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Soy foods, isoflavones, and the health of postmenopausal women. 
Messina M. 
Abstract 
Over the past 2 decades, soy foods have been the subject of a vast amount of research, 
primarily because they are uniquely rich sources of isoflavones. Isoflavones are classified 
as both phytoestrogens and selective estrogen receptor modulators. The phytoestrogenic 
effects of isoflavones have led some to view soy foods and isoflavone supplements as 
alternatives to conventional hormone therapy. However, clinical research shows that 
isoflavones and estrogen exert differing effects on a variety of health outcomes. 
Nevertheless, there is substantial evidence that soy foods have the potential to address 
several conditions and diseases associated with the menopausal transition. For example, 
data suggest that soy foods can potentially reduce ischemic heart disease through multiple 
mechanisms. Soy protein directly lowers blood low-density lipoprotein-cholesterol 
concentrations, and the soybean is low in saturated fat and a source of both essential fatty 
acids, the omega-6 fatty acid linoleic acid and the omega-3 fatty acid alpha-linolenic acid. 
In addition, soflavones improve endothelial function and possibly slow the progression of 
subclinical atherosclerosis. Isoflavone supplements also consistently alleviate menopausal 
hot flashes provided they contain sufficient amounts of the predominant soybean 
isoflavone genistein. In contrast, the evidence that isoflavones reduce bone loss in 
postmenopausal women is unimpressive. Whether adult soy food intake reduces breast 
cancer risk is unclear. Considerable evidence suggests that for soy to reduce risk, 
consumption during childhood and/or adolescence is required. Although concerns have 
been raised that soy food consumption may be harmful to breast cancer patients, an 
analysis in 9514 breast cancer survivors who were followed for 7.4 y found that higher 
postdiagnosis soy intake was associated with a significant 25% reduction in tumor 
recurrence. In summary, the clinical and epidemiologic data indicate that adding soy foods 
to the diet can contribute to the health of postmenopausal women.  
  



Climacteric. 2016 Oct 6:1-11. 
Effects of phytoestrogens on bone mineral density during the menopause 
transition: a systematic review of randomized, controlled trials. 
Abdi F, Alimoradi Z, Haqi P, Mahdizad F. 
Abstract 
INTRODUCTION:  
Menopause is associated with increased bone resorption and decreased bone mineral 
density (BMD). Phytoestrogens are believed to prevent bone loss. This study reviewed 
relevant randomized, controlled trials to determine the effects of phytoestrogens on BMD 
in postmenopausal women. 
METHODS:  
In order to perform this systematic review, PubMed, Science Direct, Scopus, Cochrane 
Library, ISI Web of Knowledge, and ProQuest databases were searched for articles 
published during 2005-2016. The main keywords used during the searches were 
"phytoestrogen" and "bone mineral density" and "menopause". The Cochrane Risk of Bias 
Assessment Tool was used to evaluate the quality of the selected studies and to assess 
the risk of bias. 
RESULTS:  
A total of 23 eligible studies were included in this systematic review. Most selected studies 
used a double-blind, placebo-controlled design. In total, 3494 participants were enrolled in 
the selected trials. Different types of soy isoflavone extracts, including genistein extracts 
(either alone or in combination with daidzein), dietary products containing different 
amounts of phytoestrogens, and red clover extracts were used in the designed 
interventions. The duration of the interventions ranged from 7 weeks to 3 years. In most 
studies, the primary outcome was the efficacy of the designed intervention which was 
assessed through measuring whole body or regional BMD or bone mineral content, T-
scores, and biomarkers of bone metabolism. 
CONCLUSIONS:  
Isoflavones probably have beneficial effects on bone health in menopausal women. 
Nevertheless, there were controversial reports about changes in BMD. Supplementation 
with a phytoestrogen can probably prevent the reduction in BMD and maintain a healthy 
bone structure during menopause. 
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Genistein effects on quality of life and depression symptoms in osteopenic 
postmenopausal women: a 2-year randomized, double-blind, controlled study. 
Atteritano M, Mazzaferro S, Bitto A, Cannata ML, D'Anna R, Squadrito F, Macrì I, Frisina 
A, Frisina N, Bagnato G. 
Abstract 
SUMMARY:  
Postmenopausal estrogen decline is implicated in several age-related physical and 
psychological changes in women, including decreases in perceived quality of life. The 
phytoestrogen genistein at a dose of 54 mg daily in osteopenic postmenopausal women 
after 2 years implies an improvement on quality of life and depression symptoms. 
INTRODUCTION:  
Postmenopausal estrogen decline is implicated in several age-related physical and 
psychological changes in women, including decreases in perceived quality of life (QoL). A 
number of trials with hormone therapy showed beneficial effects of the intervention on 
quality of life parameters. However, because of known or suspected serious side effects of 
conventional hormone therapy, there is a need for alternatives. 
METHODS:  
We conducted a double-blind randomized placebo-controlled trial using the isoflavone 
genistein, 54 mg, or placebo for 2 years. In this trial, we recruited 262 postmenopausal 
women aged 49 to 67 years. 
RESULTS:  
At baseline, after 1 year, and at final visit, participants filled in the Short Form of 36 
questions (SF-36) and the Zung Self-rating Depression Scale (ZSDS). For the placebo 
group, scores on all dimensions of the SF-36 decreased after 1 and 2 years. The genistein 
group showed increases on all dimensions of the SF-36 at the end of the study. There 
were, however, statistically significant differences in changes of scores between the two 
intervention groups. For the ZSDS, similarly, significant differences were found between 
groups. 
CONCLUSION:  
In conclusion, the findings of this randomized trial showed that genistein improves quality 
of life (health status, life satisfaction, and depression) in osteopenic postmenopausal 
women. 
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A systematic review of non-hormonal treatments of vasomotor symptoms in 
climacteric and cancer patients. 
Drewe J, Bucher KA, Zahner C. 
Abstract 
The cardinal climacteric symptoms of hot flushes and night sweats affect 24-93% of all 
women during the physiological transition from reproductive to post-reproductive life. 
Though efficacious, hormonal therapy and partial oestrogenic compounds are linked to a 
significant increase in breast cancer. Non-hormonal treatments are thus greatly 
appreciated. This systematic review of published hormonal and non-hormonal treatments 
for climacteric, and breast and prostate cancer-associated hot flushes, examines clinical 
efficacy and therapy-related cancer risk modulation. A PubMed search included literature 
up to June 19, 2014 without limits for initial dates or language, with the search terms, (hot 
flush* OR hot flash*) AND (clinical trial* OR clinical stud*) AND (randomi* OR 
observational) NOT review). Retrieved references identified further papers. The focus was 
on hot flushes; other symptoms (night sweats, irritability, etc.) were not specifically 
screened. Included were some 610 clinical studies where a measured effect of the 
intervention, intensity and severity were documented, and where patients received 
treatment of pharmaceutical quality. Only 147 of these references described studies with 
alternative non-hormonal treatments in post-menopausal women and in breast and 
prostate cancer survivors; these results are presented in Additional file 1. The most 
effective hot flush treatment is oestrogenic hormones, or a combination of oestrogen and 
progestins, though benefits are partially outweighed by a significantly increased risk for 
breast cancer development. This review illustrates that certain non-hormonal treatments, 
including selective serotonin reuptake inhibitors, gabapentin/pregabalin, and Cimicifuga 
racemosa extracts, show a positive risk-benefit ratio. Key points. Several non-hormonal 
alternatives to hormonal therapy have been established and registered for the treatment of 
vasomotor climacteric symptoms in peri- and post-menopausal women.There are 
indications that non-hormonal treatments are useful alternatives in patients with a history 
of breast and prostate cancer. However, confirmation by larger clinical trials is required.  
  



Chin Med. 2013 Nov 1;8(1):20. doi: 10.1186/1749-8546-8-20. 
Efficacy of black cohosh (Cimicifuga racemosa L.) in treating early symptoms of 
menopause: a randomized clinical trial. 
Mohammad-Alizadeh-Charandabi S, Shahnazi M, Nahaee J, Bayatipayan S. 
Abstract 
BACKGROUND:  
This study aims to evaluate the efficacy of Black cohosh (Cimicifuga racemosa L.) in 
treating early menopausal symptoms. 
METHODS:  
This randomized, double-blind, placebo-controlled clinical trial was conducted on 84 early 
post-menopausal participants with Greene climacteric scale (GCS) scores of 15 to 42, who 
were referred to two public health care centers in Tehran, Iran, in 2011-2012. The 
participants were randomly allocated into treatment (6.5 mg of dried extract of Black 
cohosh roots daily) and control (placebo) groups with a ratio of 1:1. The participants took 
one tablet per day for 8 weeks. The GCS scores were recorded at baseline, and after 4 
and 8 weeks of treatment. Data analysis was carried out using a general linear model with 
repeated measures with SPSS software. The level of significance was set at P < 0.05. 
RESULTS:  
There was no loss to follow-up during the 8 weeks of treatment. The GCS total score 
(primary outcome) in the treatment group was significantly lower than that in the control 
group at both week 4 [adjusted mean difference: -7.8 (95% confidence interval: -11.1 to -
4.4)] and week 8 [-12.9 (-16.2 to -9.3)]. The treatment group showed significantly more 
improvement than the control group in all GCS subscale scores (vasomotor, psychiatric, 
physical, and sexual symptoms; secondary outcomes). The differences between the 
treatment and control groups at week 8 were significantly higher (P < 0.001) than those at 
week 4 in terms of the total scores and the vasomotor and psychiatric subscale scores. No 
side effects were reported. 
CONCLUSIONS:  
Black cohosh reduced the GCS total score and all GCS subscale scores (vasomotor, 
psychiatric, physical, and sexual symptoms) during 4 and 8 weeks of treatment. 
CLINICAL TRIAL REGISTRATION:  
This study was approved (Code 9061) by the Ethics Committee of Tabriz University of 
Medical Sciences and registered at the Iranian Registry of Clinical Trials with 
IRCT201107186709N4 on 15 January 2012. 
  



Gynecol Endocrinol. 2011 Oct;27(10):844-8. doi: 10.3109/09513590.2010.538097. Epub 
2011 Jan 13. 
Black cohosh (Cimicifuga racemosa) in tamoxifen-treated breast cancer patients 
with climacteric complaints - a prospective observational study. 
Rostock M, Fischer J, Mumm A, Stammwitz U, Saller R, Bartsch HH. 
Abstract 
OBJECTIVE:  
The antihormonal therapy of breast cancer patients with the antiestrogen tamoxifen often 
induces or aggravates menopausal complaints. As estrogen substitution is 
contraindicated, herbal alternatives, e.g. extracts of black cohosh are often used. 
DESIGN:  
A prospective observational study was carried out in 50 breast cancer patients with 
tamoxifen treatment. All patients had had surgery, most of them had undergone radiation 
therapy (87%) and approximately 50% had received chemotherapy. Every patient was 
treated with an isopropanolic extract of black cohosh (1-4 tablets, 2.5 mg) for 6 months. 
Patients recorded their complaints before therapy and after 1, 3, and 6 months of therapy 
using the menopause rating scale (MRS II). 
RESULTS:  
The reduction of the total MRS II score under black cohosh treatment from 17.6 to 13.6 
was statistically significant. Hot flashes, sweating, sleep problems, and anxiety improved, 
whereas urogenital and musculoskeletal complaints did not change. In all, 22 patients 
reported adverse events, none of which were linked with the study medication; 90% 
reported the tolerability of the black cohosh extract as very good or good. 
CONCLUSIONS:  
Black cohosh extract seems to be a reasonable treatment approach in tamoxifen treated 
breast cancer patients with predominantly psychovegetative symptoms. 
  



Phytother Res. 2011 Aug;25(8):1153-9. doi: 10.1002/ptr.3400. Epub 2011 Feb 3. 
A double-blind, placebo-controlled investigation of the effects of Passiflora 
incarnata (passionflower) herbal tea on subjective sleep quality. 
Ngan A, Conduit R. 
Abstract 
Passiflora incarnata is a traditional herbal sedative, anxiolytic and a popular sleep aid used 
for the treatment of sleep disturbance. Several controlled experiments have demonstrated 
enhanced sleep in laboratory animals, but clinical trials in humans are lacking. The aim of 
the present study was to investigate the efficacy of Passiflora incarnata herbal tea on 
human sleep, as measured using sleep diaries validated by polysomnography (PSG). This 
study featured a double-blind, placebo-controlled, repeated-measures design with a 
counterbalanced order of treatments (passionflower vs placebo tea), separated by a 
1 week 'washout' period. Forty-one participants (18-35 years) were exposed to each 
treatment for a week, whereby they consumed a cup of the tea and filled out a sleep diary 
for 7 days, and completed Spielberger's state-trait anxiety inventory on the seventh 
morning. Ten participants also underwent overnight PSG on the last night of each 
treatment period. Of six sleep-diary measures analysed, sleep quality showed a 
significantly better rating for passionflower compared with placebo (t(40) = 2.70, p < 0.01). 
These initial findings suggest that the consumption of a low dose of Passiflora incarnata, in 
the form of tea, yields short-term subjective sleep benefits for healthy adults with mild 
fluctuations in sleep quality. 
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Arch Biochem Biophys. 2016 Dec 1;611:113-119. doi: 10.1016/j.abb.2016.06.003. Epub 
2016 Jun 7. 
Zinc and skin biology. 
Ogawa Y, Kawamura T, Shimada S. 
Abstract 
Of all tissues, the skin has the third highest abundance of zinc in the body. In the skin, the 
zinc concentration is higher in the epidermis than in the dermis, owing to a zinc 
requirement for the active proliferation and differentiation of epidermal keratinocytes. Here 
we review the dynamics and functions of zinc in the skin as well as skin disorders 
associated with zinc deficiency, zinc finger domain-containing proteins, and zinc 
transporters. Among skin disorders associated with zinc deficiency, acrodermatitis 
enteropathica is a disorder caused by mutations in the ZIP4 transporter and subsequent 
zinc deficiency. The triad acrodermatitis enteropathica is characterized by alopecia, 
diarrhea, and skin lesions in acral, periorificial, and anogenital areas. We highlight the 
underlying mechanism of the development of acrodermatitis because of zinc deficiency by 
describing our new findings. We also discuss the accumulating evidence on zinc 
deficiency in alopecia and necrolytic migratory erythema, which is typically associated with 
glucagonomas. 
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Effec2veness of red clover in allevia2ng menopausal symptoms: a 12-week randomized, controlled trial 

F. Shakeri, S. Taavoni, A. Goushegir,H. Haghani 

Climateric Vol 18- 2015, Pages 568-573 , Published online: 24 Feb 2015 

Abstract 

Objec&ves Menopausal women are interested in alternaKve therapy to alleviate climacteric symptoms. This 
study aimed to invesKgate the effect of red clover on the severity of menopausal symptoms. 

Methods This randomized, placebo-controlled, clinical trial included 72 healthy postmenopausal women, 
who were randomly divided into intervenKon and placebo groups. Women in the intervenKon group received 
two capsules containing 40 mg dried leaves of red clover daily for 12 weeks, while those in the control group 
received two capsules containing 40 mg starch daily for 12 weeks. Outcome measures of this study were 
menopausal symptoms determined using the Menopause RaKng Scale (MRS) at baseline and at the end of 
the study. Sociodemographic data of the included women were collected using a quesKonnaire. 

Results No significant differences were observed between the two groups with respect to the demographic 
characterisKcs and menopausal symptoms before the intervenKon. At the end of the study, the total score on 
the MRS decreased from 20.41 to 10.08 in the intervenKon group and from 20.77 to 17.20 in the control 
group. This decrease in the total score was aZributed to the scores of vegetaKve somaKc and psychological 
categories of menopausal symptoms. Thus, a remarkable difference was observed in the severity of the 
menopausal symptoms (95% confidence interval, p = 0.0001). 

Conclusion These results indicated that, compared to placebo, dried leaves of red clover were more effecKve 
in reducing the severity of menopausal symptoms in postmenopausal women. 

………………………………………………………  

The effect of Hop (Humulus lupulus L.) on early menopausal symptoms and hot flashes: A randomized 
placebo-controlled trial 

Vida Aghamiri 1, Mojgan Mirghafourvand 2, Sakineh Mohammad-Alizadeh-Charandabi 3, Hossein Nazemiyeh 4 

Complement Ther Clin Pract,2016 May:23:130-5. 

Abstract 

Objec2ve: This study aimed to evaluate the efficacy of Hop on early menopausal symptoms and hot flashes. 

Methods: In this randomized controlled trial, 120 women were randomly allocated into two groups, receiving 
the Hop or placebo tablets for 12 weeks. Early menopausal symptoms were assessed using Greene scale and 
hot flashes were recorded in a diary before, and 4, 8 and 12 weeks ader intervenKon. 

Results: The mean Greene score was significantly lower in the Hop group than the placebo group at the end 
of weeks 4 (adjusted difference: -10.0, 95% confidence interval: -11.1--8.9), 8 (-18.6, -20.1--17.1) and 12 (-
23.4, -25.1--21.6). The number of hot flashes was significantly lower in the Hop group than the control group 
during the weeks 4 (-8.4, -9.8--7.1), 8 (-17.1, -14.9--19.3) and 12 (-23.8, -21.1--26.4). 

Conclusions: Hop effecKvely reduced the early menopausal symptoms. 

Clinical trial registra2on: This study was approved (code 91209) by the Ethic CommiZee of Tabriz university 
of Medical Sciences and registered at the Iranian registry of clinical trials, with IRCT 2013010110324N7 on 
April 2013. 

