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Dietary therapy may be beneficial in alleviating symptoms of chronic fatigue syndrome (CFS), a disorder that is characterized by extreme fatigue and other symptoms, but the cause of which remains unclear. The aim of this study was to evaluate the protective effect of a botanical product containing cistanche (Cistanche tubulosa [Schenk] Wight) and ginkgo (Ginkgo biloba L.) extracts on adults with CFS in a randomized, double-blind, placebo-controlled clinical trial. A total of 190 subjects (35–60 years old, non-obese) with CFS were randomized to receive one tablet of a low dose (120-mg ginkgo and 300-mg cistanche), a high dose (180-mg ginkgo and 450-mg cistanche) or a placebo once daily for 60 days. Blood samples and responses on the Chalder fatigue scale (CFQ 11), the World Health Organization's quality of life questionnaire (WHOQOL), and the sexual life quality questionnaire (SLQQ) were collected at baseline and post-intervention. CFS symptoms of impaired memory or concentration, physical fatigue, unrefreshing sleep, and post-exertional malaise were significantly improved (p < 0.001) in both of the treatment groups. The botanical intervention significantly decreased physical and mental fatigue scores of CFQ 11 and improved WHOQOL and SLQQ scores of the subjects (p < 0.01). Levels of blood ammonia and lactic acid in the treatment groups were significantly lower than those of the placebo group (low-dose: p < 0.05; high-dose: p < 0.01). In addition, the change in lactic acid concentration was negatively associated with the severity of CFS symptoms (p = 0.0108) and was correlated with the change in total physical fatigue score of the CFQ (p = 0.0302). Considering the trivial effect size, the results may lack clinical significance. In conclusion, this botanical product showed promising effects in ameliorating the symptoms of CFS. Clinical trials with improved assessment tools, an expanded sample size, and an extended follow-up period are warranted to further validate the findings.

Clinical Trial Registration: https://clinicaltrials.gov/, identifier: NCT02807649.
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INTRODUCTION

Chronic fatigue syndrome (CFS) is the common name for a group of significantly debilitating medical conditions characterized by persistent fatigue and other specific symptoms that last for a minimum of 6 months in adults. The condition occurs predominantly in women (1). CFS symptoms include post-exertional malaise, unrefreshing sleep, impaired memory or concentration, muscle pain, polyarthralgia, sore throat, tender lymph nodes, and new headaches (2). The global prevalence of CFS is increasing, at present estimated to be between 0.4 and 2.5% (3). The cause of CFS is still unclear, but the condition appears to result from multiple factors. Generally, the onset of CFS is associated with psychological stress, endocrine and immune disorders, genetic factors, and viral infections (1). From a mechanistic perspective, CFS may be the result of inflammation, elevated oxidative stress, and impaired redox status, factors that consequently lead to acquired mitochondrial dysfunction, abnormalities in the hypothalamic-pituitary-adrenal axis, and abnormal adrenergic metabolism (4). In addition, CFS patients may experience abnormally high lactate levels and slowed acid clearance in muscle due to their impaired mitochondrial function (5); therefore, a high blood lactic acid level is often seen in subjects with CFS (4). Currently, there is no standard treatment for CFS. Commonly used treatments include medications that enhance the immune system, nutrition–balanced therapy, cognitive behavioral therapy, local physiotherapy, and graded exercise therapy (6). The main purposes of the treatments are to relieve CFS symptoms, improve psychological well-being, and restore social behavioral functions.

A high prevalence of nutritional supplement usage has been reported among CFS patients, and half of the patients in one study benefitted from nutritional intervention (7). Therefore, dietary therapy such as diet modification and dietary supplementation may be beneficial in alleviating symptoms and reducing fatigue in CFS patients (8). Ginkgo is an extract from the leaves of Ginkgo biloba L. Ginkgo is a powerful antioxidant that can improve cerebral perfusion and associated memory and cognitive deficits (8). Ginkgo supplementation was found to be effective in clearing free radicals in mice during endurance exercise by enhancing superoxide dismutase activity, which delayed fatigue (9). Intriguingly, ginkgo extract supplementation at 120 mg/d also significantly alleviated psychological and physiological distress and fatigue among subjects at a high risk of developing mental health disorders (10).

