation could indicate a potential role for 

cancer patients during and after cancer treatment to prevent CRF (164, 165). In a recent pilot 

study in cancer patients, Z. officinale decreased fatigue and improved quality of life at cycles 

Inglis et al. Page 10

Nutr Cancer. Author manuscript; available in PMC 2020 January 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



1 and 3 in comparison to the placebo group (165).Furthermore, ginger extract appears safe 

and tolerable for cancer patients with minimal side effects (165, 166).

Astragalus—Astragalus membranaceus, an herb from traditional Chinese medicine, has a 

wide range of therapeutic effects, including anti-inflammatory, immunomodulating and 

anticancer properties (167–169). The benefits to patients with fatigue may be related to 

reduced inflammation and oxidative stress via regulation of the NF-κB and AP-1 signaling 

pathways as well as antioxidant mechanisms (168, 170). Huang et al. (2016), found that 

astragalus polysaccharides, a major bioactive ingredient extracted from Astragalus 
membranaceus, reduced oxidative stress and mitochondrial dysfunction related to fatigue. 

The protective effect was related to scavenging ROS, increasing activity of antioxidant 

enzymes and reducing mitochondrial dysfunction and ultimately improving energy 

metabolism (171). In a recent study of patients with fatigue post-stroke, A. membranaceus 
improved BFI scores, cognitive functioning and QOL, further demonstrating a possible role 

in reducing fatigue (172).

Schisandra—Schisandra chinensis fruit is a well-known herb in Traditional Chinese 

Medicine used to treat fatigue, containing lignans with both antioxidant and anti-

inflammatory properties (173, 174). In a recent animal study examining chronic fatigue, S. 
chinensis fruit altered metabolic pathways and restored energy metabolism, including the 

TCA cycle, alanine, aspartate and glutamate metabolic pathways (175). In other recent 

research, S. chinensis inhibited inflammatory cytokine expression TNF-α, IL-1β and the 

expression of nitric oxide synthase, with no toxicity, pointing to a potential role in treating 

CRF (176).

Herbal supplements have been used for thousands of years in the treatment of fatigue and 

inflammatory diseases (177, 178). The dosage and mechanisms by which supplements 

reduce fatigue are poorly understood, and there are a number of considerations, including 

the fact that CRF often improves with placebo treatment (138, 146). In addition, 

effectiveness may be dose-dependent or may differ across human vs. animal models (154, 

155). Evaluating biomarkers and other factors, in addition to questionnaires such as the 

MFSI, might further help identify the effects if any, of herbal supplements on CRF.

MICROBIOME

In recent decades, the gastrointestinal microbiome, which resides in the mucosal surface of 

the human intestine, has come to be implicated with human health and immunity (179, 180). 

The human microbiome is a large, genetically diverse system containing more than 100 

trillion bacteria with over 1000 microbial species, mostly anaerobic (179–183). Gut bacteria 

colonies are fairly stable, relying on genetic inheritance to select gut microbial diversity, 

however, microbial diversity is also impacted by living environment, medications and diet 

(180). Dietary factors mainly affect the two dominant bacterial divisions, Bacteroidetes (B) 

and Firmicutes (F). Diets that are more plant-based and higher in fiber increase the B/F ratio, 

whereas the B/F ratio is believed to decrease with diets that contain more processed 

carbohydrates, high levels of animal fats and higher sucrose (180, 184). A change in gut 

bacteria such as when Firmicutes prevail over Bacteroidetes (low B/F ratio), may lead to 
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chronic intestinal and systemic inflammation; lower Bifidobacteria and higher numbers of 

aerobic bacteria such as Enterococcus and Streptococcus have been documented in chronic 

fatigue syndrome patients (184, 185). Recently, a relationship has been identified between 

perturbations in the microbiota and the development of colon tumorigenesis, where gut 

microbiota can create genotoxic stress in the intestinal environment, facilitating genetic 

changes that lead to cancer (179).

Increasing evidence ties comorbidities that the elderly experience to changes in diet and 

therefore to changes in gut bacteria that promote chronic inflammation and disease (183, 

186). Bacteria species and their metabolites are partially determined by the human diet, 

including dietary fiber intake (179, 186). This may further explain how increased dietary 

fiber is tied to both reduced chronic inflammation and reduced CRF (57).