Keywords: Early menopausal symptoms; Hop (Humulus lupulus L.); Menopause; Randomized clinical trial. 
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As humans age, virtually all organ systems lose their full functional 
ability. Bone loss and cardiovascular compromise are common; 
and skin becomes thinner, drier, and less elastic. This decline 

in structure and function is tied to the cumulative e� ects of factors 
like time, photoaging, hormonal imbalances, environmental stressors, 
and metabolic slowing.1,2 In women, many deleterious organ system 
changes are emphasized during and after menopause, the natural 
end of menstruation due to ovarian failure, which occurs at a mean 
of 51.5 years of age in Western societies.3 The process of menopause 
causes signi� cant � uctuations followed by sustained declines in ovarian 
hormones. Decreases in the sex hormone estrogen have been linked to 
numerous physiologic e� ects, including vasomotor symptoms (VMS), 
an increased risk of cardiovascular disease, bone loss and increased risk 
of signi� cant osteoporosis, and changes to the skin.4 Management of 
declining estrogen levels through exogenous hormone supplementation 
has been shown to mitigate some of the e� ects of menopause; however, 
estrogen supplementation is associated with an increased risk for blood 
clots (including heart attacks and strokes), weight gain, and breast and 
endometrial cancers, and some women elect not to treat their menopause 
symptoms because of these associated risks. Therapeutic alternatives to 
estrogen supplementation with better risk pro� les may make clinical 

improvements and symptomatic relief more accessible for women in 
menopause or the post-menopausal period.5

 Flavonoids stand out as a potential alternative to exogenous estrogen 
supplements. Certain � avonoids are considered to be phytoestrogens, 
plant-produced compounds whose structural characteristics enable them 
to mimic the hormonal functions of endogenous estrogens. Derived 
from a wide range of plants, � avonoids are abundant polyphenolic 
compounds commonly associated with various health-promoting e� ects, 
including anti-in� ammatory, anti-cancer, and antioxidant activities. 
Iso� avones, which are a structural subgroup of � avonoids, are among the 
more biologically active phytoestrogens and exhibit selectivity to which 
estrogen receptors they bind, with a preference for estrogen receptor 
(ER) beta (ERβ) over ER alpha (ERα). Evidence suggests that the selective 
estrogenic activity of iso� avones may provide clinical improvements and 
symptomatic relief for patients with an estrogen de� cit, without the risk 
associated with typical estrogen supplementation.6

Genistein (5,7,4'-trihydroxyiso� avone), found in soybeans and other 
legumes, is an iso� avone that functions as a selective estrogen receptor 
modulator (SERM) with a preference for ERβ.6 By activating ERβ, genistein 
triggers several pathways that mitigate the e� ects of unopposed estrogen, 
such as by modulation of cell proliferation and apoptosis, which are 

OBJECTIVE: We sought to review the biology and clinical bene� ts of genistein, a plant-derived iso� avone with emphasis on perimenopausal 
and postmenopausal women. The focus is on assessing its impact on skin health and aesthetics as well as bone density and cardiovascular and 
metabolic functions. METHODS: This narrative review used PubMed to collect studies relating to the biology and clinical e� ects of genistein on 
postmenopausal signs and symptoms, including bone density loss, metabolic issues and symptoms, and skin aging. Articles were selected based 
on relevance to the scope of genistein's in� uence on estrogen receptors and their downstream e� ects. This review included in vitro, in vivo, animal, 
and human studies. RESULTS: According to the current literature, genistein demonstrates e�  cacy in mitigating menopausal signs and symptoms 
such as hot � ashes, bone density loss and rate of osteoporosis, and skin aging. It shows a protective e� ect against cardiovascular diseases by 
improving lipid pro� les, weight changes, and reducing low-density lipoprotein cholesterol. It also displays bene� ts in increasing bone mineral 
density but has not displayed the side e� ects commonly associated with estrogen replacement. Regarding skin health, genistein appears to 
enhance photoprotection, wound healing, elasticity, and hydration, inhibits skin cancer, and reduces wrinkles. CONCLUSION: Genistein acts as a 
selective estrogen receptor modulator (SERM) with bene� ts across a spectrum of menopausal signs and symptoms, presenting a viable alternative 
to estrogen replacement in perimenopausal and postmenopausal women. Its utility extends to improving cardiovascular health, bone density, 
and skin quality, making it a comprehensive treatment option for peri and postmenopausal women. KEYWORDS: Flavonoid, genistein, estrogen, 
hormone replacement therapy, skin health, treatment
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critical factors in estrogen-associated cancer 
development and progression.7,8 Currently, 
genistein is used clinically as the main 
ingredient of two medical foods indicated for 
osteoporosis.9 Genistein aglycone is available 
as prescription medical food in combination 
with vitamin D3 and zinc (Fosteum; Primus 
Pharmaceuticals) or in combination with 
phosphate, zinc, calcium, vitamins D3 and 
K2 (Fosteum Plus; Primus Pharmaceuticals). 
Medical foods are intended to provide a targeted 
nutrient-oriented therapeutic approach, must 
be administered under a physician’s supervision, 
and are available by prescription only for 
speci� c disease states.10,11 Evidence indicates 
that the e� ects of genistein-based medical 
foods are pleiotropic, and they may include 
protective health bene� ts in osteoporosis, 
obesity, diabetes mellitus, hyperlipidemia, 
and cardiovascular disease.12 Furthermore, as 
an antioxidant, genistein may protect against 
ultraviolet (UV)-induced skin damage, and it 
could also reduce the risk of diseases associated 
with oxidative stress, such as heart disease 
and cancer.7 Genistein also appears to improve 
skin elasticity and enhance collagen synthesis, 
showcasing its utility in mitigating the e� ects 
of skin aging.3 This review will focus on the 
therapeutic role of genistein in perimenopausal 
and postmenopausal women as an anti-aging 
and regenerative treatment through exploration 
of its potential applications, analysis of its 
proposed mechanisms of action, and narrative 
review of existing evidence on its clinical 
e�  cacy.

METHODS

A narrative literature review was conducted 
on PubMed to examine the e� ects of genistein 
on multiple organ systems, including the skin. 
This review was based on articles sourced 
through targeted searches using terms 
like "Genistein AND skin," "Genistein AND 
osteoporosis," "Genistein AND vasomotor 
symptoms," "Genistein AND metabolic issues," 
"Genistein AND prostate cancer," and "Genistein 
AND fertility." The search included articles 
pertaining to in vitro, in vivo, animal, and 
human studies. The review speci� cally excluded 
non-English articles and studies involving mixed 
iso� avones, focusing solely on studies discussing 
pure genistein. Further investigation into 
genistein's e� ects on the various organ systems 
was enhanced through citation tracking, 
additional PubMed searches, and consultations 
with experts.

Biochemistry of estrogen and 
genistein. Estrogen plays a complex role in 
regulating multiple organ systems such as 
the skeletal, cardiovascular, central nervous, 
and integumentary systems. Therefore, 
estrogen de� ciency secondary to menopause 
can have several negative consequences. 
E� ects across these organ systems can di� er, 
through estrogen’s various interactions with 
its receptors.13 Estrogen's e� ects are mediated 
through two receptors: ERα and ERβ.14 These 
receptors act as transcription factors when 
bound to estrogen, regulating targeted genes. 
ERβ, prevalent in adult human bone, skin, 
and in cells like the outer root sheath and 
epithelial matrix, contrasts with ERα, which 
is mainly found in the dermal papilla cells of 
hair follicles.14–17 The widespread distribution 
of estrogen receptors in the skin could bene� t 
greatly from estrogen replacement, if not for the 
signi� cant potential adverse e� ects associated 
with this treatment option, such as weight 
gain, breast cancer, endometrial cancer, and 
cardiovascular disease (Table 1).5,18–21

Genistein's molecular structure allows it to 
mimic estrogen, engaging estrogen receptors 
with signi� cant biological e� ects. It shows a 
strong preference for ERβ over ERα, with about 
30 times greater a�  nity. When bound to ERβ, 
genistein alters the conformation of helix 12 
in the receptor's active site to resemble an 
antagonist, despite its structural similarities 
to estradiol, the primary human estrogen. 
Functioning as a partial agonist for ERβ, 
genistein achieves 60 to 70 percent of estradiol's 

e�  cacy. This unique interaction with helix 12 
highlights genistein’s distinct in� uence on 
estrogenic activities, emphasizing its nuanced 
role (Table 2).3

Genistein exists primarily in two forms: 
glycosylated genistein and aglycone genistein, 
with the latter being crucial for biological 
studies due to its higher bioavailability. Once 
ingested, aglycone genistein is absorbed in the 
intestines, conjugates with glucuronic acid, and 
may be transported to the liver and secreted 
into the bile for further intestinal metabolism 
and reabsorption.22 Comparative studies show 
that aglycone genistein is absorbed more 
e� ectively than glycosylated genistein due to 
its lower molecular weight and less hydrophilic 
nature, making it a focal point for extensive 
research in both preclinical and clinical 
settings.23

Genistein for osteoporosis. Osteoporosis 
poses a signi� cant health issue for the aging 
population globally, especially postmenopausal 
women.24 Treatments such as hormone 
replacement therapy (HRT), bisphosphonates, 
calcitonin, and SERMs necessitate prolonged 
dosing schedules, provide limited symptom 
relief, and may have associated side e� ects.25

Soy protein consumption in postmenopausal 
women correlates with increased bone 
mineral density (BMD), and iso� avones 
such as genistein have promising e� ects in 
treating postmenopausal osteoporosis.26–28

Bone primarily contains ER-β receptors, which 
genistein binds to more e� ectively, potentially 
acting as an agonist to bene� t bone cells 
without harming the breast and uterus.29

Bone remodeling is an intricate process 
that involves osteoblasts, osteoclasts, and 
osteocytes, and is governed by several 
intracellular signaling pathways, notably the 
canonical Wnt/β-catenin pathway. This pathway 
is essential for the intracellular activities 
that promote osteoblast maturation and 
the formation of bone.30,31 During secondary 
osteoporosis, disruptions in the Wnt/β-catenin 
pathway can lead to decreased osteoblast 
di� erentiation and activity, alongside increased 
apoptosis of osteoblasts and osteocytes.32 An 
in vitro model showed genistein’s capabilities 
in promoting osteoblast proliferation and 
di� erentiation, while also inhibiting the 
formation and activity of osteoclasts.33 WNT10b 
is crucial in the Wnt canonical pathway, essential 
for promoting osteoblast formation. Genistein 

TABLE 1. E� ects of estrogen replacement therapy versus 
genistein
EFFECTS ESTROGEN GENISTEIN
Body Mass Index -/ 

Bone loss  

Breast cancer -/ 

Endometrial 
cancer -/ 

Heart disease -/ 

Hot � ashes  

TABLE 2. Relative binding a�  nity of genistein
COMPOUND ERα ERβ
17β-Estradiol 100 100
Raloxifene 69 16
Genistein 4 87
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signi� cantly increased Wnt10b expression at 
doses of 10, 50, 100, and 200μM, and enhanced 
protein and transcription factor levels in 
primary osteoblasts.31 This highlight’s genistein’s 
potential in� uence on the Wnt/β-catenin 
signaling pathway in osteocytes, stimulating 
Wnt10b, facilitating β-catenin's nuclear 
translocation, and reducing sclerostin, especially 
at doses of 200μM.31 Sclerostin is a protein 
found in osteocytes that functions to inhibit the 
Wnt pathway.31,34 Its downstream e� ects include 
suppressing the production of osteoblasts. By 
reducing levels of sclerostin, genistein assists in 
indirectly promoting osteoblast production.31

In vitro studies showcased genistein’s ability 
to inhibit osteoclast activity and induce their 
apoptosis through intracellular Ca2+ signaling 
pathways.35 It signi� cantly reduced osteoclast 
numbers in rat femoral tissues and showed 
strong inhibition of osteoclast-like cell formation 
in mouse marrow cultures. Genistein's inhibitory 
e� ects on osteoclasts, at 10^-5 M, were 
equal to that of 17 β-estradiol's (at 10^-8 M). 
Additionally, its e� ects were even more potent 
than other iso� avones and phytoestrogens.36,37

Genistein may also impact the osteoprotegerin 
(OPG)-receptor activator of nuclear factor 
κB ligand (RANKL) system. Changes in this 
system may underlie various metabolic bone 
disorders, including osteoporosis, as recent 
studies have suggested.38–41 OPG and RANKL 
are key components involved in regulating 
bone resorption.42,43 OPG is a part of the TNF 
receptor superfamily and is produced by 
osteoblasts, while RANKL is secreted by cells 
of the osteoblastic lineage.44 OPG acts as a 
decoy by binding to RANKL, preventing its 
interaction with RANKL. This binding stops 
osteoclast formation, activation, and survival, 
thus promoting bone formation.45 Serum levels 
of RANKL, OPG, and their ratio were assessed 
in postmenopausal women who were treated 
with genistein for 24 months. Participants 
received either genistein (n=198; 54mg/d) 
or placebo (n=191) and the genistein group 
showed signi� cantly lower RANKL levels and 
higher OPG levels compared to placebo, at both 
12 and 24 months. By 24 months, genistein 
also signi� cantly lowered the RANKL/OPG 
ratio compared to placebo. This reduction in 
RANKL/OPG ratio may contribute to genistein’s 
bene� cial impact on BMD.44,45 Genistein is 
the only known agent to collectively inhibit 
RANKL, stimulate Wnt-beta-catenin, and inhibit 

sclerostin.31

Bitto A et al25 compared genistein's 
e� ectiveness to common treatments like 
alendronate, raloxifene, and estradiol in 
ovariectomized rats (Table 3).46–49 Genistein, at 
10mg kg−1, outperformed these treatments 
in improving BMD and bone mineral content 
(BMC), demonstrating greater bone-building 
capabilities than alendronate, the mainstay 
of postmenopausal osteoporosis treatment. 
Genistein more e� ectively increased bone 
formation markers such as bone-alkaline 
phosphatase (b-ALP) and decreased bone 
resorption markers like collagen C-telopeptide 
(CTX). Histological analyses also indicated 
increased femoral fracture resistance and 
enhanced overall bone quality.

Morabito et al50 compared the e� ects of 
genistein and HRT (composed of estradiol 
combined with norethisterone acetate) on 
bone metabolism and BMD in postmenopausal 
women, � nding that both signi� cantly 
enhanced BMD in the femur and lumbar spine. 
Genistein's e� ect on bone resorption was 
measured through decreased urinary excretion 
of pyridinoline and deoxypyridinoline, markers 
of bone resorption. After 6 to 12 months of daily 
genistein (54mg/day) administration, there 
was a signi� cant decrease in excretion of these 
markers.47,50,51 Marini et al47 performed a similar 
trial that lasted 24 months, using genistein 
(54mg/day) in combination with vitamins D3 
and calcium. Results were comparable and 
showed genistein’s ability to raise femoral and 
lumbar spinal BMD, while reducing excretion 
of bone resorption markers in postmenopausal 
women.47 Additionally, 24 months of genistein 

treatment, at 54mg/day, did not pose a 
clinically signi� cant risk to the uterus.47,50 This 
reduction in bone loss, and lack of signi� cant 
consequences to the uterine lining, underscores 
genistein's potential as an e� ective treatment 
for bone loss in postmenopausal women.

Genistein for metabolic issues: fat 
accumulation and cardiovascular health. 
Menopause is closely tied to an elevation in 
body weight, accumulation of visceral fat, 
and changes in body fat distribution, which 
can increase the risk of metabolic issues 
such as insulin resistance, Type 2 diabetes, 
and hyperlipidemia, which may collectively 
potentiate cardiovascular issues.52 Genistein 
has been shown to possess cardioprotective 
e� ects that help reduce the progression of such 
complications.

Studies involving ovariectomized mice 
demonstrated genistein’s e� ects on dampening 
numerous postmenopausal metabolic 
symptoms such as weight gain, elevated build-
up of fat, insulin resistance, and worsening lipid 
pro� le.53,54 Genistein may also have promising 
utility in regulating the proliferation and 
migration of leptin, a peptide hormone involved 
in the maintenance of hunger and satiety.55

Its potential ability to modulate body fat 
mobilization through induction of adipose tissue 
apoptosis can provide another mechanism 
for mitigating elevations in postmenopausal 
adiposity.53,56,57

Genistein's ability to improve lipid pro� les 
plays a crucial role in reducing cardiovascular 
risk. In ovariectomized rats, it signi� cantly 
lowered serum cholesterol and triglyceride 
levels.54 Human studies demonstrated that 

TABLE 3. Osteoporosis treatments

TREATMENTS
HISTOLOGICAL SCORE: 

BONE QUALITY
FEMORAL BREAKING 

STRENGTH
SIDE EFFECTS

Estradiol 1.4 113 VTE, stroke, breast cancer, endometrial cancer†

Raloxifene 1.0 115
VTE, hot � ashes, arthralgia, insomnia, � u-like 
symptoms†

Alendronate 0.6 130
Atypical fractures, GI side e� ects, bone, joint, 
and muscle pain

Genistein 0.2 132 Nausea, upset stomach*
VTE: Cenous thromboembolism
†2017 guidelines from the American College of Physicians recommend against using raloxifene or HRT to treat 
osteoporosis in women
*In clinical trials, women who took genistein and those who took a placebo (calcium and vitamin D) had a similar 
incidence of stomach upset



48 JCAD  JOURNAL OF CLINICAL AND AESTHETIC DERMATOLOGY  October 2024 • Volume 17 • Number 10

R E V I E W

genistein, at 36mg/day, signi� cantly lowers 
LDL cholesterol and the LDL-HDL ratio.58,59

The LDL-HDL ratio represents the metric 
most strongly associated with a higher risk 
of cardiovascular disease among women.60

Additionally, genistein stabilized insulin levels 
by modifying membrane binding sites and was 
the only compound in the study that did not 
increase uterus weight, unlike coumestrol and 
zearalenone.61–66 In a randomized, double-blind, 
placebo-controlled study, 120 postmenopausal 
women with metabolic syndrome were treated 
with either 54mg of genistein daily or a placebo, 
for one year. After one year, those receiving 
genistein experienced signi� cant reductions in 
fasting glucose, fasting insulin, and systolic/
diastolic blood pressures, while no changes 
were observed in the placebo group. Genistein 
recipients also saw statistically signi� cant 
health improvements, including increased HDL 
and decreased LDL and triglycerides. There 
were no signi� cant di� erences in side e� ects 
or discontinuation rates between the genistein 
and placebo groups.67 54mg/day of genistein 
demonstrated its potential in comprehensively 
reducing the risk of developing Type 2 diabetes 
mellitus, while avoiding major side e� ects.68

Genistein for VMS. VMS can include hot 
� ashes which are characterized by sudden 
intense heat, sweating, and � ushing, and often 
linked to hormonal shifts such as estrogen 
de� ciency. Postmenopausal Asian women have 
low VMS prevalence, possibly due to their high 
soy diet. While estrogen supplementation is 
e� ective in treating these symptoms, it poses 
risks.20 A study administering 54mg/day of 
genistein for 12 months showed signi� cant 
reductions in daily hot � ashes by 22 percent, 
29 percent, and 24 percent after three, six, 
and 12 months, respectively.69 D'Anna et al20

strengthened these results in a larger study 
(n=389), noting a nearly 60-percent reduction 
in hot � ashes at the study’s conclusion, without 
signi� cant endometrial lining changes, 
highlighting genistein’s e�  cacy without the 
adverse e� ects associated with estrogen 
supplementation.