Cistanche (Cistanche tubulosa [Schenk] Wight) is a popular dietary and traditional ingredient (TCM) in Chinese traditional medicine. In an in vivo study, phenylethanoid-rich extracts of Cistanche at 0.25, 0.50, and 1.00 g/kg bw significantly decreased serum lactic acid levels and delayed the onset of fatigue (11). Based on traditional Chinese medicine (TCM) theory, a healthy status stems from the perfect balance of a set of opposing forces, namely Yin and Yang (12). Yang governs vigor, meaning that Yang is the driving force of biological activities in the human body (13), whereas Yin governs rest, facilitating relaxation and tissue repair (12). Since Yang plays a vital role in maintaining a normal metabolic rate and energizing the body, deficiencies in Yang may lead to fatigue syndromes in humans (13). As a Yang-invigorating tonic herb of TCM (i.e., a herb that reinforces Yang), cistanche has been demonstrated to be beneficial in the treatment of CFS in subjects with Yang deficiency through enhancing mitochondrial function (12). TCM considers the balance of Yin and Yang as a critical factor in maintaining a harmonious status between body, mind, and spirit, and the homeostasis of Yin- and Yang-balance acts as a foundation for overall wellness (12).

A botanical combination of cistanche and ginkgo extract has been developed and shown to improve memory in healthy subjects (Patent ID US9737582B2, US20150320818A1). However, whether such a product exhibits potential health benefits regarding CFS symptoms remains unknown. Therefore, we examined the effect of a cistanche/ginkgo product on the CFS symptoms in a randomized, double-blind, placebo-controlled trial.



METHODS


Trial Design

The clinical trial was conducted in Community Hospital of Baoshan District (Shanghai, China) from May to December 2015. The subjects were identified from a hospital-owned database. A total of 190 subjects were initially enrolled in the study at baseline and were classified by age and gender according to a population-based study in China (14) as (1) males aged 35–50 years old and females aged 35–40 years old; (2) males aged 51–60 years old and females aged 41–60 years old. The subjects were randomly assigned to three groups (group 1: placebo; group 2: a low dose of the product; group 3: a high dose of the product). The subjects consumed their designated products once daily for 60 consecutive days. During the study, 15 subjects withdrew, leaving 175 subjects in the per protocol (PP) analysis (Figure 1). The total dropout rate was 7.9%. Blood samples and questionnaires of Chalder fatigue, quality of life (QOL), and sexual life quality (SLQ) were collected at baseline and post-intervention (day 60). The study was conducted according to the guidelines laid down in the 1964 Declaration of Helsinki and its later amendments. Informed consent was obtained from all subjects. This study was approved by the Institutional Review Board (IRB) of Shanghai Nutrition Society and registered at http://clinicaltrials.gov (NCT02807649).
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FIGURE 1. Flowchart of the clinical trial.




Randomization

Prior to randomization, all inclusion and exclusion criteria were verified to ensure that the potential volunteers qualified for study enrollment. Randomized sequences were generated by using a sequence generator (https://www.random.org/sequences/). The opaque, sequentially numbered randomization envelopes remained sealed until a subject was determined to be eligible for enrollment. To ensure balanced allocation for subjects between different genders in different age groups, the randomization number for the subject was determined as a three-digit random number.

The information requested on the randomization sheet (e.g., subject initials, birth date, and informed consent date) was recorded. The randomization sheets were retained at the study site. The researchers who assigned subjects were not given access to the study site before assignment to ensure that they did not have access to the randomization/allocation documents. The product assignment and subject code (i.e., random number) appearing on the randomization sheet were recorded on the appropriate case report form. For the personal information to remain confidential, each subject was identified only by initials, birth date, and random number.



Intervention

According to a previous report, a single-dose supplementation of ginkgo extract at 120 mg significantly improved cognition and memory performance (15). Cistanche extract supplementation for 48 weeks at 300 mg/d was effective in improving cognitive function in subjects with moderate Alzheimer's disease (16). Based on these data, we hypothesized that a combination of 300-mg cistanche and 120-mg ginkgo may alleviate subjects' mental fatigue, and a higher dosage (a 50% increase) may further improve the beneficial effects. Therefore, the test products were tablets containing a water extract of Cistanche tubulosa root (300 mg per dose for the low-dose group and 450 mg per dose for the high-dose group; minimum 28% echinacoside) and water extract of Ginkgo biloba leaf (120 mg per dose for the low-dose group and 180 mg per dose for the high-dose group; 24% total flavonol glycoside). The Ginkgo biloba leaf extract was obtained from Ningbo Green-Health Pharmaceutical Co., Ltd. (Ningbo, Zhejiang, China), and Cistanche tubulosa root extract was provided by Sinphar Tianli Pharmaceutical Co., Ltd. (Hangzhou, Zhejiang, China). The excipients of the tablets include microcrystalline cellulose, dextrose, maltodextrin, corn starch, croscarmellose sodium, silicon dioxide, magnesium stearate, and coating agents.

Subjects were randomized to receive three tablets of the low dose, high dose, or placebo (tablets with excipients only) once daily for 60 days. The tablets given to the subjects had the same taste and appearance. All the test products and the placebo were manufactured in a Good Manufacturing Practice pilot plant and manufactured (Nutrilite) under quality assurance to ensure compliance with the regulatory requirements for microbial, heavy metal, and pesticide levels.