Probiotic and Prebiotic Supplementation—The use of probiotics to correct an 

imbalanced gut microbiome is associated with reduced pro-inflammatory markers CRP and 

TNF-α (187). Groeger D. et al. (2013) demonstrated that oral supplementation with 

Bifidobacteria decreased IL-6, CRP and TNF-α (187). In addition, the administration of 

probiotics may improve mucosal barrier function while decreasing pro-inflammatory 

cytokines (182). Probiotics also show promise as an intervention for several cancer-related 

symptoms and treatment toxicities. The most studied area is in prevention of radiation 

toxicity among cancer patients undergoing treatment for pelvic malignancies such as 

prostate, rectal, cervical, uterine or endometrial cancer (188, 189). Pelvic radiation has direct 

effects on the intestinal tract through cell death as well as indirect effects on inflammatory 

signaling, atrophy, and fibrosis; symptoms include diarrhea, nausea, abdominal pain and 

fatigue (190). Additional side effects include altered intestinal transit and nutrient 

malabsorption, which long-term may contribute to malnutrition and fatigue (191). These 

symptoms may be related to disruption of the normal intestinal microbiome during a course 

of pelvic or abdominal radiotherapy, leading investigators to hypothesize that probiotic 

and/or prebiotic supplementation could prevent or mitigate the disruptive effects of radiation 

and reduce the rate and/or severity of gastrointestinal toxicity (191). Delia et al.(2007), 

found that patients randomized to daily use of probiotics during radiotherapy experienced 

significantly less radiation induced enteritis and colitis compared with placebo (31.6% vs. 

51.8%) (192). Recent research found an overall benefit of probiotic use on the incidence of 

radiation-induced and chemotherapy- induced diarrhea (189, 193)., Similar to radiotherapy, 

chemotherapy disrupts the intestinal microbiome, leading to similar effects such as 

malabsorption, imbalanced bacterial growth and disruption of the mucosa, which can in turn 

lead to systemic effects such as fatigue (194, 195).

Lee et al. (2014), examined the effect of probiotics on fatigue in a randomized trial of 

colorectal cancer survivors who had completed treatment up to two years prior to study 

enrollment (196). Survivors randomized to the probiotic arm had a small but significant 

improvement in fatigue over baseline, as assessed using the FACIT-F. More research is also 

needed examining the effect of probiotics in cancer patients when used prior to or during 

treatment as well as which prebiotics, fibers or dietary patterns best promote anti-

inflammatory gut bacteria populations in cancer survivors and cancer survivors’ tolerability 

to probiotic and prebiotic treatment.
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Discussion

It seems plausible that a cancer survivor’s struggle with fatigue is partly related to dietary 

intake prior to, during and after treatment. Cancer survivors experience altered metabolism, 

altered taste and changes in body composition. Dietary intake is often compromised in this 

population, as well as absorption of nutrients. Cancer survivors are particularly at risk for 

sarcopenia, sarcopenic obesity and/or nutritional inadequacy that could lead to further 

weakness and dysfunction, particularly in older adults. Dietary patterns rich in fruits, 

vegetables, whole grains and anti-inflammatory fatty acids could improve CRF in patients 

with cancer and cancer survivors. Some research suggests that nutritional supplements could 

improve CRF outcomes. However, there is very limited research on this topic, and few 

resources are available for cancer survivors with fatigue at this time. Perhaps in the future, 

more research combining nutritional interventions with more established treatments for CRF 

including yoga, aerobic and resistance exercise would prove most effective (197–199). More 

studies, particularly clinical trials, examining dietary interventions for CRF are needed, to 

establish CRF-specific dietary recommendations for cancer patients and survivors.

Limitations:

The area of nutritional interventions for cancer survivors with CRF is a new area of research 

and there is limited established research regarding the experience of cancer survivors and 

nutritional interventions and treatments. The interventions reviewed in this paper often did 

not directly examine CRF and nutritional interventions. The paper examined mechanisms 

that also were tied to CRF in cancer survivors including inflammation and lean mass 

maintenance. Another potential limitation is that different studies assessing CRF used 

different survey instruments, including the Brief Fatigue Inventory, Multidimensional 

Fatigue Symptom Inventory- Short Form and Functional assessment of Cancer Therapy for 

Fatigue. These survey instruments for fatigue have been shown to be valid and reliable; 

accurate in assessing fatigue symptoms in cancer patients. This was a preliminary and 

qualitative review and some results in cancer survivors varied by study in how they 

measured fatigue.
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Figure 1. 
Nutritional factors that contribute to cancer-related fatigue. TNF-α, tumor necrosis factor-

alpha; CRP, C-reactive protein.
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Table 2.