Genistein: skin e� ects. Menopause plays 
a substantial role in aging of the skin. Skin 
thinning, fragility, laxity, and delayed wound 
healing are all potential sequelae of ovarian 
failure and a subsequent decline in estrogen. 
Genistein has shown promise in treating these 
symptoms in addition to functioning as a 

protective factor against UV radiation and skin 
cancer. Due to its anti-in� ammatory, anti-
tumor, and estrogen-like e� ects, genistein can 
be useful in improving the quality, appearance, 
and health of the skin.

Genistein for UV protection. Exposure 
to ultraviolet (UV) rays, particularly UVB 
(280–320nm), can cause oxidative damage, 
leading to premature skin aging, sunburn, and 
skin cancer.70,71 UV exposure results in epidermal 
DNA damage, triggering an in� ammatory 
response marked by erythema, swelling, and 
increased cell proliferation, which can indicate 
the risk of photocarcinogenesis. This response is 
mediated by histamine and pro-in� ammatory 
prostaglandins, and is reliant on oxygen 
radicals, making it vulnerable to antioxidant 
intervention.72 Topical antioxidants are e� ective 
in protecting skin from UV-induced oxidative 
damage and have anti-in� ammatory properties 
that help address issues like photoaging and 
potentially skin cancer.3,73

Research has shown that genistein can 
reduce free radicals involved in skin aging 
and may protect against oxidative stress from 
UVB radiation.70 In mice, dietary genistein 
(250ppm) signi� cantly boosts the production 
of endogenous antioxidants like superoxide 
dismutase (SOD) and various forms of 
glutathione, particularly impacting the small 
intestine and skin.74 These antioxidants help 
maintain balanced reactive oxygen species 
(ROS) levels and mitigate cellular stress. An 
imbalance, with a higher oxidant/antioxidant 
ratio, can elevate ROS levels, causing oxidative 
stress that may damage DNA, proteins, and 
lipids, leading to premature aging.75

Nitric oxide (NO) is implicated in photoaging 
and plays a role in various in� ammatory skin 
conditions, making it a target for treatment.76–78

It has been noted that the inducible nitric oxide 
synthase (iNOS) isoform produces excess NO 
in response to UV light exposure.79 Genistein 
has been shown to reduce endothelial NOS 
(eNOS) and iNOS expression dose-dependently 
in cells pre-treated with hydrogen peroxide.80

Additionally, genistein e� ectively inhibits 
prostaglandin production in human cell cultures 
and skin, both under normal and UV-induced 
conditions, comparable to the antioxidant 
N-acetylcysteine. This supports the role of ROS 
in mediating UV radiation's e� ects, such as 
sunburn and immunosuppression.81

When administered before UV exposure, 

genistein (15mmol/L) inhibited the UV-
induced rise in cyclooxygenase-2 (COX-2) 
expression in human keratinocyte cultures, 
suggesting anti-in� ammatory properties.81,82

Additionally, 60 μM of genistein signi� cantly 
reduced COX-2 and increased expression of 
the Gadd45 gene in UVB-irradiated BJ-5ta 
cells (human skin � broblast cells preserved 
with human telomerase reverse transcriptase 
(hTERT)), which is known to activate in stressful 
conditions, such as ionizing radiation.83 Gadd45
is crucial for cell repair, acting as a stress sensor 
and in� uencing cell cycle arrest, DNA repair, 
and cell fate (survival or apoptosis).83–85 This 
evidence supports genistein's potential as a 
protective agent against photodamage.

Genistein for skin cancer prevention.
Skin cancer is the most common cancer 
globally. It is categorized into two main types: 
cutaneous melanoma and non-melanoma 
skin cancer (NMSC), which includes basal cell 
carcinoma (BCC) and squamous cell carcinoma 
(SCC). The development of skin cancer is 
in� uenced by various factors, such as ultraviolet 
radiation, tanning beds, genetic factors, 
and organ transplantation.86,87 Studies have 
proposed genistein as a promising candidate 
for skin cancer therapy, due to its antitumor, 
chemopreventative, and anti-in� ammatory 
capabilities.86,88,89

Genistein appears to inhibit DNA helicase 
and topoisomerase I and II, enzymes essential 
for DNA replication, and can arrest the cell cycle 
and induce apoptosis at critical points like G1 
to S and G2 to M, reducing cell growth.90,91 It 
is shown to also reduce tumor angiogenesis 
by inhibiting vascular endothelial growth and 
promoting breakdown of extracellular matrix 
(ECM) proteins.92,93 As a tyrosine kinase inhibitor, 
genistein may limit cancer cell proliferation 
and has anti-in� ammatory properties that 
enhance lymphocyte immunostimulatory 
e� ects.92,94 It boosts both non-speci� c and 
humoral immunity, thereby enhancing 
immune responses, and stimulates interleukin 
production, supporting its role in cancer 
chemoprevention.90,92,95

Cyclin D1, a nuclear protein encoded by the 
CCND1 gene, is vital for cell growth and tumor 
cell survival.96,97 It facilitates the transition from 
the G1 to S phase of the cell cycle and is often 
overexpressed in melanoma, enhancing tumor 
progression and proliferation due to abnormal 
degradation that increases its stability.97–99
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Reductions in p-16 and/or p-21 proteins can 
trigger melanoma by failing to e� ectively block 
Cyclin D1 activity.100 Genistein has been shown 
to reduce Cyclin D1 levels, leading to an arrest of 
the G2/M phase. In melanoma cells, low doses 
(25 and 50μM) of genistein increased Cyclin 
D1 expression, while higher doses (100μM) 
decreased it, leading to reduced cell growth and 
increased apoptosis.97

Studies showed that T-lymphokine-activated 
killer (T-LAK) cell-originated protein kinase 
(TOPK), a serine-threonine kinase, is crucial in 
skin cancer development. Both phosphorylated 
and total levels of TOPK are signi� cantly higher 
in human actinic keratosis (AK) and cutaneous 
SCC, compared to normal skin.88,101 This may 
suggest that inhibiting TOPK could be an 
e� ective strategy for treating skin cancer. Roh 
et al88 investigated the therapeutic e� ects 
of a genistein derivative, in a 1% topical 
formulation, on SCC caused by chronic solar-
simulated light (SSL).88 In mouse models, early 
treatment signi� cantly reduced chronic SSL-
induced SCC development and demonstrated 
therapeutic potential by e� ectively reducing 
tumor regrowth post-treatment.88,102

Genistein for wound healing and 
aberrant scar prevention. Perimenopausal 
and postmenopausal estrogen de� ciency can 
cause skin atrophy, increased dryness, reduced 
collagen and water content, diminished 
sebaceous secretion, and loss of elasticity. These 
changes are believed to impair wound healing.1

Delays in wound healing with age have also 
been linked to several other factors including 
reduced levels of transforming growth factor-
beta1 (TGF-β1) and vascular endothelial growth 
factor (VEGF), reduced collagen production, 
and increased elastase concentration.103–105

Studies have indicated that genistein may play 
a bene� cial role in this process by modulating 
TGF-β1 secretion from dermal � broblasts, 
enhancing healing.103,106,107

In addition to TGF-β1 secretion, � broblasts 
also induce collagen production which is vital 
for wound repair. Genistein’s impact on collagen 
production was assessed in human dermal 
� broblasts undergoing oxidative stress induced 
by t-butylhydroperoxide (t-BHP). t-BHP’s 
inhibitory e� ects on collagen production were 
counteracted at 1μM genistein, demonstrating 
a protective e� ect. The � ndings indicate that 
at dietary levels (1μM), genistein protects 
human dermal � broblasts against the reduction 

in collagen production triggered by oxidative 
stress.108 

To further assess genistein's impact on 
wound healing, mice were given a standard diet 
(control group) or one enriched with genistein 
at either 0.025% or 0.1%. After inducing skin 
wounds, daily measurements showed that 
the control group's wounds reduced in size 
by 20 percent within three days. In contrast, 
the 0.1% genistein group saw a 50 percent 
wound size reduction in the same timeframe, 
signi� cantly outperforming the control. 
Although the 0.025% genistein group initially 
showed a notable reduction on day one, its 
e� ects didn't signi� cantly di� er from the control 
thereafter. This indicates that a higher dose of 
genistein (0.1%) accelerates wound healing 
more e� ectively, suggesting a dose-dependent 
relationship.109

Ovariectomy hastens the aging process in 
skin, given that su�  cient levels of estrogen 
are necessary to maintain the skin's structural 
integrity and functional abilities. In skin 
samples from untreated ovariectomized 
rats, there was a reduction in TGF-β1, VEGF, 
MMP-2 and MMP-9, and TIMP-1 and TIMP-2, 
compared to control.110,111 In a study where 
ovariectomized rats were treated with genistein 
for six months (at doses of 1 and 10mg/kg/
day via subcutaneous injections), full-thickness 
incisional wounds were created to assess healing 
at 7 and 14 days. Genistein e� ectively improved 
wound healing by enhancing the remodeling 
and turnover of the ECM in these rats. Notably, 
at both 7- and 14-days post-incision, 1mg/
kg genistein demonstrated greater e�  cacy in 
enhancing various skin healing parameters 
compared to estradiol or raloxifene.111

The abnormal wound and scar tissue 
microenvironment, characterized by increased 
growth factors, drives � broblast changes and 
scar progression, leading to hypertrophic scars 
or keloids. Many of these growth factors utilize 
the tyrosine protein kinase (TPK) pathway 
to enhance cell growth, development, and 
di� erentiation.112–117 Genistein, which may 
function as a TPK inhibitor, was used to evaluate 
its e� ects on inhibiting cultured human 
hypertrophic scar � broblast (HSFB) proliferation 
and TPK signal transduction. Signi� cant 
di� erences were observed in both the 50μmol/l 
and 100μmol/l treatment groups compared to 
the control group at all time points (p<0.01), 
demonstrating a dose- and time-dependent 

relationship on HSFB proliferation. HSFB growth 
and proliferation, collagen synthesis, type I or III 
pre-collagen mRNA expression, and intracellular 
TPK activity were signi� cantly decreased at 
the 50μmol/l or 100μmol/l concentrations of 
genistein.118

Keloids arise from excessive connective 
tissue growth during abnormal wound healing, 
characterized by an imbalance between 
pro� brotic and anti� brotic cytokines that 
manage ECM synthesis and remodeling.119 

Central to this process are TGFβ isoforms 
and connective tissue growth factor (CTGF). 
TGFβ1 primarily promotes ECM synthesis and 
contraction, while CTGF extends collagen 
deposition, further perpetuating � brosis. 
Platelet derived growth factor (PDGF) also 
plays a role in this process as it is mitogenic 
and chemotactic for connective tissue cells 
and stimulates collagenase production 
and synthesis of ECM components, such as 
� bronectin and hyaluronic acid. There are 
several other mediators that play a role in keloid 
development through facilitating increased 
� broblast proliferation, apoptosis resistance, 
and in� ammation. Other growth factors and 
cytokines such as insulin-like growth factor-2 
(IGF-2) and prostaglandin E2 (PGE2), as well as 
key genes such as the tumor suppressor p53, 
cyclin-dependent kinase inhibitor CDKN1A 
(p21), and BCL2 family genes have all been 
implicated.120–124 In vitro, genistein exerted 
anti� brotic e� ects through suppression of CTGF 
mRNA and protein levels, modulation of p53, 
p21, and BCL2 family gene expression, all in a 
dose-dependent manner. Genistein, at 370µM, 
showed the greatest level of CTGF mRNA 
suppression.107

Genistein for skin aging, body fat, 
and aesthetics. The skin and body undergo 
noticeable changes with aging, especially after 
menopause due to their heavy dependence on 
estrogen. As menopause shifts body fat to the 
abdomen, thighs, and buttocks, wrinkles are 
potentiated through diminished supportive 
facial fat, e� ectively accelerating skin aging.3

Wrinkles, however, although in� uenced 
by environmental and hormonal factors, 
are ultimately caused by a reduction in skin 
elasticity, stemming from the degeneration 
of elastic � bers and the loss of connective 
tissue through the accumulation of collagen 
degradation products.125 During aging, changes 
occur in two types of collagen: type I, the main 



50 JCAD  JOURNAL OF CLINICAL AND AESTHETIC DERMATOLOGY  October 2024 • Volume 17 • Number 10

R E V I E W

collagen in adult skin, and type III, which is 
found throughout the body.126 A decrease in 
both collagen types and in the type III/I ratio 
within the dermis occurs with aging. Estrogen 
de� ciency can lead to a reduction in collagen 
by two percent, a reduction in skin elasticity by 
1.5 percent, and a reduction in skin thickness 
by approximately 1.13 percent annually after 
menopause.126,127 The � rst � ve years post-
menopause however can see up to a 30-percent 
reduction in type I and III skin collagen, a trend 
that mirrors the bone mass decline found in 
postmenopausal women. This reduction in 
collagen content and skin thickness is more 
closely linked to estrogen de� ciency than to 
chronological aging.128

Promising outcomes were demonstrated 
by genistein when tested in anti-aging 
cosmetic products. These involve improving 
skin elasticity, reducing photoaging, and 
mitigating the development of skin cancer. 
Creams infused with genistein have been 
e� ective in reducing wrinkles and improving 
skin dryness.129 Genistein’s ability to induce 
subcutaneous VEGF production and enhance 
TGF-β levels in the skin creates downstream 
e� ects that increase skin collagen thickness. 
Additionally, genistein counteracts matrix 
metalloproteinases (MMPs) by elevating tissue 
inhibitors of metalloproteinases (TIMP) protein 
levels, thereby reducing breakdown of collagen. 
Consequently, genistein may signi� cantly 
improve collagen thickness and slow the skin 
aging process.110,126

A topical anti-aging formulation (GEN), 
featuring genistein, vitamin E, vitamin B3, 
and ceramide, was developed to counteract 
menopausal skin e� ects. In a randomized, 
controlled trial with 50 postmenopausal 
women, 25 received the GEN product and 25 
a placebo cream, applied twice daily for six 
weeks. Results indicated that the GEN product 
signi� cantly improved skin hydration, reduced 
the appearance of pores, and diminished several 
wrinkling metrics compared to the placebo. 
This suggests that genistein could be e� ective 
in improving skin health and appearance in 
postmenopausal women.130 Additionally, 
a double-blind study with 26 middle-aged 
women tested the e� ects of genistein aglycone. 
Participants received either 40 mg of genistein 
aglycone daily or a placebo. The treatment 
group showed signi� cant improvements in 
� ne wrinkles and cheek skin elasticity after 

12 weeks, further supporting the bene� ts of 
genistein for skin health and appearance.131

Genistein in males. Prostate cancer 
accounts for 15 percent of all cancer diagnoses 
in men. The incidence of prostate cancer is 
lower in Asian countries, however, where soy 
intake is also higher. It has been observed 
that genistein accumulates in prostatic 
tissue and may be protective against the 
development of prostate cancer. One mouse 
model highlighted genistein’s protective e� ects 
against the development of prostate cancer. 
Mice were provided three di� erent diets: 
control, low-dose genistein (300mg/kg), and 
high-dose genistein (750mg/kg) and results 
of prostate cancer incidence were 70 percent, 
47 percent, and 32 percent, respectively.132 This 
indicated the possibility that higher dosages of 
genistein can reduce the risk of prostate cancer 
development. A recent meta-analysis supports 
previous studies showing that soy intake, and 
genistein intake speci� cally, are associated 
with a decreased risk of prostate cancer growth 
and development (p<0.001 and p=0.008, 
respectively).133 A case-control study in 
Japanese men looked at iso� avone consumption 
and assessed its association with prostate cancer 
risk. Individuals consuming the most genistein 
(≥2.5mg/day) versus the least (<1.1mg/day) 
had an odds ratio (OR) of 0.42, demonstrating a 
signi� cant linear trend (P<0.05).134 Additionally, 
another study assessed 100 Chinese men for 
prostate cancer and diagnosed 46 of them 
with prostate cancer. The median plasma 
concentration of genistein in patients without 
prostate cancer (728.6ng/mL) was signi� cantly 
higher compared to those with prostate 
cancer (513.0ng/mL) (P<0.05). That study’s 
multivariate analysis showed plasma genistein’s 
potential impact, alongside age and smoking 
history, in determining risk of prostate cancer.135

As the second most common cancer worldwide, 
it is crucial to identify potentially modi� able 
factors in the development of prostate cancer, 
and these results show promise n genistein’s 
utility as a preventative agent.