Inclusion/Exclusion Criteria

The inclusion criteria were as follows: both male and female volunteers (between 35 and 60 years of age) who were diagnosed as having CFS by a study physician (Additional details on the assessment of CFS are provided in the following section). Subjects with BMI (body mass index) ≥ 28 kg/m2 were excluded due to the correlation between obesity and fatigue (17), with obesity being defined as BMI ≥ 28 kg/m2 (18, 19). Subjects were excluded if they had flulike or other symptoms of viral infection within 3 months prior to the first visit to the clinical site, or if they had a history of or had been diagnosed with any of the following diseases that might affect the study results: gastrointestinal disorders, skeletal muscle dysfunction, hepatopathy, nephropathy, endocrine disease, blood disorders, respiratory and cardiovascular diseases. Subjects were also excluded if they were currently taking medicine for cardiovascular or metabolic diseases; if they were current smokers or current or previous alcohol abusers; if they were pregnant or lactating; if they were currently having or had any medical or nutritional therapies, including taking protein supplements or nutrients that promoted exercise capacity within 3 months before screening; if they had lost or gained weight over 5 kg within 3 months before screening; if they had been hospitalized within 3 months before screening; if they had participated in similar clinical trials within 6 months before screening; or if they were unwilling to comply with the study procedures.



CFS Assessment

The CFS was assessed at enrollment in accordance with the diagnostic criteria published by the U.S. Centers for Disease Control (CDC) (2). CFS was diagnosed when (1) the continuous or recurrent attacks of unexplained severe fatigue lasted for more than 6 months and could not be alleviated after sufficient rest, resulting in substantial reduction in previous levels of occupational, educational, social, or personal activities; (2) four or more of the following symptoms were concurrently present for over 6 months: impaired memory or concentration; sore throat; tender cervical or axillary lymph nodes; muscle pain; multiple joint pain; new headaches; unrefreshing sleep; and post-exertional malaise. After the intervention, each of the above symptoms was assessed again for evaluation of the product efficacy. The overall effective evaluation was based on the sum of remission cases (the majority of symptoms were relieved) and relived cases (some symptoms were relieved).



Chalder Fatigue Questionnaire

The Chalder fatigue questionnaire has been widely used to measure the extent and severity of physical and mental fatigue in clinical and epidemiological studies. The original Chalder fatigue scale consisted of 14 items designed to measure fatigue severity over the past 3 months (20). In the following studies, three items were dropped from the 14-item version, resulting in a revised 11-item version (21). For the 11 items, there are two subscales to evaluate two types of fatigue: physical and mental. The scores are rated on a four-point Likert scale (0 = not at all; 1 = the same as usual; 2 = more than usual; 3 = much more than usual). A higher score indicates a greater level of fatigue.



QOL Questionnaire

The QOL was assessed using a modified World Health Organization (WHO) QOL questionnaire (22, 23). The questionnaire comprised 26 items, providing an integrated measurement of an individual's QOL based on the following factors: physical health (PHYS), psychological health (PSYCH), social relationships (SOCIL), living environment (ENVIR), and subjects' self-evaluation of their QOL and health status (Q1 and Q2). Each item in the questionnaire provided a score ranging from 1 to 5. The scores of Q3, Q4, and Q26 were taken inversely (the new score was the difference between 6 and the original score) since the higher original scores were associated with lower QOL. The formula for the QOL score calculation was listed as follows: PHYS = 4 × [(6–Q3) + (6–Q4)+Q10+Q15+Q16+Q17+Q18]/7; PSYCH = 4 × [Q5+Q6+Q7+Q11+Q19+(6–Q26)]/6; SOCIL = 4 × (Q20+Q21+Q22)/3; ENVIR = 4 × (Q8+Q9+Q12+Q13+Q14+Q23+Q24+Q25)/8; QOL score = (Q1+Q2+PHYS+PSYCH+SOCIL+ENVIR-4) × (100/16).



SLQ Questionnaire

The SLQ questionnaire was previously developed to evaluate the quality of sexual life of the subjects (24). The original 10 item scores (ranging from −4 to +4 in value) were converted to a 0 to 8 scale score by adding 4 to each recorded response. The 0 to 8 scale score was converted to a standardized score by dividing that score by 8 and multiplying the result by 100. The SLQ scale score for a respondent was computed as the mean of the 10 standardized item scores.



Biochemical Analysis

Blood ammonia, glucose, free fatty acid, creatine kinase, C-reactive protein, lactic acid, estradiol (only for females), and testosterone (only for males) were determined using commercially available kits according to the manufacturer's instructions (Jiancheng, Nanjing, China). The levels of alanine aminotransferase (ALT), aspartate transaminase (AST), gamma-glutamyl transferase (GGT), and blood urea nitrogen (BUN) were determined by using commercially available colorimetric detection kits (Jiancheng, Nanjing, China).