Study characteristics of trials involving nutritional interventions and CRF.

Author (year) Nutrient/Supplement Design and Methods Fatigue Scale Reported Findings Conclusion

Stobaus et al. 
(2015) (30)

Dietary protein intake A prospective cohort 
study of 285 cancer 
patients undergoing 
chemotherapy was 
conducted. Protein 
and energy intakes 
were assessed by 24-
h recall and CRF was 
measured with the 
Brief Fatigue 
Inventory.

Brief Fatigue 
Inventory (BFI)

Lower recent 
protein intake (<1 
g/kg body weight) 
assessed by 24 h 
recall, was 
associated with 
more than a 
twofold higher risk 
of CRF and greater 
six-month 
mortality. Protein 
intake was a 
stronger contributor 
to CRF than 
nausea/vomiting, 
insomnia or age.

Lower protein 
intake (<1 g/kg 
body weight) is 
associated with 
more than a 
twofold 
increased risk of 
CRF in cancer 
patients 
undergoing 
chemotherapy.

Lesinski et al. 
(2015) (31)

Soy isoflavone supplementation A phase II 
randomized clinical 
trial of 32 prostate 
cancer patients took 
place over eight 
weeks.

N/A Pre/Post analyses 
indicated a 
significant decrease 
in TH1 and 
myeloid-derived 
suppressor cell 
cytokines (p<0.05)

Soy bread 
supplementation 
may modulate 
cellular 
biomarkers 
consistent with 
limiting 
inflammation 
and suppression 
of MDSCs.

Gramignano et 
al. (2006) (32)

L-carnitine supplementation A prospective pilot 
study was conducted 
among 12 patients 
with various types 
advanced solid 
tumors, CRF, and/or 
high levels of 
reactive oxygen 
species. Patients 
received 6 g/d (2 g in 
three doses) of L-
carnitine for four 
weeks while 
receiving 
antineoplastic 
treatment. Lean body 
mass was measured 
by bioelectrical 
impedance analysis.

Multidimensional 
Fatigue Symptom 
Inventory-Short 
Form (MFSI-SF)

The General and 
Physical Scores for 
the MFSI-SF 
decreased 
(p=0.001) and lean 
mass increased 
(p<0.05) from 
baseline to week 4.

L-carnitine 
supplementation 
may decrease 
CRF and 
promote 
increased lean 
mass.

Marx et al. 
(2017) (33)

Carnitine supplementation A meta-analysis was 
performed using 
random-effects 
model on carnitine 
and CRF and 12 
studies were included 
in the final review.

Functional 
Assessment of 
Cancer Therapy 
for Fatigue (FACT-
F), MFSI-SF, BFI, 
EQ-5D Visual 
Analogue Scale

Eight studies 
reported that 
carnitine improved 
fatigue and four 
reported no benefit. 
Studies reporting 
improvement were 
overwhelmingly 
single arm, non-
randomized studies 
with significant 
risk of bias.

More Phase III, 
randomized 
placebo-control 
trials are needed 
to examine the 
effect of 
carnitine on 
CRF.

Zick et al. 
(2017) (34)

Fatigue reduction diet: diet rich in fruit, 
vegetables, whole grains, and omega-3 
fatty acid-rich foods

A three-month 
randomized pilot 
study of 30 breast 
cancer survivors, 
stages 0-III was 
conducted, where 15 
received the Fatigue 
Reduction Diet and 

BFI Women receiving 
the dietary 
intervention 
experienced a 
greater decrease in 
CRF symptoms 
(p<0.01) compared 

Diets rich in 
whole grains, 
omega-3 rich 
foods and fruits 
and vegetables 
may reduce 
CRF in breast 
cancer patients.
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Author (year) Nutrient/Supplement Design and Methods Fatigue Scale Reported Findings Conclusion

15 controls received 
general health 
education with no 
dietary intervention.

to the control 
group.