Nonetheless, as a phytoestrogen, it 
may be possible that genistein intake also 
has potentially deleterious e� ects on the 
reproductive health of males. A study on 
adult male rats exposed to genistein in utero, 
demonstrated a dose-dependent relationship 
between genistein and its negative impact 
on fertility. Epidydimal sperm counts were 

signi� cantly lower in the 20mg and 100mg 
groups, compared to control. Sperm counts in 
the 2mg group were not signi� cantly di� erent 
from control. Additionally, motile and viable 
sperm percentages were signi� cantly reduced 
in the 100mg group compared to controls. 
The 2mg and 20mg groups did not seem to 
signi� cantly impact motility and viability.136

Shi et al137 tested genistein’s impact on fertility 
in male mice by providing a low-dose (40mg/
kg) and high-dose (800mg/kg) genistein diet. 
The low-dose diet demonstrated improved 
testes weight, seminiferous tubule diameter, 
serum testosterone levels, and spermatogenesis. 
Conversely, the high-dose diet signi� cantly 
reduced body weight, testes weight, and 
testes size. This was strengthened by another 
study showing that high-dose (300mg/
kg genistein) can negatively impact antral 
follicular growth in mice.138 Interestingly, one 
mouse study demonstrated an improvement 
in fertility when treated with genistein, 
although a dose-response relationship was 
not found. Intraperitoneal administration 
of genistein occurred at varying dosages: 1, 
2, and 4mg/kg. Administration of genistein 
signi� cantly enhanced sperm count, motility, 
and viability. It also improved testosterone, 
LH, and FSH levels.139 These � ndings show the 
potentially detrimental e� ects of genistein 
exposure on the male reproductive system, 
particularly when exposure occurs in utero, but 
are likely attributed to the very high doses of 
genistein. Additionally, the studies included 
were performed on mice and rats with doses 
signi� cantly higher than human consumption 
levels.140

DISCUSSION
The sex hormone estrogen is critically 

involved in the regulation of key biological 
processes across the entire body, and a chronic 
estrogen de� ciency or imbalance is associated 
with an increased risk for the development 
of various pathologies, such as dyslipidemia, 
cardiovascular disease, VMS, osteoporosis, 
xerosis, dermal atrophy, poor wound healing, 
and cancer. Following menopause, women 
enter a state of chronic estrogen de� ciency 
and may experience a decline in quality of 
life because of the associated symptoms and/
or disease states. Some of the health risks 
of estrogen de� ciency may be mitigated by 
restoring a portion of normal estrogen activity, 
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which is conventionally accomplished with 
estrogen supplementation. However, the risks 
associated with estrogen supplementation, such 
as VTE and cancer, may contraindicate therapy 
or otherwise deter patients from pursuing 
treatment. An alternative therapeutic solution 
with a better risk pro� le would enable more 
patients to pursue and achieve symptomatic 
relief and forestall the development of estrogen 
osteoporotic women treated orally with 
genistein. Moreover, genistein outperforms 
alendronate and raloxifene in its ability to 
reduce osteoclastic markers.25 Its selective 
binding to ER-β, strongly expressed in human 
bone, particularly trabecular bone, underscores 
its role in bone formation and potential as 
a selective ER-β agonist for osteoporosis 
treatment.16,27,29,142

Genistein has shown signi� cant anti-
in� ammatory e� ects and enhanced DNA 
repair.83 This aligns with recent research 
displaying genistein's anti-in� ammatory 
and anticarcinogenic properties, including its 
ability to modulate COX-2 in various cellular 
systems and prevent UV-induced DNA damage 
in skin models. As UV damage is also a risk 
factor for skin cancer development, genistein’s 
anti-tumor properties may also play a role 
in reducing its incidence, a valuable function 
given the prevalence of skin cancer worldwide. 
A genistein derivative was found to reduce 
tumor growth and oncogenic expression, and 
a topical application of this derivative was 
protective against tumor regrowth.88 Genistein 
has also been found to promote cell growth 
at lower doses and induce apoptosis at higher 
doses, highlighting its potential as a therapeutic 
agent for malignant melanoma at appropriate 
dosages.97 The � ndings of studies investigating 
genistein and its derivatives further underscore 
its potential as a therapeutic agent, o� ering 
avenues for targeted interventions in skin cancer 
treatment.

Estrogen depletion during menopause 
contributes to skin atrophy, diminished collagen 
production, and impaired wound healing. 
However, genistein shows promise as an agent 
capable of ameliorating these e� ects. Genistein 
has demonstrated antioxidant properties 
through mitigation of the e� ects of oxidative 
stress and downregulation of proin� ammatory 
mediators, by which it contributes to improved 
wound healing.109 Additionally, genistein 
shows promise in inhibiting hypertrophic scar 

� broblast proliferation and modulating key 
genes implicated in keloid development.107 

The topical application and oral administration 
of genistein was shown to alleviate skin 
aging, reduce � ne wrinkles, and improve skin 
elasticity.130,131 These � ndings collectively 
underscore genistein's multifaceted 
mechanisms in promoting skin health and 
wound healing, suggesting its therapeutic 
utility in mitigating the e� ects of estrogen 
de� ciency, including aberrant wound healing 
processes and aging skin.

Limitations. The studies on genistein 
show very signi� cant promise however, one 
of the main limitations is that since genistein 
is not a drug, individual studies are using 
di� erent sources as well as di� erent amounts 
of genistein. Unless reproducible medical 
food grade sourcing is used, di� erent studies 
cannot necessarily be correlated to each other. 
There is also little data on the use of genistein 
in women taking hormonal supplements 
during menopause. Further studies should be 
conducted on this population with medical food 
grade dosing. Overall, future research should 
prioritize larger, long-term clinical trials with 
standardized dosages, and assess e�  cacy and 
side e� ects in diverse populations to further 
establish genistein’s role in clinical practice.

CONCLUSION
Genistein functions as a SERM and o� ers 

various health bene� ts, particularly for 
postmenopausal women. By mimicking 
estrogen, it can alleviate menopausal 
symptoms and conditions. This is strengthened 
by the availability of medical foods that 
improves upon genistein’s bioavailability 
and therapeutic e�  cacy in mitigating the  
downstream e� ects of estrogen de� ciency. 
Genistein aids in metabolic and cardiovascular 
health and is a potential alternative for 
estrogen supplementation, reducing the 
risks of obesity, diabetes, and cardiovascular 
disease. Furthermore, it bene� ts bone health 
by increasing density and lowering resorption, 
o� ering a safer osteoporosis treatment. It 
also promotes skin health by enhancing 
elasticity, reducing wrinkles, and improving 
wound healing, through collagen and elastin 
production, while also providing protection 
against UV damage and skin cancer. Genistein's 
therapeutic potential makes it a valuable 
supplement for postmenopausal women and 

may even support prostate cancer prevention 
in men. 
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Herbal medicines containing Passiflora species have been widely used to treat anxiety since ancient times. 'e species Passiflora
incarnata L. is included in many Pharmacopoeias, and it is the most used species in food, cosmetic, and pharmaceutical industries.
However, there are around 600 species of the genus Passiflora and probably other species that can be used safely. 'us, this article
was based on a search into the uses of the main species of the genus Passiflora with anxiolytic activity and its main secondary
metabolites and some pharmacological studies, patents, and registered products containing Passiflora. Furthermore, the Brazilian
Regulatory Health Agency Datavisa, Medicines and Healthcare Products Regulatory Agency of the United Kingdom, and the
European Medicines Agency websites were consulted. 'e results showed that Passiflora species have health benefits but clinical
trials are still scarce.'e complexity of Passiflora extracts creates challenges for the development of herbal medicines. P. incarnata
is the most studied species of the genus and the most used in natural anxiolytic herbal medicine formulations. However, there are
hundreds of Passiflora species potentially useful for medicinal and nutraceutical purposes that are still little explored.

1. Introduction

'e contemporaneous tense lifestyle is responsible for the
wide use of anxiolytic substances, mainly those of the ben-
zodiazepine group. 'is class of synthetic drugs is one of the
most prescribed antianxiety drugs in the world to treat stress
and anxiety. However, many risks are associated to their use,
such as dependence, abstinence syndrome, and the reduction
of motor reflexes. 'erefore, the use and acceptance of herbal
medicines and nutraceuticals for these purposes, including

Passiflora species, have been growing among doctors and
patients [1]. In vitro and in vivo studies are needed to establish
the bioequivalence of herbal formulations. In the case of
Passiflora formulations, the standardization can be based on
the potency in animal models, such as the open arm plus-
maze using rats or mice. After the isolation of the substances
responsible for the anxiolytic activity, the pharmaceutical
equivalence can be applied [2].

Many countries have laws regulating herbal medicinal
products. Germany, that is considered the world’s largest
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market for these products [3], defines herbal medicinal
products as “medicinal products that exclusively contain, as
active substances, one or more herbal substances, one or
more herbal preparations, or one or more such herbal
substances in combination with one or more such herbal
preparations, according to the German Drug Law [4].”
Estimates suggest that Germany spends more than 2 billion
dollars on herbal medicinal products each year [3].

'e Directive 2001/83/EC [5] and Directive 2004/24/EC
[6] of the European Parliament of the Council of the Eu-
ropean Union are codes for medicinal products and tradi-
tional herbal medicinal products for human use. 'e code
defines herbal medicinal products as any medicinal product
exclusively containing, as active ingredients, one or more
herbal substances (whole or fragmented plants) or herbal
preparations (tinctures, extracts, essential oils, etc). In the
same code, traditional herbal medicinal products have sim-
plified registration, because they can be used without pre-
scription or monitoring treatment and the products are not
harmful when used according to the instructions of the
manufacture. 'ey may be administered orally, topically, or
by inhalation. 'e pharmacological effects or efficacy are
based on long experience (at least 30 years, including at least
15 years within the European Community) but the safety of
the product must be ensured, and the quality must be verified
according to the European Pharmacopoeia monographs, or
those in the Pharmacopoeia of a Member State [7].

'e regulatory requirements for the registration of
herbal medicines in Brazil are similar to those in Europe. In
Brazil, these preparations are classified as herbal medicines if
they are obtained only from active raw vegetal material, of
which the efficacy and safety have been validated through
ethnopharmacological surveys, scientific and technical
documentation, or clinical evidence [8]. 'ese products may
be registered and marketed as traditional herbal medicine, if
evidence of their safe and effective use has been published in
scientific and technical literature, and there is evidence of
continuous safe use for a minimum period of thirty years.
Furthermore, they may not be used for any serious diseases;
they may not contain materials in toxic concentrations; and
they should not be administered by the ophthalmic or in-
travenous routes. 'e safety and efficacy of herbal medicines
are based on clinical evidence, and they are characterized by
consistent quality [9]. Any registrations or marketing au-
thorizations in other countries, and the reasons for refusal of
registration or marketing authorization must be stated [3].
Traditional herbal medicinal products are designed for use
without the supervision of a physician in terms of diagnosis,
prescription, or monitoring.

Arifin and coworkers [10] list and discuss several
challenges that impact the development of a herbal me-
dicinal product. Normally, the difficulties present in the
production of a herbal medicine are related to the isolation
of the active ingredient(s) and its pharmacological evidence,
safety, and therapeutic efficacy.'e complex nature of plants
creates difficulties, and consequently, there are challenges for
the development of herbal medicinal products, which is not
a quick and simple process. Plant species have various
phytochemicals with different characteristics, e.g.,

absorption, solubility that affect their bioavailability. Ad-
ditionally, there are the possible unknown toxic effects,
potential harmful interactions of herbal medicinal products
and the lack of pharmacokinetic parameters such as gas-
trointestinal absorption, protein binding, and plasma
clearance by the liver and kidneys, which are all important
challenges to overcome to be able to produce new medicines
frommedicinal plants. 'e quality of herbal products from a
technological point of view is ensured for the intermediate
and finished products, using adequate production planning,
appropriate production processes, and strict control of the
raw materials from the plant species used. All of these cares
must ultimately result in products with constant quality,
efficacy, and security.

'is article was based on a literature search into the
widespread use of the main species of the genus Passiflora
and their main secondary metabolites to treat anxiety. 'e
search covered pharmacological studies, patents, and reg-
istered products that were focused on the promising Bra-
zilian market. 'is report about Passiflora herbal medicinal
products comprises eight sections: Passiflora genus (Passi-
floraceae); chemical constituents; mechanism of anxiolytic
action; Passiflora extract: standardization and chemical
marker; pharmacology, pharmacokinetics and safety; pat-
ents and intellectual property in Brazil; registered medicines
containing Passiflora in Brazil; and patents and registered
products containing Passiflora outside Brazil.

2. Methods

Empirical searches were conducted via the databases
Scopus® (http://www.scopus.com) [11], Scirus (http://www.
scirus.com) [12], SciFinder® (http://scifinder.cas.org/) [13],
Google Scholar (https://scholar.google.com.br/) [14], as well
as periodicals using the following three keywords: ‘Passiflora
incarnata’, ‘Passiflora edulis’, and ‘Passiflora alata’. Other
keywords used with the genus Passiflora were extraction,
pharmacophores, ADMET, flavonoids, and formulation. A
search for clinical trials using the keywords ‘anxiety’ and
‘Passiflora’ were performed in the database ClinicalTrials.
gov (https://clinicaltrials.gov), of the National Institutes of
Health (NIH), an agency of the U.S. Department of Health
and Human Services [15]. All of the information about the
plants, their past and present therapeutic uses, and data
about marketing of herbal medicines in Brazil and outside
Brazil, including species of Passiflora in combination with
other active ingredients, were taken directly from selected
papers and searched in the following websites: the National
Institute of Industrial Property (Instituto Nacional de
Propriedade Industrial, INPI), https://gru.inpi.gov.br/pePI/
servlet/PatenteServletController [16]; National Health
Regulatory Agency (Agência Nacional de Vigilância
Sanitária, ANVISA), https://consultas.anvisa.gov.br/
#/medicamentos/, an agency of the Ministry of Health
[17]; Trade-Related Aspects of Intellectual Property Rights
(TRIPS Agreement) [18], the Brazilian Pharmacopoeia [19],
Medicines and Healthcare Products Regulatory Agency
(MHRA) of the United Kingdom [20], and European
Medicines Agency [21].
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'e graphs and tables were constructed using Excel 2013.

2.1. Passiflora Genus (Passifloraceae). According Muschner
and colleagues [22], the Passifloraceae family is divided into
two tribes: Paropsieae, with six genera, is found throughout
Europe, Africa, and Madagascar, and Passiflorieae, with 14
genera, is found in the Americas and in Europe. 'e genus
Passiflora, belonging to the Passifloraceae family, contains
approximately 530 species and 400 artificial hybrids [23] or,
according to other authors, more than 600 species
[22, 24, 25]. At least 140 are native to Brazil, and 70 of them
produce edible fruits. Brazil is the largest producer of
Passiflora fruits in the world, with a reported annual pro-
duction of 923,035t [26]. It is popularly known as passion
fruit in English and “maracujazeiro” in Portuguese [27, 28].
Besides the nutritional use of the fruits, the passion flower is
cultivated as an ornamental plant and used in the cosmetic
and pharmaceutical industries. 'e sedative properties of its
leaves and hypoglycemic activity of the flour produced from
the epicarp of the fruit have already been described [26, 29].
Species of Passiflora are rich in flavonoids, which have
anxiolytic activity, among other activities. P. incarnata L. is
the most widely studied species, due to its chemical com-
position and its pharmacological effects [30]. However,
biological activities similar to those described for P. incar-
nata have been reported for other Brazilian species of the
same genus, providing an alternative source for the for-
mulation of herbal medicines.

Despite the many different species of Passiflora, only two
are reported in the Brazilian Pharmacopoeia, 6th Edition
[19], Passiflora edulis Sims and Passiflora alata Curtis. In
Brazil, herbal medicines are prepared using the native
species P. alata, P. edulis f. flavicarpa [31], and the exotic P.
incarnata. P. incarnata is the most widely studied from a
pharmacological point of view and it is present in the official
pharmaceutical codes of different countries, including the
British Herbal Pharmacopoeia, the United States Homoe-
opathic Pharmacopoeia, the Homoeopathic Pharmacopoeia
of India, the Pharmacopoeia Helvetica, the Egyptian, French,
German and Swiss Pharmacopoeias, and the British Herbal
Compendium [27, 31, 32].

'ere have been numerous taxonomical, pharmaco-
logical, and toxicological studies on P. edulis and P. alata,
but for other species native to Brazil, although cataloged for
a long time, there is still a lack of studies on their potential
uses in food, cosmetics, and pharmaceuticals [32]. Different
activities have been reported for P. incarnata, especially in
the pharmaceutical field. 'ese include its action on the
central nervous system for the treatment of anxiety disorders
and neuropsychic symptoms of menopause, such as pain,
anxiety, sexual dysfunction, and sleep disorders.

2.2. Chemical Constituents. In phytochemical studies, some
papers have reported that the flavonoids and alkaloids of
Passifloramay be related to its anxiolytic properties [33–35].
Some variability of flavonoids may occur within this bo-
tanical genus throughout the year, and there are different
methods to increase the concentration of these metabolites

in the leaves [36]. 'e literature indicates that some species
of Passiflora have differences in their flavonoid C-glycosides
contents, and these differences are relevant to the charac-
terization of their specific origins. For example, isovitexin is
found in higher amounts in P. incarnata [33, 37], P. alata
[38], and P. edulis var. flavicarpa and P. edulis var. edulis
[38], although it was not detected in P. edulis var. edulis by
Zucolotto and colleagues [39]. Moreover, orientin and
vitexin are found in small amounts in the leaves of P.
incarnata, P. alata, and P. edulis [37–40]. Furthermore, iso-
orientin is one of the major flavonoids in P. incarnata and P.
edulis var. flavicarpa, but it is only detected in small con-
centrations in P. alata [37–39]. Additionally some C-gly-
cosides were identified in just one species, such as luteolin-6-
C-chinovoside and luteolin-6-C-fucoside in P. edulis [24, 33]
and 2″-xylosylvitexin in P. alata [33]. A comparative me-
tabolite profiling and fingerprinting of the genus Passiflora
leaves were reported using a multiplex approach of UPLC-
MS and NMR analyzed by chemometric tools [41]. 'in
layer chromatography can also be used in order to differ-
entiate species [42]. Recently, new components were isolated
and identified in the fruit peel of Passiflora edulis, including
five flavonoids [43, 44].

Based on studies that indicate the presence of flavonoids
in extracts of Passiflora and their pharmacological proper-
ties, a total flavonoid analysis has been proposed for the
preliminary evaluation of this plant species [42, 45–49].
Furthermore, the C-glycosylated flavonoid may represent a
particularly important chemical marker for the quality
control of herbal medicines, enabling the identification of
different species of Passiflora [46, 50, 51].