Sample Size Calculation

The sample size was chosen based on a significance level of 0.016 (0.05 after adjustment for three multiple comparisons), 80% power, and expected proportions of respondents of 0.5 and 0.8 for the placebo and intervention groups, respectively. Sixty-three participants for each group would yield 53 completed participants assuming a 15% dropout rate. A total of 190 subjects were enrolled to ensure at least 159 subjects that completed the study.



Statistical Analysis

Statistical analyses were performed using SAS 9.4 (SAS Institute Inc., Cary, NC, USA). All statistical tests of the hypotheses were two-sided and were performed at the 0.05 significance level. Mean and standard deviations were summarized for normally distributed continuous variables; medians were provided for non-normal variables, and frequencies and percentages were provided for categorical variables. Evaluations of product effect were performed using chi-squared tests or analysis of covariance (ANCOVA) followed by pairwise group comparisons for the variables with significant group differences.




RESULTS


Characteristics of Subjects

Summary statistics of baseline subject characteristics are shown in Table 1. No significant differences were observed at baseline among groups in demographic data, including gender, age, body weight, height, body mass index, body temperature, and blood pressure. Subjects' compliance was monitored and verified by the number of unused products returned to the study site. All 175 subjects who completed the study consumed all assigned products.


Table 1. Baseline characteristics of subjects who completed the study.
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CFS Assessment

The frequency and percentage of subjects with remission or relieved CFS as well as the total numbers of effective cases after intervention are shown in Table 2. Nine (15.5%) subjects in the low-dose group had significantly improved CFS; 11 (18.6%) subjects improved in the high-dose group compared to 0% in the placebo group. Partial relief of symptoms was observed in 33 subjects or 56.9%, 37 subjects or 62.7%, and 16 subjects or 27.6% in the low-dose, high-dose, and placebo groups, respectively. These findings led to an overall effectiveness of 72.4% in the low-dose group and 81.4% in the high-dose group (P < 0.001) compared to 27.6% in the placebo group. The effectiveness of the product was not different between genders. Among all eight individual symptoms, impaired memory or concentration, muscle pain, unrefreshing sleep, and post-exertional malaise were significantly (P < 0.001) relieved in the subjects of the low-dose and high-dose groups compared to those in the placebo group after product intervention (Supplementary Table 1).


Table 2. Summary of the change of symptoms of chronic fatigue syndrome (CFS).
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Chalder Fatigue Questionnaire

The score of each question in the 11-item Chalder fatigue questionnaire and the total physical and mental fatigue scores are summarized in Table 3. After 60 days of product intervention, both low-dose and high-dose groups had significantly lower fatigue scores compared to the placebo group for all physical and mental fatigue questions (P < 0.001). Significant differences were also observed for the low-dose group vs. the high-dose group in total physical fatigue score (P < 0.01) and Q3-sleepy or drowsy feeling score (P < 0.01), suggesting a superior effectiveness of the high-dose treatment. The changes in the scores were comparable between males and females.


Table 3. Changes in the scores of Chalder fatigue questionnaire.
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QOL and SLQ Questionnaires

The individual and area (PHYS, PSYCH, SOCIL, and ENVIR) scores of the QOL questionnaire are shown in Table 4. After 60 days of product intervention, a significant group difference was observed in Q1-overall rating of quality of life and Q2-overall satisfaction of health; in Q3, 10, 16, and 17 under the PHYS area as well as the area score; in Q7 and 26 under the PSYCH area, and Q21 under the SOCIL area.


Table 4. Changes in the scores of quality of life (QOL) questionnaire.
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The individual and scale scores of the SLQ questionnaire with stratification by gender are shown in Table 5. For male subjects, there were significant group differences in all 10 items and scale scores after the product intervention. For female subjects, significant group differences were observed in all items except ease of insertion and partner's overall pleasure of intercourse.


Table 5. Changes in the scores of sexual life quality (SLQ) questionnaire.
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Blood Biomarkers

The concentrations of blood biomarkers were comparable at baseline (Table 6). After the product intervention, both the low-dose and high-dose groups had significantly lower blood ammonia (P < 0.01 and P < 0.05, respectively) and blood lactic acid concentration (P < 0.05 and P < 0.01, respectively) than the placebo group. The intervention of the product led to a trend of increasing testosterone, although the difference did not reach statistical significance (P = 0.0743).