Alfano et al. 
(2012) (35)

Intake of omega-3 polyunsaturated fatty 
acids (PUFAs)

A prospective cohort 
of 633 breast cancer 
survivors completed 
a food frequency 
questionnaire and 
provided blood 
samples for CRP and 
serum amyloid A 
analysis.

Piper Fatigue Scale Those with high 
CRP had a greater 
odds of fatigue 
(OR=1.8; p<0.05). 
A higher intake of 
omega-6 relative to 
omega-3 PUFAs 
was associated with 
greater CRP 
(p=0.01).

Higher intake of 
omega-3 PUFAs 
are linked to 
decreased 
inflammation 
and decreased 
fatigue in 
cancer 
survivors.

Guest et al. 
(2013) (36)

Dietary intake of fat (% kcal/day) and fiber 
(g/day)

A cross-sectional 
study was performed 
from data obtained 
from a randomized 
controlled trial of 42 
breast cancer 
survivors. Data from 
a 3-day diet record, 
physical activity and 
fatigue was analyzed.

FACT-F Fatigue was 
positively 
associated with % 
kcal/day of fat 
(r=0.31, p<0.05). 
Mean fatigue was 
greater for 
participants 
consuming <25 
g/day of fiber 
compared with >25 
g/day of fiber 
(p<0.005).

Diets high in 
fiber and low in 
fat are 
associated with 
reduced fatigue 
in breast cancer 
survivors.

Okumatsu et al. 
(2017) (37)

Low kcalorie diet + exercise program A randomized 
controlled trial was 
conducted amount 32 
Japanese female 
breast cancer 
survivors undergoing 
endocrine therapy. 
For 12 weeks, 21 
women were in the 
intervention group: 
1200 kcal/day diet 
+ 90 min/week 
exercise, and 11 were 
in the control group 
not receiving the 
intervention.

N/A The intervention 
group experienced 
greater weight loss 
(p<0.001). Also, 
CRF scores 
decreased by 39% 
among the 
intervention group 
(p<.001) while 
remaining the same 
in the control 
group.

Breast cancer 
survivors may 
experience a 
significant 
reduction in 
CRF with 
weight loss and 
a combined diet 
plus exercise 
program.

Barton et al. 
(2013) (38)

2000 mg Wisconsin ginseng A double-blind 
randomized 
controlled trial was 
conducted among 
364 cancer survivors 
with a CRF score of 
4 or greater. Subjects 
were randomized to 
receive either 2000 
mg Wisconsin 
ginseng or a placebo 
twice/day over eight 
weeks.

MFSI-SF Changes from 
baseline in the 
general subscale of 
the MFSI-SF were 
14.4 in the ginseng 
arm vs 8.2 in 
placebo at 4 weeks 
(p=0.07). A 
significant 
difference was seen 
at 8 weeks with a 
change score of 20 
for the ginseng 
group and 10.3 for 
the placebo group 
(p=0.003).

Wisconsin 
ginseng reduced 
CRF in cancer 
survivors over 
an eight-week 
period.

Park et al. 
(2015) (39)

Ginseng extract, ginsenoside-β-glucosidase A randomized 
controlled trial of 
five-week-old female 
Balb/c-nu/nu mice 
were treated with 5-
fluorouracil to 
simulate cancer 
treatment. They were 
evaluated for CRF by 
running wheel 
activity and a forced 

N/A Treatment with 
ginseng extract 
significantly 
increased running 
wheel activity and 
forced swimming 
time compared to 
controls. Ginseng 
extract increased 
muscle glycogen 
activity and 

Ginseng extract 
may improve 
CRF symptoms.
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Author (year) Nutrient/Supplement Design and Methods Fatigue Scale Reported Findings Conclusion

swimming test. 
Control mice were 
given modafinil.

reduced serum 
TNF-α and IL-6 
levels.

Yennurajalingam 
et al.(2017) (40)

Panax ginseng A randomized, 
double-blind, 
placebo-controlled 
study was conducted 
among 112 patients; 
56 received 400 mg 
Panax ginseng twice 
daily and 56 received 
the placebo twice 
daily for 28 days.

FACT-F There was a 
significant 
improvement in 
CRF in both the 
Panax ginseng and 
the placebo groups 
with no significant 
difference between 
groups.

Panax ginseng 
was no better 
than the placebo 
at reducing CRF 
symptoms.