C-glycosylated flavonoids found in P. incarnata consist
mainly of a glucose group directly linked to the aromatic
nucleus only in positions 6 and 8 of the flavonoid core [52].
'e aqueous extract is phytochemically characterized by a
set of C-glycoside flavonoids such as vitexin (1), isovitexin
(2), schaftoside (3), isoschaftoside (4), orientin (5), iso-
orientin (6), and swertisin (7) [53, 54]. Moreover, the free
flavonoids apigenin (8), luteolin (9), quercetin (10),
kaempferol (11), and chrysin (12) are also found [33].
Figure 1 illustrates the chemical structures of the flavonoids
of P. incarnata.

'e alkaloids present in Passiflora are of the indole type
(β-carbolines), which are the second major known group of
alkaloids [54]. Some of them have value in medicine as
tranquilizers and for the treatment of hypertension [55]. P.
incarnata is the most widely studied species containing
alkaloids [24]. In studies carried out in the 1960s, harmine
(13), harmol (14), harmaline (15), harmalol (16), and harman
(17) were detected (Figure 2) [56]. Although the presence of
traces of these alkaloids was confirmed [24], they were
undetectable in most commercial materials [57]. Figure 2
shows the principal alkaloids mentioned above.

2.3. Mechanism of Anxiolytic Action. Events related to de-
pression and anxiety, among others in the central nervous
system, refer to the balance between chemical excitation and
inhibition [58]. One of the mechanisms involves the
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c-aminobutyric acid (GABA) system via binding to the
benzodiazepine-site of the GABA type A receptor (GABAA),
which can be modulated by allosteric agents, for example,
benzodiazepines, which promote the regulation of the
chloride flow through the ion channel complex [59]. 'e
possibility of elaborating or identifying new drugs with
chemical characteristics of benzodiazepines for the treat-
ment of anxiety led to the formulation of pharmacophoric
models, and the model designed by Cook is the reference in
this field of study. 'e pharmacophoric model designed by
Cook describes a lipophilic region, two hydrogen bond
donor sites (HB1 and HB2), and a hydrogen bond acceptor
site (A2) [59, 60]. 'ese characteristics are consistent with
the chemical structure of flavonoids, mainly the two hy-
drogen bond-donating sites that are related to ether oxygen
and a carbonyl group present in flavones, and the aromatic
rings A and B corresponding to the lipophilic regions L1 and
L2, respectively [61]. In order to elucidate some incon-
gruencies related to actions not predicted by this model in

the study of 6-methyl-3′-nitroflavone [62], a new pharma-
cophoric model was designed. In this newmodel, in addition
to the regions described by Cook’s model, there are two sites
classified as S1 and S2 relative to electrostatic interaction of
substituents in 6-position of flavone [61, 63]. Additional
studies revealed two new regions of steric repulsive around
the 4′- and 5′-regions of the B-ring [61, 64].

'e chemical constituents responsible for the anxiolytic
activity of Passiflora are not yet fully understood but the
majority of published works suggest that phenolic sub-
stances, especially the flavonoid class, are related to this
property [65–68]. 'e flavonoids identified in P. incarnata
(Figure 1) probably act according to the pharmacophoric
models described. 'e mechanism of action is probably
related to the modulation of the c-aminobutyric acid
(GABA) system, because Passiflora flavonoids are partial
agonists of GABAA receptors and inhibit the uptake of [3H]-
GABA into rat cortical synaptosomes [30, 67, 69, 70]. 'e
review article written by Wasowski and Marder [58]
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(1) Vitexin OH

OH O
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Figure 1: Flavonoids of Passiflora incarnata.
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Figure 2: Alkaloids of Passiflora incarnata.
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describes flavonoids as GABAA receptor ligands, including
apigenin and chrysin that bind to the benzodiazepine-
binding site of the GABAA receptor, exhibiting anxiolytic
activity, without evidencing sedation and muscle relaxant
effects [58, 71]. In vitro assays demonstrated that the fla-
vonoid chrysin (5,7-dihydroxyflavone) has affinity for the
benzodiazepine receptors and that it increases pentobarbi-
tal-induced hypnosis and reduces locomotor activity in mice
after intraperitoneal administration of 30.0mg/kg body
weight (bw) [57]. 'is is reinforced by studies that indicate
that the pre-administration of flumazenil, an antagonist of
GABAA receptor, attenuates the anxiolytic effects of pas-
sionflower like diazepam. However, this is possible not the
unique mechanism involved [30].

In one study, kaempferol exhibited a very low affinity for
the benzodiazepine-binding site and was devoid of anxio-
lytic actions by the intraperitoneal route [58]. However, in
another study to evaluate the anxiolytic activity of the fla-
vonols, kaempferol, quercetin, and myricetin, in the elevated
plus-maze after oral and intraperitoneal (i.p.) administration
in mice, only kaempferol and quercetin were active after oral
administration, although they were inactive via i.p. [72].

'e harman alkaloids found in P. incarnata which be-
long to the β-carboline class have different structural
characteristics that interact with benzodiazepine receptors.
'is class of alkaloids attracted the attention of Braestrup
and colleagues [73] during studies with endogenous ligands
for benzodiazepine receptors after the detection of β-car-
boline-3-carboxylic acid ethyl ester in normal human urine.
'is discovery was important because it was foreshadowing
the synthesis of several derivatives of β-carboline com-
pounds with important biological activity [74]. In addition,
research involving β-carboline compounds has led to con-
ceptual and experimental considerations, covering the role
of ligands in the GABAA receptor modulation process in a
spectrum that ranges from full agonists to full inverse ag-
onists [75]. Furthermore, β-carboline alkaloids are consis-
tent with the pharmacophoric model developed by Cook and
coworkers [59, 60], enabling the recognition of a hydrogen
bond acceptor (A2) site in the NH group, a hydrogen bond
donor (H1) in N(2) [75], in addition to the positions in C6
and C3 framed in the lipid domain (LDi) [76].

2.4. PassifloraExtract: StandardizationandChemicalMarker.
'e marketing of extracts obtained from plant drugs is
advantageous for the industry in several ways, as it reduces
the steps involved in the manufacturing of herbal medicine
products, it minimizes waste production, and it simplifies
analytical quality control. However, an important point for
evaluation is the standardization of this extract obtained
commercially. Standardization of raw plant materials can be
done by the chemical quantification of substances or class of
substances related to the therapeutic effects, or through the
presence of chemical marker substances of the species. 'e
most abundant substances in the leaves of this species belong
to the class of flavonoids, especially C-glycosides, which are
directly related to its pharmacological activities [24].

According to the current Brazilian regulations for herbal
medicines with simplified registration, Normative Rule no.
02 determines that the main chemical marker of the P.
incarnata extract is vitexin, which is considered to be the
active ingredient of its aqueous extract. 'e range of a daily
dosage varies from 30mg to 120mg of total flavonoids
expressed as vitexin in an herbal medicine made from
Passiflora [77]. According to the Assessment Report on P.
incarnata, elaborated by the European Medicines Agency
(EMA) that is affiliated to the European Union, the herbal
extract prepared with hydroalcohol solution or acetone
solution may contain at least 2.0% of flavonoids expressed as
vitexin, and the daily dose recommended corresponds in
most cases to about 20–30mg of total flavonoids [21]. 'e
Brazilian Pharmacopoeia does not contain any information
about the minimum flavonoid contents in extracts, but
British and French Pharmacopoeias recommend at least
1.5% of flavonoids expressed as vitexin [78].

'e continuous growing demand for plant derived
therapeutic molecules obtained in a sustainable and eco-
friendly manner favors biotechnological production leading
to the production of plants with increased levels of desirable
compounds with potential biological activity. Similarly, the
development of innovative extraction techniques to obtain
phytoconstituents that can be used in modern medicine is
another approach that must be taken into account. On this
point, accelerated solvent extraction can be used to obtain
extracts enriched in polyphenolic compounds from different
species of Passiflora sp. [38]. 'is extraction method offers
many advantages such as good reproducibility and shorter
extraction time, the possibility to adjust extraction tem-
perature, and purification of extracts online. Fierascu and
colleagues [79] suggest some techniques that may be
combined and applied in the development of products based
on Passiflora.

2.5. Pharmacology, Pharmacokinetics, and Safety.
Information on the absorption, distribution, metabolism,
elimination, and toxicity (ADMET) of a drug in the human
body is of great importance for the characterization of a drug
formulation regarding the treatment of a certain disease and
its safety for the patient [80, 81]. Knowledge of ADMET
properties is usual for synthetic drugs; however, when the
universe of substances present is expanded, such as in the
case of products from plant species, there is a reduced level
of information about these properties [80–82].

'e reasons for this gap are the complexity of a for-
mulation based on natural products, which generally in-
cludes a high number of substances in its composition that
can suffer qualitative and quantitative variation of these
constituents due to many factors, such as plant harvest and
climatic factors [80, 81]. Currently, it is possible to apply
standardized methods for the preparation of herbal medi-
cines with the chemical composition controlled. However,
the identification of the active substance is usually difficult,
and this fact can compromise the knowledge of the ADMET
properties in the body [80, 82].

'e Scientific World Journal 5



'e alternative to deal with these peculiarities related to
herbal medicines is the determination of ADMETproperties
of pure constituents of the formulation, through in vitro
tests, for example, Caco-2 cells, human liver microsomes,
and cultured human hepatocytes [80]. In this context, the
ADMETproperties of the flavonoids iso-orientin, isovitexin,
luteolin, apigenin, and kaempferol present in P. incarnata
have been described in the literature [80, 83, 84].

Absorption processes are evaluated by blood-brain
barrier (BBB) penetration and human intestinal absorption
(HIA) methods that demonstrated high absorption through
human intestine and side effects on absorption through BBB
for iso-orientin, isovitexin, and luteolin. Apigenin and
kaempferol showed positive values for both BBB and HIA
[80, 83, 85]. 'e importance of a substance crossing the BBB
is partially related to the required biological activity, and this
is based on structural and physicochemical characteristics,
such as lipophilicity, molecular size, desolvation potential,
pKa-to-charge ratio, and hydrogen bond [80, 86, 87].

In metabolic process, CYP450 is an isoenzyme that
metabolizes several substances, including, carcinogens, fatty
acids, bile acids, and steroids, which evidences its impor-
tance in the characterization of the metabolic properties of
various substances. Among the previously mentioned fla-
vonoids, only iso-orientin and isovitexin, have low CYP
inhibitory promiscuity. However, all of them were non-
substrate for all CYP450 substrates (2C9, 2D6), and most of
them inhibited most of the CYP450 inhibitors (2C9 and
2D6) [80, 83, 85]. 'e inhibition of CYP450 isoforms is
closely related to the metabolism of a substance and can lead
to increased toxicity [85]. Aspects related to toxicity were
measured based on biodegradability, Ames toxicity, and
carcinogenicity. In general, the toxicological profile of the
flavonoids indicates that they are not carcinogenic and, with
the exception of iso-orientin and isovitexin, demonstrated to
be negative for Ames toxicity [80, 83, 85].

Within a broader context, the flavonoids present in P.
incarnata have a good ADMET profile and, considering an
herbal formulation containing these substances, i.e., good
absorption, metabolism, distribution, elimination, and low
toxicity.

Given these premises, knowledge about pharmacoki-
netic parameters is an extremely important aspect for the
development of any oral formulation of Passiflora extracts.
'e water solubility of flavone molecules, such as for most of
the flavonoids, is limited, and it is 0.1 g/L for chrysin. Fla-
vonoid aglycones generally tend to have good membrane
permeability, whereas flavonoid glycosides have poor
membrane permeability, related to their ability to form
hydrogen bonds, and consequently, aglycones are absorbed
better and faster. Pure chrysin seems to be predominantly
absorbed by passive diffusion. All flavones, including those
with an unsubstituted B ring, are rapidly metabolized in the
small intestine and then supplemented with biotransforms
in the liver, while those that are not absorbed are affected by
the additional metabolism of bacterial enzymes in the colon.
'e prolonged metabolism of the first pass of flavonoids,
mainly by glucuronidation and sulfation, proved to be the
main reason for their low bioavailability. Glucuronidation of

flavones by UDP-glucuronosyltransferases (UGT) 1A1
represents together with sulfation by sulfotransferase
(SULT) 1A3 and 1A1 the most important metabolic pathway
of these natural molecules when ingested by humans.
Chrysin is predominantly glucuronidated by UGT1A1,
having preeminence over sulfation [88, 89].

General data of flavonoid excretion indicate that most of
these glucuronides are subject to biliary excretion, with little
urinary contribution. In the case of chrysin, only about 3% of
the dose administered is excreted through the kidneys.
However, most of the glucuronides tend to be pharmaco-
logically inactive, although notable exceptions are known
[88, 89].

'e third volume of the World Health Organization
monographs on selected medicinal plants contains the
monograph of P. incarnata [57]. In this monograph, ex-
perimental pharmacology studies related to central nervous
system depressant activity in mice are described. 'e
aqueous or hydroalcohol extracts (30–40% of ethanol) of the
aerial parts reduces spontaneous motor activity, increased
pentobarbital-induced sleeping time, and potentiated pen-
tobarbital-induced sleeping time after intraperitoneal or
intragastric administration. However, the aqueous extract
seems to be more active than the hydroalcohol extract, since
some activity is observed with the aqueous extract at
25.0mg/kg (bw), while hydroalcohol extracts only have
some activity at higher concentrations (50.0mg/kg or over)
[57].

'e aqueous extract is toxic to mice at 900.0mg/kg bw
i.p. and the oral median lethal dose (LD50) of a 30% ethanol
extract in mice was 37.0ml/kg bw [57]. Other nonclinical
information indicates that the acute and repeated dose
toxicity is low, and the LD50 of the hydroalcoholic extract in
mice and rats is higher than 15 g/kg orally and higher than
3 g/kg i.p. [21]. 'ere is no evidence of genotoxicity, but P.
incarnata is contraindicated during pregnancy because it
seems to stimulate uterine contractions in animal models. It
may cause drowsiness and therefore care is recommended
for activities that require attention. Some adverse events that
are very rare include hypersensitivity, ventricular tachy-
cardia, nausea, vomiting, drowsiness and prolonged QT
interval, thrombocytopenia, left ventricular failure, ven-
tricular fibrillation, hepatic function abnormal, arrhythmia,
tremor, agitation, and withdrawal syndrome. However, no
correlation of serious adverse events and P. incarnata intake
has been established. 'ere are no reports regarding safety
for nursingmothers and children, and the use of P. incarnata
in these cases should be monitored by a physician [21, 57].
Furthermore, the concomitant use of P. incarnata and
sedatives such as benzodiazepines, zolpidem or barbiturates,
alcohol, and clonidine is not recommended due to possible
pharmacokinetic interactions [90].

Clinical research studies involving the use of Passiflora to
treat anxiety were searched for in the ClinicalTrials.gov, a
database maintained by the National Institutes of Health
(NIH), which is an agency of the U.S. Department of Health
and Human Services [15].'is database registers private and
public clinical studies from throughout the world. 'ere are
six research studies registered that are listed in Table 1, all of
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them with the species P. incarnata. Four studies have been
concluded or terminated, and two are unknown. 'e results
concerning the effectiveness or the reasons for discontin-
uation were not informed. Only one of the studies was
conducted with monopreparations of Passiflora. 'e con-
comitant use of plant species in clinical trials makes it
difficult to attribute any effect specifically to P incarnata.

In the literature, there are few relevant clinical trials
available for monopreparations of P. incarnata to support its
use to treat anxiety, and the published studies should be
considered preliminary and only suggestive of its effec-
tiveness. 'e most complete study is described by Mori and
colleagues [91], which was evaluated by 'e Cochrane
Collaboration [92] and EMA [21]. According to these
evaluations, the multicentre double-blind study performed
in Japan over a 4-week period was adequately randomized,
and the Jadad score was 5. In the study, 63 patients received
P. incarnata extract (Passiflamin) and 71 patients received
mexazolam. 'e initial doses were 90mg of Passiflamin or
1.5mg ofmexazolam, which were further doubled. Although
mexazolam was more effective, the efficacy of Passiflamin
was significant to treat anxiety, tenseness, and irritation.

A small study with 36 patients with general anxiety over
a 28-day period demonstrated that the use of passionflower
extract (45 drops/day) is as effective as oxazepam (30mg/
day) [93]. 'e same research group evaluated the effect of P.
incarnata extract (60 drops) associated with clonidine
(0.8mg) in opiate addicts undergoing withdrawal [94]. In
the study with 65 patients, the authors concluded that the
daily administration of the combination over 14 days was
better than only clonidine at 0.8mg/day.

Movafegh and colleagues [95] conducted a clinical study
with 60 patients that were premedicated 90min before a
surgery. According to the numerical rating scale to assess
anxiety and sedation, the anxiety scores of the group that
received a 500mg tablet containing 1.01mg benzoflavone
was lower than the anxiety scores of the group that received
placebo, without inducing sedation. Another study

involving preoperative anxiety was conducted with 60 pa-
tients 30minutes before spinal anesthesia [96]. Patients
received 5mL of an aqueous solution containing 700mg of
an aqueous extract of P. incarnata containing 2.8mg ben-
zoflavone or 5mL of mineral water. A small difference was
observed between the two groups in the State Anxiety In-
ventory score, without sedation. Dantas and colleagues [97]
studied the effect of P. incarnata (pill containing 260mg) or
midazolam (pill containing 15mg) in forty volunteers for the
control of anxiety before undergoing bilateral extraction of
their mandibular third molar. Over 70% of the patients
reported that they felt quiet or a little anxious with both
treatments, and no significant differences were observed
between the groups. However, 20% of the participants re-
ported amnesia with midazolam. 'e authors found that P.
incarnata showed an anxiolytic effect similar to midazolam.

'e effect of P. incarnata on sleep quality was studied in
a double-blind study with 41 volunteers [98]. Over a 7-day
period, the volunteers received placebo (dried parsley in-
fusion) or a P. incarnata infusion prepared with teabags
containing 2 g of aerial parts and 250mL of boiling water
during 10min. 'e overnight polysomnography on the last
night of the treatment indicated a significant increase of
5.2% of the sleep quality, but no significant effect on total
sleep time and nocturnal awakenings.