Table 6. Group differences in blood biomarkers.
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Logistic regression was used to evaluate the effect of the changes in blood biomarkers on the remission and relief of CFS symptoms (overall effectiveness). The results are shown in Table 7. The changes in blood glucose and lactic acid concentrations were significantly associated with the severity of CFS symptoms in both univariate analysis (P = 0.0058 and 0.0061, respectively) and multivariate analysis (OR = 3.062 and 0.334, respectively; P = 0.0075 and 0.0108, respectively). This indicates that the odds of ameliorating CFS tripled with one unit increase of blood glucose but were threefold less with one unit increase of circulating lactic acid concentration. Pearson correlation analysis and significance tests were further used to evaluate the correlation between the changes in blood biomarkers and the changes in the Chalder fatigue questionnaire scores (Supplementary Table 2). The change in blood lactic acid concentration was significantly correlated with the total physical fatigue score (R = 0.1639, P = 0.0302), Q1-problems of tiredness (R = 0.1886, P = 0.0166), and Q2-need to rest more (R = 0.2254, P = 0.0027). Despite the statistically significant P-values, the correlation coefficients showed a low linear relationship (R <0.30), suggesting a weak strength of the association. Therefore, caution needs to be imposed in interpreting the data, and the clinical significance of this formula warrants further evaluation in a clinical trial with expanded sample size and extended follow-up duration.


Table 7. Univariate and multivariate associations between product effectiveness and the changes in blood biomarkers.
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Product Safety Evaluation

ALT, AST, GGT, and BUN were analyzed as liver and kidney function safety biomarkers. All subjects had normal levels of ALT, AST, GGT, and BUN at initial enrollment. Table 8 shows the summary statistics of liver and kidney function biomarkers for the 175 subjects who completed the study and had measurements through the course of intervention. All biomarkers were within normal ranges for all subjects, and no significant difference among study groups was observed among the three groups throughout the study.


Table 8. Summary of liver and kidney function biomarkers.
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Among all subjects, seven (3.68%) mild adverse events were reported, including upper respiratory tract infection (n = 3), diarrhea (n = 1), elevated BUN concentration at Day 30 (n = 2), and elevated ALT and AST (n = 1). However, none of these adverse events were related to the study products. No severe adverse events were reported in this study.




DISCUSSION

The etiology of CFS is still unknown; therefore, the diagnosis of CFS is assessed in accordance with symptom-specific criteria (7). The CDC criteria (1994) are the most frequently used case definition for CFS (2). An updated report from the National Academy of Medicine published in 2015 officially classified CFS as a disease, and the diagnostic criteria were updated accordingly (25). However, since this report was released after the initiation and execution of the study, herein the CDC criteria were followed for enrolling CFS subjects. After the intervention of the product, there was a significantly higher effectiveness (remission and relief) rate in the product group compared to the placebo group. Among all eight mentioned symptoms described in the CDC criteria, impaired memory or concentration, muscle pain, unrefreshing sleep, and post-exertional malaise were significantly relieved in the subjects consuming the product. Multiple questionnaires have been previously employed to measure fatigue quantitatively (26), among which the Chalder fatigue questionnaire is the most widely used (20, 21). The 11-item Chalder fatigue questionnaire consists of two sections, one evaluating physical fatigue and the other evaluating mental fatigue, and both sections were included in the current study. These components of the questionnaire were validated by a study involving 361 CFS patients and 1,615 healthy individuals (21). This questionnaire has been shown to have high internal consistency, as indicated by a Cronbach alpha that ranged between 0.86–0.92 (20, 21, 27). One notable limitation of the Chalder fatigue questionnaire is ceiling effects, meaning that patients often record the maximum score on most of the 11 items, leaving no space to indicate a worsening of their fatigue symptoms (28) and making the reliability of the Likert scale questionable. Therefore, we employed a professional physician to validate the severity of CFS to verify the observation of deterioration. By using the Chalder fatigue questionnaire, we observed marginal but statistically significant improvement in the fatigue scores in the product group. However, such improvement may not be clinically meaningful, since according to the PACE trial, an efficacious treatment for CFS should present a difference of 2–4 using a Likert scale (29, 30), but the difference in our current study was <1. Such a small effect size might be due to the fluctuating nature of CFS and the limited time points used to assess CFS in the current study. Therefore, the efficacy of the product against CFS is promising but needs further validation.