Barton et al. 
(2010) (41)

American ginseng A randomized 
double-blind, 
placebo-controlled 
trial was conducted 
among 290 patients 
with cancer; 
participants received 
American ginseng at 
750, 1,000, or 2,000 
mg/day or a placebo 
twice daily over eight 
weeks. Each group 
had approximately 70 
subjects.

BFI The group 
receiving 750 
mg/day did not see 
an improvement in 
fatigue greater than 
the placebo. The 
subjects receiving 
higher doses of 
ginseng (1,000 and 
2,000 mg/day) 
were twice as likely 
to experience a 
reduction in 
fatigue.

Higher doses of 
1,000–2,000 
mg/day of 
American 
ginseng reduced 
fatigue with few 
toxicities.

de Oliveira 
Campos et al. 
(2011) (42)

Guaraná (Paullinia cupana) A randomized 
controlled trial was 
conducted with 75 
breast cancer patients 
with fatigue after 
chemotherapy. They 
were randomized to 
receive either 
guaraná (50 mg) 
twice/day or a 
placebo for 21 days. 
After a 7-day 
washout period, 
subjects were re-
allocated to the 
opposite 
experimental arm and 
the study continued 
for 21 more days.

BFI, FACT-F The group 
receiving the 
Guaraná 
supplement had 
significant 
improvements in 
fatigue at days 21 
and 49 compared to 
the placebo 
(p<0.01).

Guaraná 
reduced CRF in 
breast cancer 
patients after 
chemotherapy.

da Costa 
Miranda et al. 
(2009)(43)

Guaraná (Paullinia cupana) A randomized 
controlled trial was 
conducted among 36 
breast cancer patients 
undergoing adjuvant 
radiation therapy. 
Subjects were 
randomized to either 
75 mg guaraná daily 
or a placebo.

Chalder Fatigue 
Scale, BFI

There was no 
significant 
difference between 
groups in fatigue 
levels.

Guaraná did not 
show any 
benefit over the 
placebo group 
in reducing 
fatigue in breast 
cancer patients.

Sette CVM et al. 
(2017)(44)

Guaraná (Paullinia cupana) A review was 
published of two 
randomized 
controlled trials in 
breast cancer patients 
with fatigue after 
adjuvant 
chemotherapy. In the 
first study one group 
received 37.5 mg of 
guaraná and the other 
group received a 
placebo twice daily. 
In the second study, 

Chalder Fatigue 
Scale, BFI

There was no 
significant 
difference in 
fatigue levels 
between groups 
identified in either 
study. The placebo 
treatment contained 
magnesium silicate, 
which may have 
comparably 
impacted fatigue 
levels.

Guaraná 
supplementation 
did not appear 
to improve 
CRF. Future 
studies should 
also examine 
the impact of 
magnesium 
supplementation 
on 
chemotherapy-
induced fatigue.
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Author (year) Nutrient/Supplement Design and Methods Fatigue Scale Reported Findings Conclusion

one group received 
7.5 mg of guaraná, 
the second group 
received 12.5 mg 
guaraná and the third 
group received a 
placebo twice daily.

Zhang et al. 
(2015) (45)

Astragalus membranaceus A randomized 
controlled trial was 
conducted with 
Kunming mice. Mice 
were divided into a 
control group or one 
of three astragalus 
dosage treatment 
groups: low dose (1.0 
g/kg/day), mid-dose 
(3.0 g/kg/day) or 
high dose (30 g/kg/
day). Fatigue was 
assessed based on 
swimming time.

N/A The mice in the 
three astragalus 
groups had 
significantly longer 
swimming time 
than the placebo 
group (p<0.05). In 
the high and top 
dosage groups, 
liver glycogen and 
superoxide 
dismutase 
increased.

Astragalus had 
an anti-fatigue 
effect and future 
studies in 
humans are 
warranted.

Liu et al. (2016) 
(46)

Astragalus membranaceus A randomized 
controlled trial was 
conducted among 64 
patients with post-
stroke fatigue. 
Participants were 
randomized to either 
2.8 g Astragalus 
three times/day or a 
placebo for 28 days.

BFI The treatment 
group experienced 
a significant 
decrease in fatigue 
based on BFI 
scores at visits 2 
and 3.

Astragalus may 
reduce fatigue. 
However, larger 
trials for longer 
periods of time 
are needed.
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