It is important to highlight the lack of detail regarding
the composition of P. incarnata extracts or even the com-
position of the formulations. Nonclinical studies suggest that
aqueous extracts are more active than the 40% ethanol
extracts, which indicates that small variations in chemical
composition can be determinants in activity. 'e stan-
dardization of vegetable raw materials is of great importance
in this area. 'e complex chemical composition of Passiflora
extracts and the lack of knowledge of the pharmacological
activity of each component increase the challenges, due to
the difficulties in determining the most appropriate chemical
marker in the standardization of the extract and in stability
studies that any new studies should be directed to, for the

Table 1: List of clinical trials related to the use of Passiflora to treat anxiety registered in NIH.

Trial number Dosage
form Formulation NAME Stage Period

Reference
anxiolytic
AGENT

Status

NCT00794456 Tablet Pasalix: Passiflora incarnata L., Crataegus
oxyacantha L., Salix alba L. Phase 3 6 weeks

Valeriana
officinalis L.
(50mg)

Completed
Oct 2013

NCT01178632 Tablet Passiflorine: Passiflora incarnata L.,
Crataegus oxyacantha L., Salix alba L. Phase 3 4 weeks Valeriana

officinalis L. Unknown

NCT00944268 Liquid Passiflora incarnata L., Crataegus
oxyacantha L., Salix alba L. Phase 3 30 days None Unknown

NCT02065843 Capsules Passiflora incarnata L. 100mg Phase 2
phase 3

1 h before
dental
surgery

Midazolam
(15mg)

Completed
Sep 2014

NCT03909906 tablets
Euphytose®: 50mg Valeriana officinalis L.,

40mg Passiflora incarnata L., 10mg
Crataegus sp., 10mg Ballota nigra L.

Not
applicable 14 days None Completed

Dec 2019

NCT00997490 Film-coated
sugar-pill

Neurapas balance: hypericum, valerian,
passionflower Phase 3 6 weeks None Completed

Feb 2003
Source: https://www.clinicaltrials.gov/. Accessed on May 19, 2020.
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development of formulations containing Passiflora. Other
important considerations regarding the clinical trials pre-
sented here were previously mentioned by Miroddi and
colleagues [30] who reviewed ethnopharmacological and
clinical trials related to P. incarnata. 'e studies were
performed with a small number of participants, and some
studies had inadequate comparison between the placebo and
the medications recommended for anxiety and gave little
importance to the use of Passiflora found in some results.
'us, the clinical trials reported are pilot studies and are not
enough to recognize the medicinal use of P. incarnata as
being well-established. Moreover, the actual recommenda-
tions are still based on its long-standing use to relieve mild
symptoms of mental stress. 'us, P. incarnata and other
species of the genus offer a wide field for research that is still
little explored, which should involve interdisciplinary and
interinstitutional partnerships, covering the stages of phy-
tochemical studies for standardization and developments in
herbal medicines, along with nonclinical and clinical studies.

2.6. Patents and Intellectual Property in Brazil. 'e Agree-
ment on Trade-Related Aspects of Intellectual Property
Rights (TRIPS Agreement), of which Brazil is a signatory,
established the current standards of intellectual property
protection worldwide. It came into force on January 1, 1995
and is mandatory for all member countries of the World
Trade Organization [18]. 'e TRIPS Agreement establishes
minimum standards under international law related to
patents, including standards for drugs. 'e members of the
World Trade Organization (WTO) agreed on the develop-
ment and implementation of patenting laws according to
common patterns. 'ese models state, among other things
that patents should be granted for a minimum of twenty
years, that patents may be granted for products and pro-
cesses and that information for drug tests must be protected
against “unfair commercial use”.

In Brazil, the Law of Intellectual Property [99] excludes
from patentability all plants and animals, or parts thereof,
except for transgenic microorganisms with the requirements
of patentability (novelty, inventive step, and industrial ap-
plication) and those that do not constitute mere discoveries.
'us, Brazilian law does not allow the patenting of plant
extracts. However, processes for obtaining extracts or iso-
lated active ingredients from plants, pharmaceutical com-
positions and their methods of preparation, and other uses
of the same products obtained from plants, are patentable. In
this way, the growing herbal market aligned to government
policies to promote regularization of medicinal plants and
their derivatives [100], and the innovation for the devel-
opment of herbal medicines justifies the product patent
protection [101].

On that basis, the keyword <Passiflora> was selected as a
search term, to search in the website of the National Institute
of Industrial Property (Instituto Nacional de Propriedade
Industrial, INPI). 'e results returned a miscellany of food
products, cosmetics, packaging materials, manufacturing
processes for simple syrups for dietary use, herbal syrups,
and formulations containing bronchodilators, among

others. 'e results of twenty-eight patents are shown in
Table 2. Furthermore, there are recent patent files and they
are concerned with obtaining new extracts, production
processes, and analytical techniques.

2.7. Registered Products Containing Passiflora in Brazil.
In Brazil, sanitary control of medicinal plants and herbal
medicines is done through the “Agência Nacional de Vig-
ilância Sanitária” (ANVISA—National Health Regulatory
Agency), an agency of the Ministry of Health, which has the
role of ensuring the health safety of products and services
[102]. One of the actions taken by ANVISA to secure the
health of the population is drug registration, whereby new
drugs are evaluated for their safety, efficacy, and quality,
before being marketed for use by the population.

'e regulatory requirements for herbal medicines cover
a range of aspects, from the supplier of the active ingredients
through to the final product, produced under strict sanitary
standards. 'e Collegiate Board of Directors Resolution
(Resolução da Diretoria Colegiada, RDC) number 26 of May
13, 2014 provides for the registration and notification of
traditional herbal products and herbal medicines to register
with this agency [5].'eNormative Rule no 2 [77] published
on the same date presents the lists of herbal medicines and
traditional herbal products with simplified registration.
Resolution RDC number 38 of June 18, 2014 [103] and
resolution RDC 235 of June 20, 2018 [8] regulate adjust-
ments, changes, extensions, updates, additions, and post-
registration notifications of herbal medicines and traditional
herbal products. Resolution RDC number 66 of November
26, 2014 establishes the information which has to be shown
on the package leaflet of the traditional herbal product [104].
Resolution RDC number 105 of August 31, 2016 requires the
presentation of the pesticide residue analysis reports or
proof that the medicinal plants cultivated or collected in
Brazil come from organic agriculture [105]. According to
Resolution RDC 26/2014, both traditional herbal products
and herbal medicines must be obtained exclusively from
active raw material from plants and cannot include, in their
composition, isolated or highly purified active substances
[9].With technical and legal support in Brazil, it is possible to
develop an innovative herbal medicine with simplified
registration.

In Brazil, registration with the competent health regu-
latory agency is required in order to market herbal medi-
cines. Table 3 shows the products and formulations
registered on the Datavisa ANVISA website, including
species of Passiflora in combination with other active in-
gredients. 'e search has included products registered since
1985 since ANVISA does not remove any product from the
list in order to maintain the historical record, even after their
expired registration. 'e list includes both regular and
revalidated products and those for which registration was
canceled or has expired. Although 86 products containing
Passiflora are registered with ANVISA (Table 3), only 34
medicines are currently valid in Brazil (Figure 3).

'e pharmaceutical forms widely marketed and used are
capsules, tablets, fluid extract, and tincture, besides infusion,
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Table 2: List of patents in Brazil related to Passiflora.

Publication
number Date Title

BR 10 2017 027632
5

Dec 20,
2017 Extract and flour of the peel fruit of Passiflora cincinnata Mast. (Passifloraceae) for use as hipolipment

BR 10 2017 020281
0

Sep 22,
2017

Preparation of functional goat yogurt with passion fruit (Passiflora edulis Sims) and mandacaru (Cereus
jamacaru DC.) jam

BR 10 2017 020087
6

Sep 20,
2017

Preparation and processing of extra jam with passion flower (Passiflora edulis Sims) and mandacaru
(Cereus jamacaru DC.) flavor

BR 10 2017 010267
0

May 16,
2017 Food supplement based on fruits from Caatinga

BR 10 2017 001368
5

Jan 23,
2017

Antimicrobial potential of extracts from exotic fruit waste (tamarind (Tamarindus indica L.), grenadilla
(Passiflora ligularis Juss.), noni (Morinda citrifolia L.), dekopon (Citrus reticulata ‘Blanco shiranui’),
sapoti (Manilkara zapota (L.) P. Royen), tamarillo (Solanum betaceum Cav.), and mirtilo (Vaccinium

myrtillus L.)
BR 10 2016 022442
0

Nov 28,
2016

Formulation and production of symbiotic fermented dairy produced with flaxseed (Linum usitatissimum
L.) and/or waste from the processing of yellow passion fruit (Passiflora edulis var. flavicarpa Deg.)

BR 10 2016 014976
2

Jun 24,
2016

Sequential extraction process of bioactive compounds from passion fruit bagasse and the use of its
bioactive compounds

BR 10 2015 032464
2

Dec 15,
2015 Formulation for topical use for photoprotection containing Passiflora cincinnata Mast.

BR 11 2017 015446
3

Dec 10,
2015 Homoeopathic method for treating colic, intestinal gases, and malaise in children

BR 10 2015 006517
5

Mar 24,
2015

Mixed flour; sweet cookie; and process for producing mixed flour and sweet cookies containing plant
extracts of Brazil nuts (Bertholletia excelsa Bonpl.), manioc (Manihot esculenta Crantz), peach palm

(Bactris gasipaes Kunth), and passion fruit (Passiflora edulis Sims)
BR 10 2015 002902
0

Fev 10,
2015 Lotion based on Ganoderma lucidum (Curtis) P. Karst. Spores

BR 10 2015 001385
0

Jan 22,
2015 Composition of products without added sugar based on yellow passion fruit flour

BR 10 2015 002897
0

Jan 16,
2015 Production of antibiotic containing Passiflora edulis Sims extract and its use

BR 11 2016 006227
2

Sep 25,
2014 Lipid extract of passion fruit seeds

BR 11 2015 014492
6

Dec 20,
2013 Composition of plant extract for treatment of opious and alcohol abuse

BR 11 2015 014351
2

Dec 18,
2013

Extract of Passiflora seeds and cosmetic, dermatological, and nutraceutical compositions comprising the
same

BR 10 2012 026263
0

Oct 08,
2012 Composition for hair mask without gluten

BR 10 2012 026281
9

Oct 08,
2012 Composition for hair conditioner without gluten

BR 10 2012 021728
7

Aug 29,
2012 Nanoparticle

BR 10 2012 022381
3

Aug 28,
2012 Compositions for hair oil

BR 10 2012 019583
6 Jul 09, 2012 Compositions for hair mask

PI 0816292-1 Sep 03,
2008

Process for the preparation of an extract of Passiflora alata Curtis plant and its use in cosmetic and
pharmaceutical compositions

PI 0800544-3 Feb 01,
2008

Analytical technology based on pyrolysis coupled to gas chromatography/mass spectrometry for the
characterization and obtaining chemical compounds from extracts of Passiflora alata Curtis dried by

nebulization

PI 0800705-5 Jan 15,
2008 Flavor capsules for decreasing absorption of lipids and carbohydrates

PI 0602106-9 May 25,
2006

Process for preparing a product based on Passiflora incarnata L., pharmaceutical product, and
pharmaceutical composition, use, and method of treatment of anxiety and insomnia

PI 0501200-7 Feb 16,
2005 Process for obtaining energy drink based on coconut water and natural passion fruit juice and honey

PI 0501199-0 Feb 16,
2005 Process for obtaining energy drink based on coconut water and natural passion fruit juice

PI 0203346-1 Jun 26,
2002

Composition of synergistic effect with plant active ingredients for higher activities of hydration and
tissue regeneration, dermal protection against aggressive external agents, as lotion, cream, gel, or

cellulose scarves, presented ready use
Source: https://gru.inpi.gov.br/pePI/servlet/PatenteServletController. Accessed November 26, 2019.
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Table 3: List of ANVISA registered products containing Passiflora sp.

Product/category Dosage form Manufacturer Code Status Active

A SAÚDE DA MULHER/
antispasmodic, anticholinergic,
drug combination

Oral solution 57.507.378/0003-65 Valid

Sodium salicilate/Passiflora alata Curtis
(fluid extract)/‘Agoniada pluméria’
(tincture)/bitter orange peel (fluid

extract)
A SAÚDE DA MULHER/
antispasmodic, anticholinergic,
drug combination

Simple dragee/oral
solution 45.992.062/0001-65 Canceled Sodium salicilate/Passiflora dry extract/

‘Agoniada’ dry extract

ACALMIL/herbal compound Coated tablet 29.333.218/0001-40 Canceled
Passiflora incarnata L./Salix alba L.

(leaves extract)/Crataegus oxyacantha L.
extract

ACALMIL/herbal compound Coated tablet 92.265.552/0001-40 Canceled
Passiflora incarnata L./Salix alba L.

(leaves extract)/Crataegus oxyacantha L.
extract

ALPHALIV/simple Herbal,
simple anxiolytic Oral solution/coated tablet 09.545.589/0001-88 Valid Passiflora incarnata L.

ANSIODORON/potentized
preparation Tablet 56.992.217/0001-80 Valid Avena sativa L./Passiflora alata Curtis/

Valeriana officinalis L

BRONQUIOGEN/herbal
compound Oral solution 51.603.488/0001-82 Canceled

Caesalpinia ferrea Mart. /Roripa
nasturtium Beck/Mikania glomerata
Spreng./ Lantana camara L./Passiflora
alata Curtis/Melissa officinalis L./
Myrospermum erythroxylum Allem

CALMAN/herbal compound Coated tablet/oral solution 02.433.631/0001-20 Valid Crataegus rhipidophylla Gand./Passiflora
incarnata L./Salix alba L.

CALMAN/herbal compound Coated tablet/oral solution 64.088.172/0001-41 Canceled Crataegus rhipidophylla Gand./Salix alba
L./Passiflora incarnata L.

CALMANTE FARMAERVAS/
herbal compound Oral solution 60.565.520/0001-73 Canceled

Melissa officinalis L./Passiflora alata
Curtis /Valeriana officinalis L./Lavandula

officnalis Chaix

CALMAPAX/similar, associated
natural products

Coated tablet/oral
solution /cropped 33.173.097/0002-74 Canceled

Passiflora incarnata L./Erythrina
mulungu Mart./Matricaria chamomilla
L./ Melissa officinalis L. (only in oral

solution)
CALMASYN/simple herbal,
simple analytic Oral solution/coated tablet 17.562.075/0001-69 Valid Passiflora incarnata L.

CALMAVITA/simple herbal Hard gelatin capsule 56.646.953/0001-86 Canceled Passiflora incarnata L.

CALMI/herbal compound Oral solution 17.299.140/0001-05 Canceled
Matricaria chamomilla L./Citrus

aurantium L./Cymbopogon citratus Stapf/
Passiflora alata Curtis

ACALMIL/herbal compound Syrup 06.597.801/0001-62 Valid Passiflora incarnata L.
CALMIPLAN/herbal
compound Coated tablet 47.100.862/0001-50 Canceled Passiflora incarnata L./Salix alba L./

Crataegus rhipidophylla Gand.
CALMOPLANTAS/simple
herbal, simple anxiolytic

Tincture/hard gelatin
capsule 79.634.572/0001-82 Valid Passiflora incarnata L./Salix alba L./

Crataegus rhipidophylla Gand.
CALMOXIL/simple herbal,
simple anxiolytic Coated tablet/oral solution 28.643.633/0001-37 Canceled Passiflora incarnata L.

CARDIOPAX GOTAS/
Homeopathic association Oral solution 76.440.528/0001-43 Canceled Passiflora incarnata L./Crataegus

rhipidophylla Gand./Digitalis sp.
CARDIOSETYL M/simple
herbal, simple anxiolytic Oral solution 21.573.449.0001-19 Canceled Passiflora incarnata L.

CARDIOSETYL M/herbal
compound/antispasmodic Oral solution 21.573.449/0001-19 Canceled

Passiflora alata Curtis/Crataegus
rhipidophylla Gand./Erythrina mulungu

Mart./ Leptolobio elegans Vog
DALAY/simple herbal Coated tablet/oral solution 01.858.973/0001-29 Valid Passiflora dry extract

DYRAJAIA/herbal compound Tincture 02.007.074/0001-85 Canceled Passiflora alata Curtis/Dorstenia
multiformis Miq.

ELIXIR DE MARACUJÁ
COMPOSTO FARMAERVAS/
herbal compound

Elixir 60.565.520/0001-73 Canceled Passiflora alata Curtis /Paullinia cupana
Kunth/ Valeriana officinalis L.
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Table 3: Continued.

Product/category Dosage form Manufacturer Code Status Active
EQUILIBRISSE/simple herbal,
simple anxiolytic Coated tablet 05.161.069/0001-10 Valid Passiflora dry extract

EQUILIBRISSE/simple herbal,
simple anxiolytic Coated tablet 05.161.069/0001-10 Valid Passiflora incarnata L.

ELIXIR DE CEREUS
COMPOSTO/herbal compound Oral solution 92.695.816/0001-03 Canceled

Crataegus tincture/Cereus grandiflorus
(L.) Mill./Valeriana officinalis L./

Passiflora alata Curtis
ERVA SILVINA COMPOSTA/
herbal compound Elixir 92.943.992/0001-09 Canceled Casearia sylvestris Sw./Aristolochia

cymbifera Martius/Passiflora alata Curtis

FIMATOSAN/Associated
natural products Oral solution 33.379.887/0001-96 Canceled

Caesalpinia ferrea Mart./Roripa
nasturtium Beck/Mikania glomerata

Spreng./Passiflora alata Curtis/
Polypodium vulgare/Myrospermum

erythroxylum Allem./Lantana camara
Linné

FIQUEZEN/simple herbal,
simple anxiolytic Coated tablet/oral solution 17.875.154/0001-20 Valid Passiflora dry extract

FITOCALM/simple herbal,
simple anxiolytic Coated tablet 84.684.620/0001-87 Valid Passiflora incarnata L.