QOL is an important outcome evaluated in the CFS research (7). In the currently used WHO-QOL questionnaire, 26 items are divided into four sections, PHYS, PSYCH, SOCIL, and ENVIR (22, 23). This botanical product improved four items (Q3, 10, 16, and 17) in PHYS, two items (Q7 and 26) in PSYCH, one item (Q21) in SOCIL, but no items in ENVIR. Among all the items, Q3 was related to muscle pain; Q7 was related to impaired memory or concentration, and Q16 was related to unrefreshing sleep. These data were consistent with those from the CFS assessment. Poor sleep quality is widely reported in patients with CFS (31), and nocturia has been associated with poor sleep quality (32, 33). In our study, we observed a significantly (P < 0.01) improved frequency of nocturia in the subjects of the product group (data not shown). The beneficial effect of this product on the nocturia was mainly attributed to the cistanche, a well-known kidney yang-tonifying herb of TCM (12, 34). Improving memory is an original health claim of the product. In the current study, we confirmed the beneficial effects on memory and concentration; these largely depended on the ginkgo (35, 36). Muscle pain was another improved symptom in this study, and this is the first report to show the protective effect of cistanche and ginkgo on muscle pain.

Considering the kidney yang-tonifying effect of cistanche, and that the kidney is a critical organ related with sexual function from the TCM perspective (37), we additionally collected an SLQ questionnaire in the current study. A difference between male and female subjects in SLQ questionnaire measurements was observed, i.e., for male subjects all items were improved, whilst female subjects failed on two items, the ease of insertion and partner's overall pleasure during intercourse. This interesting difference suggested that the combination of cistanche and gingko was possibly more effective for men, especially for erectile function. We further examined sex hormones and observed a trend of increase in testosterone after the intervention, but no significant difference was found for estradiol. These data were consistent with previously reported in vivo data showing that showed cistanche extract increased testosterone level and improved reproductive dysfunction in rats (38–41). Testosterone is a sex hormone that has been shown to regulate libido, bone mass, muscle mass and strength, and the production of sperm (42). The improved sexual behavior in the male subjects was positively associated with enhanced testosterone, indicating that the tested herbal mixture in the current study may improve the males' sexual capability by moderating the release of testosterone. However, more mechanistic studies are warranted to further validate this speculation. No reports concerning the effects of cistanche on estradiol are available at present.

Lactic acid is produced and accumulated in muscle under the conditions of high energy demand and insufficient oxygen supply (43). The accumulation of lactic acid is commonly observed in CFS subjects (44, 45). Cistanche and gingko extracts were reported to reduce the blood lactic acid levels in mice and rats (11). In the current RCT, the level of blood lactic acid in the high-dose group was 0.2 mmol/L less than that of placebo group (2.39 ± 0.33 vs. 2.59 ± 0.50 mmol/L), an 8% decrease at the end of the intervention. This degree of difference in circulating lactic acid was also observed in subjects involved in sustained handgrip exercise (30% voluntary contraction) for 120 s (rest 1.3 ± 0.29 mmol/L vs. exercise 1.5 ± 0.3 mmol/L) that caused significant fatigue (46). Furthermore, the change in lactic acid concentration was significantly associated with the effectiveness for CFS symptoms in both univariate and multivariate analyses. Pearson correlation and significance tests showed that the change in lactic acid concentration was significantly correlated with the total physical fatigue score as measured by the CFQ. All these data suggested that blood lactic acid could be a potential biomarker to predict the prognosis of CFS.

Ammonia is a waste product of nitrogen-containing compounds such as amino acids and nucleic acids (47). Circulating ammonia accumulation has a significant impact on fatigue due to its capability to disturb neuropsychological function (47) and reduce muscle contraction (48). In the current study, the blood ammonia level in the intervention group (high dose) was 5.5 μmol/L less than in the placebo group. Interestingly, an increase of 10–20 μg/dL (5.8–11.4 μmol/L) blood ammonia was observed in the subjects involved in cycling at 80–100% ventilatory threshold for 15 min, and such an increase led to the onset of fatigue (49).

The reactive oxygen species are known to contribute to fatigue of skeletal muscle through inhibiting calcium sensitivity and depressing force (50). Therefore, the removal of these reactive oxygen species may also alleviate the sensation of fatigue. Ginkgo extract contains flavonol glycosides and terpenoid lactones that are known as antioxidants with the ability to scavenge free radicals and balance the redox status (51). Cistanche contains various bioactive compounds such as phenylethanoid glycosides (e.g., echinacoside), flavonoids, lignin, and alkaloids that render cistanche as a potent antioxidant with the capability to improve mitochondrial function (52). Cistanche was found to enhance ATP generation capacity and mitochondrial electron transport in H9c2 cells (53). Since a functional electron transport chain is essential in preventing overproduction of pyruvate (54) by causing lactic acid accumulation (55), in the current study the decrease of blood lactic acid in the intervention group may be attributed to the cistanche and gingko supplementation.