FITOCALMIN/simple herbal Hard gelatin capsule 14.186.324/0001-70 Canceled Passiflora incarnata L.
FLORINY/Anxiolytics—drug
combination/herbal compound Coated tablet/oral solution 64.088.172/0001-41 Canceled Passiflora incarnata L./Salix alba L./

Crataegus oxyacantha L.

MARACUGINA COMPOSTA/
herbal compound/anxiolytic Oral solution/coated tablet 61.082.426/0002-07 Canceled

Erythrina mulungu Mart./Crataegus
rhipidophylla Gand./Passiflora alata

Curtis
MARACUGINA COMPOSTA/
herbal compound Oral solution/coated tablet 67.866.665/0002-34 Canceled Passiflora alataCurtis/Erythrina mulungu

Mart./Crataegus rhipidophylla Gand.
MARACUGINA COMPOSTA/
herbal compound Oral solution/coated tablet 02.932.074/0001-91 Canceled Passiflora alataCurtis/Erythrina mulungu

Mart./Crataegus rhipidophylla Gand.
MARACUGINA PI/ simple
herbal, simple anxiolytic Coated tablet 61.082.426/0002-07 Valid Passiflora dry extract

MARACUGINA PI/ simple
herbal, simple anxiolytic Coated tablet 61.082.426/0002-07 Valid Passiflora incarnata L.

MARACUJÁ CONCENTRIX/
herbal compound, simple
anxiolytic

Simple dragees/oral
solution 05.044.984/0001-26 Canceled Crataegus rhipidophylla Gand./Passiflora

incarnata L./Salix alba L.

MARACUJÁ GOTAS/simple
herbal Hydroalcoholic solution 78.950.011/0001-20 Canceled Passiflora incarnata L.

MARACUJÁ HERBARIUM/
simple herbal, simple anxiolytic

Hard gelatin capsule/
coated tablet 78.950.011/0001-20 Valid Passiflora incarnata L.

MULUNGU BROMETADO/
similar Syrup 10.419.935/0001-60 Canceled

KBr/NaBr/ NH4Br/Atropa belladonna
tincture/Hyosciamus niger L. Tincture/

Passiflora alata Curtis

NERVITON/Associated
phytotherapics Elixir 92.751.965/0001-34 Canceled

Passiflora alata Curtis/Ptychopetalum
olacides Benth/Cola nitida Schott & Endl./

Paullinia cupana Kunth/thiamine
hydrochloride

NEUREXAN/Dynamized
compound Sublingual tablet 05.994.539/0001-27 Valid

Avena sativa L./ Coffea arabica L./
Passiflora incarnata L./Zincum

isovalerianicum

NUIT/herbal compound Coated tablet 49.475.833/0001-06 Canceled
Passiflora incarnata L./ Valeriana

officinalis L./Crataegus rhipidophylla
Gand.

PASALIX/herbal compound Coated tablet 60.726.692/0001-81 Valid Crataegus rhipidophylla Gand./Passiflora
incarnata L./Salix alba L.

PASALIX PI/simple herbal,
simple anxiolytic Coated tablet/oral solution 60.726.692/0001-81 Valid Passiflora incarnata L.

PASIC/herbal compound Coated tablet/oral aerosol 44.734.671/0001-51 Canceled Passiflora incarnata L./ Crataegus
rhipidophylla Gand./Salix alba L.
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Table 3: Continued.

Product/category Dosage form Manufacturer Code Status Active
PASSANEURO/herbal
compound Coated tablet 47.100.862/0001-50 Canceled Passiflora dry extract/ Erithrina mulungu

Mart./Matricaria chamomilla L.

PASSICALM/herbal compound Oral solution 85.776.524/0001-21 Canceled Erithrina mulungu Mart./Valeriana
officinalis L./ Passiflora alata Curt

PASSIENE/simple herbal Syrup 78.950.011/0001-20 Canceled Passiflora dry extract
PASSIENE/simple herbal Syrup/ coated tablet 78.950.011/0001-20 Valid Passiflora incarnata L.
PASSIFLORA/herbal
compound Tincture 02.007.074/0001-85 Canceled Passiflora dry extract/ Erithrina mulungu

Mart.
PASSIFLORA ALTHAIA/
simple herbal, simple anxiolytic Oral solution 48.344.725/0007-19 Valid Passiflora incarnata L.

PASSIFLORA CATARINENSE/
simple herbal, simple anxiolytic Coated tablet 84.684.620/0001-87 Valid Passiflora incarnata L.

PASSIFLORA COMPOSTA/
herbal compound

Oral solution/ simple
dragee 42.341.149/0001-84 Canceled Crataegus rhipidophylla Gand./Passiflora

incarnata L./Eerythrina mulungu Mart.
PASSIFLORA COMPOSTA/
herbal compound Elixir 61.299.111/0001-35 Canceled Erythrina mulungu Mart./Melissa

officinalis L./Passiflora alata Curtis

PASSIFLORA DA ÍNDIA/
associated natural products Elixir 87.104.170/0001-02 Canceled

Passiflora alata Curtis/ Atropa belladonna
L./ Erythrina mulungu Mart./Citrus
limetta Risso/Cereus grandiflorus (L.)

Mill.
PASSIFLORA KLEIN/simple
herbal, simple anxiolytic Tincture 92.762.277/0001-70 Valid Passiflora incarnata L.

PASSIFLORA ORIENT/simple
herbal Hard gelatin capsule 73.657.876/0001-89 Canceled Passiflora incarnata L.

PASSIFLORINE/herbal
compound

Oral solution/simple
dragee 33.388.182/0001-79 Canceled

Passiflora incarnata L./Salix alba L./
Crataegus rhipidophyla Gand./Calcium
gluconate/Cholecalciferol/low molecular
weight peptides/magnesium hyposulfium

PASSIFLORINE PI/simple
herbal, simple anxiolytic Coated tablet 23.668.196/0001-92 Valid Passiflora dry extract

PASSIPAX/simple herbal Oral solution 04.656.253/001-79 Valid Passiflora incarnata L.
PAZINE/simple herbal, simple
anxiolytic Coated tablet 64.088.172/0001-41 Canceled Passiflora incarnata L.

PAZINE/simple herbal, simple
anxiolytic Coated tablet 07.670.111/0001-54 Valid Passiflora incarnata L.

PHYTOCALM /herbal
compound Syrup/hard gelatin capsule 84.684.620/0001-87 Canceled

Passiflora incarnata L./Valeriana
officinalis L./Matricaria chamomilla L./
Crataegus oxyacantha L./Erythrina

mulungu Mart.
PRAKALMAR/Simple herbal,
simple anxiolytic Coated tablet 02.433.631/0001-20 Valid Passiflora incarnata L.

PRASILENCE/Simple herbal,
simple anxyolitic Oral solution/coated tablet 25.773.037/0001-83 Valid Passiflora incarnata L.

RITMONEURAN/Herbal
compound

Hard gelatin capsule/oral
solution 92.695.691/0001-03 Canceled

Passiflora alata Curtis/Erythrina mulungu
Mart./Leptolobio elegans Vog/Adonis

vernalis L.
RITMONEURAN RTM/simple
anxiolytic, simple herbal

Hard gelatin capsule/oral
solution/ coated tablet 92.695.691/0001-03 Valid Passiflora dry extract

SALSAPARILHA
COMPOSTO/Associated
natural products

Elixir 92.943.992/0001-09 Canceled

Smilax japicanga Griseb./Baccharis
genistelloides Persoon/Plantago major L./
Aristolochia cymbifera Martius/Passiflora

incarnata L.

SEAKALM/herbal compound Coated tablet 02.456.955/0001-83 Canceled Passiflora incarnata L./Salix alba L./
Crataegus rhipidophylla Gand.

SEAKALM/simple anxiolytic,
simple herbal Coated tablet/oral solution 02.456.955/0001-83 Valid Passiflora incarnata L.

SEDACAL/ simple herbal Hard gelatina capsule 01.845.448/0001-79 Canceled Passiflora incarnata L.
SEDANUS/associated natural
products Oral solution 67.866.665/0002-34 Canceled Crataegus oxyacantha L./Passiflora

incarnata L./Erythrina mulungu Mart.
SERENUS/associated
phytotherapics Coated tablet 49.475.833/0001-06 Valid Crataegus rhipidophylla Gand./Passiflora

incarnata L./Salix alba L.
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which is a folk preparation. Among the 86 products regis-
tered with ANVISA, Passiflora incarnata is present in 63% of
them. Species of Passiflora genus are associated with other
plant species in 57% of the products, in which P. incarnata
predominates (Figure 4). Simple herbal medicines corre-
spond to 43% of the total registered products, in which P.
incarnata has been used in 30 registered products. 'e
registration for the use of herbal products in association

requires proof of the benefits of this composition, and a risk/
benefit evaluation [100], as well as the use of P. alata as a
substituent of P. incarnata. Although P. alata is registered in
the Brazilian Pharmacopoeia [19], this plant species is not
listed in the normative rule about simplified registration of
herbal medicines [77].

2.8. Patents and Registered Products Containing Passiflora
outsideBrazil. Outside Brazil, empirical searches carried out
in the database of the United States Patent and Trademark
Office, an Agency of the Department of Commerce North
American, indicated the existence of 572, 164 and 4 patents
when the keywords “passion flower”, “Passiflora edulis” and
“Passiflora alata” were used, respectively [106].

From 2006 to 2013, 27 traditional herbal products
containing Passiflorawere registered with theMedicines and
Healthcare Products Regulatory Agency (MHRA) of the
United Kingdom. All of them contain extracts of P. incar-
nata in single formulations or in association with other plant
species. 'ese associations represent approximately 74% of
all the products, and include, in their formulations, species
traditionally used to treat anxiety, such as Valeriana offi-
cinalis (Valerianaceae), Lactuca virosa (Asteraceae),

Table 3: Continued.

Product/category Dosage form Manufacturer Code Status Active
SINTOCALMY/simple herbal
simple anxiolytic Coated tablet 60.659.463/0001-91 Valid Passiflora incarnata L.

SOMINEX/herbal compound Tablet 57.507.378/0001-01 Canceled Crataegus rhipidophylla Gand./Valeriana
officinalis L./Passiflora incarnata L.

SOMINEX COMPOSTO/herbal
compound anxiolytics—drug
combinations

Coated tablet 57.507.378/0001-01 Canceled
Valeriana officinalis L./Crataegus

rhipidophylla Gand./ Passiflora incarnata
L.

SONOTABS/herbal compound Simple dragee 92.695.691/0001-03 Canceled Passiflora dry extract/Salix dry extract/
Crataegus rhipidophylla Gand. extract

SONOTABS/herbal compound Simple dragee 90.455.262/0001-33 Canceled Passiflora dry extract/Salix dry extract/
Crataegus rhipidophylla Gand. extract

SPASCUPREEL/potentized
compound

Sublingual tablet/
injectable solution 05.994.539/0001-27 Valid

Aconitum napellus L./ Ammonium
bromatum/Agaricus muscarius/Citrullus

colocynthis Schrad./Colocynthis/
Gelsemium sempervirens (L.) J. St.-Hil./
Magnesium phosphoricum/Matricaria
recutita L./ Passiflora incarnata L./
Veratrum album L./ Atropinum
sulfuricum/Cuprum suphuricum

SPASCUPREEL/potentized
compound Sublingual tablet/ 74.455.197/0001-90 Canceled

Atropinum sulfuricum/Citrullus
colocynthis Schrad./Veratrum album L./
Magnesium phosphoricum/Gelsemium
sempervirens (L.) J. St.-Hil./ Passiflora
incarnata L./ Agaricus muscarius/

Chamomilla recutita/Aconitum napellus
TENSART/simple herbal Coated tablet/oral solution 64.088.172/0001-41 Canceled Passiflora incarnata L.
TENSART/ simple herbal Coated tablet/oral solution 17.440.261/0001-25 Valid Passiflora incarnata L.
Source: https://consultas.anvisa.gov.br/#/medicamentos/. Accessed on December 03, 2019.

Valid
40%Canceled

/expired
60% 

Figure 3: Valid and canceled/expired registrations of Passiflora-
containing medicines registered in Brazil (ANVISA).
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Hypericum perforatum (Hypericaceae), and Melissa offici-
nalis (Lamiaceae) [20].

According to the European Medicines Agency, affiliated
to the European Union, various herbal preparations con-
taining P. incarnata are used in the member countries, with
marketing authorization and/or registrations for traditional
use. Of the total of thirty preparations registered in Europe,
Germany has ten, the UK six, Spain five, Austria four, France
three, Belgium one, and Sweden one (Figure 5). 'e main
uses are sachets containing fragmented plant material for use
in herbal teas, simple or coated tablets containing dry
ethanol extract, hard capsules with powdered or fragmented
plant material or dry ethanol extract, instant products

containing aqueous extract for the preparation of herbal tea,
and liquid products for oral use containing ethanol liquid
extract. All these preparations are indicated for the relief of
symptoms of mild neurasthenia and for insomnia [21].

3. Conclusions

'is work deals with the medicinal plants of the genus
Passiflora that have effects on generalized anxiety disorders.
Although it is the genus most used by humans for thera-
peutic purposes within the Passifloraceae family, especially
for the treatment of phenomena related to the anxiety
syndrome, it is still restricted to very few plant species. In

Passiflora
incarnata
35% 

Passiflora
incarnata
associated

28% 

Passiflora alata
associated

23% 

Passiflora sp.
associated

6% 

Passiflora sp.
8%

Figure 4: Distribution of Passiflora species in ANVISA registered products containing Passiflora sp.

Germany
34%

UK
20%

Spain
17%

Austria
13%

France
10%

Belgium
3%

Sweden
3%

Figure 5: Distribution of preparations containing Passiflora incarnata registered in Europe Union, according to the European Medicines
Agency [21].
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Brazil, the registered and/or patented products containing
extracts of Passiflora species only include a small number of
taxa, highlighting P. incarnata and P. alata. Among the 86
registered products in Brazil as “Passiflora,” those contain P.
incarnata in single formulations or in combination with
other ingredients represent 63% of the total, suggesting that
this species of Passiflora genus is the most commonly used in
medicines. In other countries, P. incarnata is also selected as
the main component in natural anxiolytic drug formula-
tions, with a long history of use and inclusion as an official
plant drug in various Pharmacopoeias, since its effects are
documented. Nevertheless, under the criteria of scientific
knowledge about the pharmacological properties of Passi-
flora indicated in nonclinical and clinical studies that might
be accompanied by the determination of the chemical
composition of the extracts, formulations, and products,
other studies are still needed to validate the mechanism of
action and recognize the medicinal use of Passiflora species
as well-established. What other species of Passiflora can be
used safely in therapy as substituents of those most currently
used? What are the criteria for this choice? 'ese questions
are important, considering that there are around 600 known
species little or unexploited for medicinal purposes and that
many of them are mainly distributed in tropical regions,
such as Brazil. 'erefore, research should be implemented
immediately, in order to extend the herbal chain production
and increase the commercial value of these products.
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REVIEW

Review & meta-analysis: isopropanolic black cohosh extract iCR for menopausal
symptoms – an update on the evidence

C. Castelo-Brancoa , M. Gambaccianib, A. Canoc , M. J. Minkind, D. Racho�ne, X. Ruanf, A.-M. Beerg,
J. Schnitkerh, H.-H. Henneicke-von Zepelini and S. Pickartzj

aClinic Institute of Gnyecology, Obstetrics and Neonatology, Faculty of Medicine, University of Barcelona, Hospital Clinic-Institut
d’Investigacions Biom�ediques August Pi i Sunyer (IDIBAPS), Barcelona, Spain; bMenopause Center, Department of Obstetrics and
Gynecology, University of Pisa, Pisa, Italy; cDepartment of Obstetrics and Gynecology, University of Valencia, Valencia, Spain; dObstetrics,
Gynecology and Reproductive Sciences, Yale University School of Medicine, New Haven, CT, USA; eDepartment of Clinical and Experimental
Endocrinology, Medical University of Gda�nsk, Gda�nsk, Poland; fDepartment of Gynecological Endocrinology, Beijing Obstetrics and
Gynecology Hospital, Capital Medical University, Beijing, China; gHospital for True Naturopathy, Katholisches Klinikum Bochum, Blankenstein
Hospital, Hattingen, Germany; hInstitut f€ur Angewandte Statistik (IAS) GmbH, Bielefeld, Germany; iClinical Research, Schaper & Br€ummer
GmbH & Co. KG, Salzgitter, Germany; jMedical Service, Schaper & Br€ummer GmbH & Co. KG, Salzgitter, Germany

ABSTRACT
A systematic literature search revealed 35 clinical studies and one meta-analysis comprising 43,759
women, of which 13,096 were treated with isopropanolic Cimicifuga racemosa extract (iCR). Compared
to placebo, iCR was significantly superior for treating neurovegetative and psychological menopausal
symptoms, with a standardized mean difference of �0.694 in favor of iCR (p< 0.0001). Effect sizes
were larger when higher dosages of iCR as monotherapy or in combination with St. John’s wort
(Hypericum perforatum [HP]) were given (�1.020 and �0.999, respectively), suggesting a dose-depend-
ency. For psychological symptoms, the iCRþHP combination was superior to iCR monotherapy.
Efficacy of iCR was comparable to low-dose transdermal estradiol or tibolone. Yet, due to its better tol-
erability, iCR had a significantly better benefit–risk profile than tibolone. Treatment with iCR/iCRþHP
was well tolerated with few minor adverse events, with a frequency comparable to placebo. The clin-
ical data did not reveal any evidence of hepatotoxicity. Hormone levels remained unchanged and
estrogen-sensitive tissues (e.g. breast, endometrium) were unaffected by iCR treatment. As benefits
clearly outweigh risks, iCR/iCRþHP should be recommended as an evidence-based treatment option
for natural climacteric symptoms. With its good safety profile in general and at estrogen-sensitive
organs, iCR as a non-hormonal herbal therapy can also be used in patients with hormone-dependent
diseases who suffer from iatrogenic climacteric symptoms.
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Introduction

Up to 80% of climacteric women, especially those suffering
from hot flushes, use complementary and alternative medi-
cine, mainly without informing their health-care providers1–5.
This highlights not only patients’ wishes but also a need for
evidence-based information on the efficacy and safety of
these treatments.