One limitation of the current study is the deterministic nature of the formula, making it difficult to attribute the observed effects on CFS to any specific constituent; therefore, we cannot estimate the additional improvement that the combination provided in comparison to the individual active compounds (namely, cistanche or ginkgo). However, it is possible that the effects of the combination of cistanche and ginkgo were more potent than those using cistanche or ginkgo alone, since a matrix of compounds may generate synergistic effects (23, 56). Another gap in our knowledge is the specific bioactive compounds contributing to beneficial effects. Considering that cistanche and ginkgo are extracts that mimic whole herbal preparations, herbal extracts would be expected to be more efficacious than single phytochemicals, as exemplified by a report that tomatoes or tomato products showed more potent effects than lycopene in mitigating liver diseases (57, 58) and lung cancer (57, 59, 60). In addition, the assessment of CFS and quality of life was performed by subjective questionnaires instead of objective tests. The current study used the Chalder fatigue questionnaire that was developed to assess the extent and severity of fatigue in both clinical trials and epidemiological studies. The advantage of this questionnaire is that it provides a brief tool for measuring both physical and psychological fatigue with a straightforward answering system. Due to the fluctuating nature of the disease, assessment methods involved in the Chalder fatigue questionnaire may not reflect deterioration in CFS or treatment response when comparing respondents to healthy controls (31), and thus developing a CFS assessment tool with improved reliability is warranted for future studies. The current study employed an experienced physician to validate the severity of CFS based on the diagnostic criteria published by the U.S. CDC (2), and thus we are confident that the data reported in this study were reliable. Memory was assessed as the 11th question (Q11) in the Chalder fatigue questionnaire (Table 3) to help researchers differentiate between fatigue cases and the healthy population. According to Morriss et al. (61), reliability coefficients for Q11 have been high in the studies with CFS patients. Loge et al. (27) also reported high reliability of Q11 in occupational and general population research, with values ranging from 0.90 for the Likert scoring method and 0.83 for the binary scoring method, leading us to believe that the answer to Q11 is a reliable indicator of CFS patients' memory. Moreover, although the group mean differences were statistically significant, they seemed trivial. However, since we used pairwise group comparisons, the criteria for rejecting our hypothesis were stricter compared with Student's t-tests.

In conclusion, we carried out a randomized, double-blind, placebo-controlled study using a botanical product containing cistanche and ginkgo extracts and demonstrated that such a product exhibits promising effects in relieving the CFS symptoms and improving the scores of a series of quality of life measurements obtained via Chalder fatigue, QOL, and SLQ questionnaires. These findings suggest a botanical-based nutritional supplementation approach in mitigating CFS symptoms and improving quality of life. However, considering the above-mentioned limitations, studies with more comprehensive assessment tools, expanded sample size, and an extended follow-up period are warranted to validate the current findings.
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0.74 £ 0.52*
091 £0.34™
0.95 £ 0.22***

0.98 +0.568"*

High dose
(n =59

561 £ 2,39
0.66 + 0.58***
0.75 £0.54*

0.66 + 0.58™#
093031
0.71 £0.63*"
112 £0.49"
0.78 £ 0.46***
337 £1.07
0.71 £0.53**
0.88 +0.38""
0.93 +0.26""

0.85 +0.61**"

Product
effect
p-value

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

<0.0001

Data are mean = SD. Each question was rated by scores. Higher scores represent higher possibilty. For item Q11, a higher score represents better memory. Product effect was evaluated
by analysis of covariance (ANCOVA). Post-hoc test with Bonferroni adjustment was applied to variables with significent group difference for further pair-wise group comparison at day
60. ***P < 0.001 compared with placebo group, **P < 0.01 compared with low dose group. Numbers in bold indicate statistical significance.
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Baseline

Day 30

Day 60

Alarine Aminotransferase-ALT (U/L)
Aspartate Aminotransferase-AST (U/L)
Gamma Glutamyl Transferase-GGT (U/L)
Blood Urea Nitrogen-BUN (mmol/L)
Alanine Aminotransferase-ALT (U/L)
Aspartate Aminotransferase-AST (U/L)
Gamma Glutamyl Transferase-GGT (U/L)
Blood Urea Nitrogen-BUN (mmol/L)
Alanine Aminotransferase-ALT (U/L)
Aspartate Aminotransferase-AST (U/L)
Gamma Glutamy] Transferase-GGT (U/L)
Blood Urea Nitrogen-BUN (mmol/L)

Placebo

17.52+7.37
19.93 +3.99
20.97 +7.90
4.88+£1.02
17.78 + 6.68
20,08 +4.10
21.02+7.08
4.85+0.90
18.03 = 6.03
20.43 +4.91
2159722
4.83+0.85

Baseline

Low dose

17.98 £ 6.48
19.86 + 4.35
20.83 £ 7.76
4.80 £0.95
18.27 £ 6.13
19.93 +3.94
20.66 + 6.81
4.82 4087
18.08 + 5.50
20.49 +9.00
23.49 £9.00
4794083

High dose

17.78 £ 691
19.43 + 3.65
2047 £7.85
4.72 £0.79
18.05 £ 6.10
19.59 + 3.26
20.72 £7.26
481081

17.95 £ 553
19.38 + 4.33
21.21£697
477 £0.79

p-value

0.9224
0.8322
0.8473
0.5364
0.8911
0.8873
0.8794
0.8977
0.9842
0.5032
0.1880
0.8599

Date are mean  SD. Product effect was evaluated by ANCOVA. Post-hoc test with Bonferroni adjustment was applied to vriables with significant group difference for further pair-wise
group comparison at day 30 and day 60.
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Baseline Day 60 Product

effect
p-value

Placebo Low dose High dose Placebo Low dose High dose

(n="58) (n="58) (n =59 (n="58) (=58 (n="59
Blood ammonia 44.85+16.13 4514£1417  4599+1426 470541310 4153+ 1143% 41601175 0.0110
(mol/L)
Blood glucose (mmol/L) 481£054 474052 472060 476052 4814044 4.80 £ 051 03164
Free fatty acid (umol/l) ~ 565.3 % 161.4 5563+ 1656 55081531 54311848  65261£1494 52061591 0.8194
Creatine kinase (U/L) 94.62 +30.43 912443697  9639+3634 99483483  9484+£3399 98633161 0.4238
C-reactive protein 1.25 £ 1.46 131+ 1.44 1.04+093 130 £ 1.44 143 £1.43 123+ 1.43 0.9650
(mg/L)
Blood lactic acid 253:+0.45 250+038 251038 259+ 050 2.40 £0.43" 2394033 0.0059
(mmol/L)
Estradiol —female 321 256 28.1 381 33.2 36.7 07620
(pg/mi)
Testosterone—male 407 £1.50 434£1.19 405+ 1.16 387+ 1.18 451 +1.30 435£095 00743
(ng/mi)

Data are mean  SD. Product effect was evaluated by ANCOVA. Post-hoc test with Bonferroni adjustment was applied to variables with significant group difference for further pair-wise
group comparison at dey 60. *P < 0.05 and **P < 0.01 compared with plecebo group.
Estradiol concentration data was highly skewed. Median was reported and non-parametric method was used for group comparison. Numbers in bold indicate statistical significance.
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Covariates Univariate

OR (95% Cl)

Blood ammonia 1001 (0.984-1.019)
Blood glucose 3.021 (1.378-6.624)
Freefattyacid 1.0 (0.998-1.002)
Creatine kinase 1002 (0.988-1.017)
Crreactive protein 0846 (0.610-1.175)
Blood lactic acid 0318 (0.136-0.717)
Estradiol (female) 1001 (0.994-1.007)
Testosterone (male) 1.188 (0.801-1.764)

p-value

0.8654
0.0058
0.8537
0.7376
0.3173
0.0061
0.8276
0.3916

Multivariate

OR (95% Cl)

0.999 (0.980-1.018)
3.062 (1.349-6.951)
1.000 (0.998-1.002)
1.006 (0.991-1.021)
0825 (0.582-1.171)
0334 (0.144-0.776)

NA

N/A

p-value

0.9272
0.0075
0.8503
0.4467
0.2820
0.0108
N/A
N/A

Logistic regression was used to evaluate the associations between product effectiveness
(remission and refef) and the changes in blood biomerkers after the intervention. OR,
odds ratio; Cl, confidence interval: N/A, not applicable. Numbers in bold indicate

statistical significance.
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Baseline characteristics  Placebo  Lowdose  High dose p-value
(h=5) (1=58) (1=59)

Female () 29(500%) 31(83.4%) 31(525%) 0928
Gender and age strata 0.894
Female age 35-40 (n) 6(103%)  4(69%  5@5%  NA
Female age 41-60 (1) 23(307%) 27 (466%) 26(44.1%) NA
Male age 35-50 (1) 6(103%) 9(155%)  6(102%)  NA
Male age 51-60 (1) 23(307%) 18(31.0%) 22(37.2%) NA
Age (years) 50776 515+£75 505+£70 0737
Weight (kg) 660+ 11.0 64.6+90 655+108 0741
Height (cm) 166.4£7.4 1649+72 1654+82 0558
BMI (kg/m?) 23828 237+£26 289+29 0983
Body temperature (°C) 368+02 368+£02 868+03 0715

Systolic pressure (MmHg)  123.8+ 108 123.1 + 144 121.8+ 11.8 0.687
Diastolic pressure (nmHg) ~ 76561  76.1£82 740£92 0200

Data are number of patients (n), frequency (%) or mean + standard deviation (SD).
Group differences were evaluated using a chi-square test or one-way analysis of variance
(ANOVA). N/A, not applicable.
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