One of the most popular herbal remedies is Cimicifuga
racemosa (CR) syn. Actaea racemosa (black cohosh). CR has
been used by Native Americans and eclectic physicians as a
gynecological remedy and for rheumatism and other condi-
tions. The earliest literature references date back to the
seventeenth century6. The first allopathic herbal medicinal
product (HMP) containing CR rootstock extract was intro-
duced in Germany in 1956 and has been extensively studied

since7. In Germany, where HMPs are authorized medicines
under strict regulatory control requiring state-of-the-art proof
of efficacy, safety, and pharmaceutical quality, gynecologists
rate CR treatment as well-known and effective for climacteric
symptoms8. In many other countries, CR products are mar-
keted as food supplements (FS). FS are not as rigorously con-
trolled as HMPs and run the risk of adulteration and
contamination. Frequently, FS claiming to consist of authen-
tic North American CR have contained completely different
Asian Cimicifuga species9. While FS often have little or no sci-
entific evidence behind them, they are regarded as comple-
mentary and alternative medicine. On the other hand, (CR)
HMPs are evidence-based rational phytopharmaceuticals and
should be treated as such10.

In 2011, and again in 2018, the European Medicines
Agency issued an official monograph with a positive
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benefit–risk ratio for CR HMPs for the treatment of climac-
teric symptoms11,12. A Cochrane review doubted CR’s super-
iority versus placebo for menopausal symptoms13 but was
internationally criticized soon after. Apart from a failure to
identify all appropriate randomized controlled trials (RCTs)
and an incorrect exclusion of positive results, the review’s
main shortcoming was a missing differentiation between the
extracts used14. The new meta-analysis showed CR to be sig-
nificantly superior to placebo for menopausal symptoms14.

Unlike synthetic drugs, the active ingredient of phytophar-
maceuticals is not a single substance but the whole plant
extract. Herbal extracts contain a multitude of different con-
stituents and – even if derived from the same plant – their
composition varies depending on many factors (e.g. cultiva-
tion, harvesting conditions, extraction process, extractant,
and standardization) that may lead to different effects and
efficacies15. Therefore, study results gained with a specific
extract cannot be transferred one-to-one to different extracts
of this herb. For phytopharmaceuticals there are no genuine
generics as with synthetic drugs. Consequently, when analyz-
ing scientific data, it is crucial to differentiate between HMPs
and non-HMPs/FS and between different extracts. The first
differentiated evaluation of extract-specific evidence on CR’s
efficacy and safety was performed by Beer and Neff in
201316. Their analysis of publications from 2000 to 2012
came to the conclusion that only HMPs, but not FS/non-
HMPs, of CR demonstrated evidence for their efficacy. Best
evidence was provided by the isopropanolic CR extract (iCR);
the only extract tested in several thousand women and the
only extract that provided confirmatory Level 1 evidence and
Grade of Recommendation A16. These results were confirmed
by an additional analysis of newer studies published from
2012 to 201417.

This review’s purpose is to give a current update and
overview of all placebo-controlled clinical data (irrespective
of publication date) and additional data from clinical studies
with iCR during a broader time span ranging from the estab-
lishment of the EU Guideline on Good Clinical Practice E6 in
1997 until January 2020. Furthermore, for the first time, all
placebo-controlled data gained with iCR are pooled in a
meta-analysis. Efficacy and safety results are analyzed in
detail and discussed in order to enable health-care providers
to advise patients who refuse or have contraindications to
hormone therapy for climacteric symptoms.

Methods

MEDLINE, EMBASE, EMBASE Alert, BIOSIS, and PubMed were
searched for clinical studies with iCR (irrespective of design)
and meta-analyses thereof, published from 1997 to January
2020, as a basis for our review. Furthermore, all available
randomized placebo-controlled data, irrespective of publica-
tion date, were collected as a basis for our meta-analysis.
The database search was complemented by a manual search
in the authors’ library and an additional search in
ClinicalTrials.gov and the EU Clinical Trials Register.

Inclusion criteria were medical use of iCR, efficacy for neu-
rovegetative and psychological climacteric symptoms,

additional clinical benefits, occurrence and frequency of
adverse events, and influence on liver, hormones, and estro-
gen-sensitive organs. No restrictions regarding patients’ ages,
menopausal status, and treatment duration were made.
Patient-relevant endpoints were reduction of neurovegetative
and psychological climacteric symptoms (e.g. scales for cli-
macteric symptoms, symptom frequency and intensity, and
objective symptom measurement), additional clinical bene-
fits, and frequency and severity of adverse events, including
influence on estrogen-sensitive organs or laboratory
parameters.

Studies were sorted according to their quality and the
RCTs regarding their control group (placebo, active compara-
tor). The placebo-controlled RCTs were pooled in the meta-
analysis and independently assessed for risk of bias with the
revised Cochrane RoB 2 tool (2019) by three authors (M.G.,
H.H.H.-v.Z., and S.P.). Disagreements were discussed until a
consensus was reached. The meta-analysis was performed
using SAS version 9.4 under the fixed-effect size model. For
studies that did not directly report the standardized group
difference and the corresponding confidence interval, these
parameters were deduced either from the published means,
standard deviations, and sample size N or from the published
means, sample size N, and p-values.

Results

The search revealed one meta-analysis18 and 35 clinical stud-
ies19–53, including 16 RCTs19–31,50,52,53, that met the inclusion
criteria. Altogether, 43,759 patients were included in the
studies; 13,096 of the patients were treated with iCR. A
detailed overview of populations, interventions, and results
for each study is presented in Table S1.

Efficacy for natural menopausal symptoms

Placebo-controlled, double-blind RCTs
The first RCT demonstrated that iCR was superior to placebo
in improving the Kupperman Menopause Index (KMI) and
the Hamilton Anxiety Rating Scale19 scores for all assessment
points (4, 8, and 12weeks; p< 0.001). In the iCR group, the
average symptom intensity decreased from ‘moderate’ at
baseline to ‘mild’ at study termination, showing a good
therapeutic result. In the placebo group, it decreased but still
remained ‘moderate’.

Significantly greater improvements in the total
Menopause Rating Scale (MRS) scores were found in patients
taking iCR for 3months compared to placebo (p< 0.001)22.
Efficacy was best for vasomotor symptoms (hot flushes,
sweating, and sleep disorders). With 0.03–0.05 MRS units, the
effect size was similar to that of 0.6mg conjugated estrogens
in a previous study and clinically relevant. The therapeutic
benefit was highest in patients who were treated in the early
climacteric phase.

In iCR-treated patients, significantly higher reductions in
climacteric symptom severity (total KMI and hot flush scores)
were seen after 4weeks (p< 0.05 for KMI, p¼ 0.041 for hot
flushes) and 12weeks (p< 0.001 for KMI, p¼ 0.021 for hot
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flushes) compared to placebo26. iCR noticeably decreased
both scores from baseline to study termination (KMI,
26.46 ± 10.46 to 6.37 ± 4.16; hot flushes, 7.52 ± 2.37
to 1.52 ± 1.97).

Polysomnography, conducted to objectively measure
sleep disturbances in a 6-month trial, showed that patients
using iCR had significantly increased sleep efficiency
(p¼ 0.01) and decreased wake after sleep onset duration
(p< 0.01) compared to placebo. Vasomotor and physical
domains of the Menopause-specific Quality of Life question-
naire also improved versus placebo31.

The fixed combination of high-dose iCR plus low-dose St.
John’s wort (Hypericum perforatum) (iCRþHP) was significantly
superior to placebo in improving MRS (�50%) and Hamilton
Depression Rating Scale scores (�41.8%) (p< 0.001)24.

Active-controlled RCTs
A 3-month study compared the efficacy of iCR to low-dose
transdermal estradiol for climacteric symptoms23. Both treat-
ments significantly reduced the number of hot flushes/day
and vasomotor symptoms as well as anxiety and depression
(p< 0.001 for all). Both treatments showed comparable effi-
cacy without significant differences.

Chinese women with climacteric symptoms received
either iCR or tibolone for 3months in a double-blind, dou-
ble-dummy trial25. A noticeable and clinically relevant reduc-
tion of similar size for the KMI scores was seen in both
groups, significantly demonstrating non-inferiority of iCR
(p¼ 0.002). Yet, due to its better tolerability, iCR was superior
to tibolone in the benefit–risk ratio (p¼ 0.01).

In two further RCTs, significant KMI score reductions of
perimenopausal symptoms were shown under iCR after
3months; they were comparable to those under tibo-
lone52,53. Additionally, vaginal atrophy symptoms were sig-
nificantly ameliorated in both groups, without significant
group differences53.

Treatment with a standard dose (SD) or high dose (HD) of
iCR for 6months significantly decreased menopausal symp-
toms (KMI score reduced by 75%). The responder rate was
already 70% after 3months. These effects were maintained
after 6months21. For the complete study population, no dif-
ferences between SD and HD could be observed. However,
patients who were in the early climacteric phase benefited
significantly more from HD compared to SD and also exhib-
ited a response rate above 90% when using HD21,54.

Women with perimenopausal depression were treated with
either paroxetine or paroxetine plus iCR for 2months28. The
iCR group showed significantly better improvement in the
Hamilton Depression Rating Scale (p< 0.05) and KMI (p< 0.01)
scores compared to patients taking only paroxetine.

A 12-week iCR treatment was compared to placebo treat-
ment in patients with postmenopausal atrophic vaginitis27.
While atrophic vaginitis symptoms were significantly reduced
in the iCR group (p< 0.05), there were no significant influen-
ces on vaginal pH or the maturation degree of vaginal epi-
thelial cells.

Open, controlled studies
In a prospective, controlled observational study, 6,141
patients were treated for 6–12months (n¼ 736) with iCR or
iCRþHP according to the physicians’ choices32. Both treat-
ments led to significant reductions of the MRS total score
and the MRS subscore ‘psyche’. The iCRþHP combination
was superior to the monotherapy in ameliorating psycho-
logical climacteric symptoms (p< 0.001).

Compared to untreated control, iCR-treated women
showed significant decreases in the urinary concentration of
N-telopeptides (bone resorption marker) and increases in
serum alkaline phosphatase (bone formation marker)
after 3months33.

Open, uncontrolled studies
Two studies using a 3-month iCR therapy found significant
reductions in the KMI scores. The most pronounced improve-
ments were seen for hot flushes and sweating42,43. Sleeping
difficulties and anxiety were also greatly reduced43.
Postmenopausal women with increased body weight taking
iCR for 3months experienced a significant increase in their
quality of life (Cervantes Health-Related Quality-of-Life Scale),
especially in the ‘menopause/health’ and ‘psyche’ domains47.
Another 3-month study found that more than 70% of
women using iCR had fewer hot flushes, less sweating, and
fewer psychological complaints (irritability, depressive moods,
and insomnia)45. Patients taking HD iCR for 98 days exhibited
reductions in 10 typical neurovegetative climacteric symp-
toms. Efficacy was rated as good or very good in 80% of the
cases40. The combination of iCRþHP ameliorated not only
psychological but also neurovegetative symptoms of meno-
pause significantly after 12weeks of therapy. Efficacy was
judged as good or very good in 81% of the cases39.

Efficacy for iatrogenic menopausal symptoms

Placebo-controlled, double-blind RCTs
Breast cancer patients, most treated with tamoxifen, received
either iCR or placebo for 2months. While both groups had a
comparable decline in the number and intensity of hot
flushes, the iCR-treated women reported significantly less
sweating than the placebo group (p¼ 0.04)20.

Active-controlled RCTs
Endometriosis patients were treated with postoperative
goserelin therapy, causing estrogen-deficiency symptoms30.
Four weeks after the first goserelin injection, they received
add-back therapy with tibolone or iCR for 12weeks. Both
treatments significantly reduced KMI and hot flushes/sweat-
ing scores to a comparable extent without significant group
differences. The iCR group had significantly fewer adverse
events and less vaginal bleeding/spotting or breast pain.

Open, controlled studies
Women with early breast cancer were treated with luteiniz-
ing hormone-releasing hormone analogue after surgery,
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mostly combined with endocrine therapy. They randomly
received iCR or no treatment for 3months. The iCR group
had significantly lower KMI scores compared to control50.

Patients with stage 1 endometrial cancer suffering from
menopausal symptoms after surgery were treated with iCR
for 24weeks or remained untreated as control35. All patients
were followed for 12months. Therapy with iCR resulted in a
significant decrease of the KMI score and a significant
increase in bone mineral density (both p< 0.05).

Open, uncontrolled studies
A pilot trial in women (breast cancer, high risk, or refused
hormone therapy) with significant hot flushes, partly caused
by tamoxifen or raloxifene, found a reduction of hot flush
frequency (�50%), severity (�22%), and sweating (�80%)
after 4weeks of iCR intake41. Additionally, patients reported
less sleeping problems and less fatigue.

Patients after surgery for gynecological cancers (endomet-
rial, ovarian, cervix, borderline ovarian, and breast cancers)
experienced a significant reduction of KMI scores, hot
flushes, sweating, and depressive moods after 3months of
treatment with iCR (p< 0.05)48.

Women after breast cancer surgery suffering from tamoxi-
fen-induced climacteric symptoms were treated with iCR for
6months. The dosage was adapted to symptom intensity49.
The iCR treatment led to significant reductions in the total
MRS II score (p< 0.001). Hot flushes, sweating, sleep prob-
lems, and anxiety improved most.

Meta-analysis of the placebo-controlled RCTs

All placebo-controlled RCTs examining efficacy for neuro-
vegetative and psychological climacteric symptoms were
included in the meta-analysis19,20,22,24,26,31. Most of the RCTs
had a low risk of bias19,22,24. Two RCTs raised some con-
cerns20,31 and one RCT was rated as high risk according to
RoB 2 criteria26 (Figure 1; extensive assessment presented in
Table S2). However, the latter suffered explicitly from low-
quality reporting, which may not necessarily imply an actual
risk of bias. Detailed characteristics of these RCTs are pre-
sented in Table 1. Figure 2 shows a forest plot of these RCTs,
revealing an overall standardized mean difference of �0.694
in favor of iCR (p< 0.0001). By subgroups, the standardized

mean difference in favor of iCR was �0.568 for natural
menopausal symptoms, �0.187 for iatrogenic symptoms, and
�0.999 in favor of iCRþHP for natural climacteric symptoms.
For studies with higher iCR dosages as monotherapy or in
combination with HP19,24, the standardized mean difference
in favor of iCR was �1.020 and �0.999, respectively.

Safety in general and at the liver

Treatment with iCR was generally well tolerated with few
minor adverse events19,21–23,25,30,32,33,39,41,43–45,52 or even no
adverse events27,31,35. Compared to placebo, the frequency
of adverse events under iCR or iCRþHP was not significantly
different22,24. HD iCR demonstrated the same good tolerabil-
ity as SD iCR21. In breast cancer patients treated with tamoxi-
fen, typical tamoxifen-associated adverse effects occured20,49.
Compared to tibolone, iCR treatment had significantly fewer
adverse effects, especially for vaginal bleeding or spot-
ting25,30,52,53. No significant influences of iCR on body
weight/body mass index22,25,35, heart rate22, blood pres-
sure22,28,35, or electrocardiogram28 were seen. Routine
hematology21,24,25,28,48, routine biochemistry21,24,25,33,48,
including kidney function tests21,24,25,28,30,31,35,48,52,53, and
urinalysis25,28,48 remained unaffected by iCR. Regarding lipid
metabolism, total cholesterol and triglycerides were not
affected23,26,30,33,35,44,48,52,53. However, several investigators
reported significant increases of high-density lipoprotein
cholesterol and decreases of low-density lipoprotein
cholesterol23,26,48,52.

A meta-analysis of five double-blind RCTs including 1117
patients showed that SD or HD iCR treatment for 3–6months
did not significantly influence liver function tests and did not
reveal any evidence for hepatotoxicity18. Ten further
studies23,26,28,30,31,35,48,52,53,55, seven of which were RCTs,
including 741 patients also did not find any significant
changes in liver function parameters.

Safety at estrogen-sensitive organs

Taking SD iCR for 3–6months did not lead to significant
changes in gonadotropin or estradiol levels in otherwise
healthy women (n¼ 481)21,23,26,27,31,33,40,46,52,53 or in women
with estrogen-dependent diseases (breast cancer,
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gynecological tumors, and endometriosis)
(n¼ 193)20,30,35,48,50. HD iCR also did not affect follicle stimu-
lating hormone, luteinizing hormone, or estradiol21,40.
Furthermore, prolactin, sex hormone binding globulin, and
testosterone remained unchanged21,23,33,40,44.

Ultrasound scans showed that endometrial thickness was
not influenced by 3–6-month iCR treatment
(n¼ 516)23,25–27,31,40,44,50,52,53. Also, in patients with uterine
pathologies like endometriosis or endometrial carcinoma,
pelvic ultrasound was unremarkable (n¼ 86)30,35. iCR therapy
in goserelin-treated endometriosis patients resulted in signifi-
cantly less vaginal bleeding/spotting than add-back therapy
with tibolone30. Using iCR for 3months led to a significant
reduction of myoma volume compared to baseline (�30%)
and compared to tibolone, which had no significant effects
(þ4.7%)29. Patients with endometrial cancer had no increase
of tumor marker CA 125 or recurrences during 6-month iCR
treatment and 12-month follow-up35. No significant changes
of vaginal cytology/maturation index or pH could be
detected after 3–6-month treatment with SD or HD
iCR21,26,27,40.

Breast ultrasonography did not reveal any changes after
6-month iCR treatment in healthy women and in women
after therapy for estrogen-dependent tumors (n¼ 54)31,35.
Furthermore, no signs of increased mammographic breast
density (visual assessment) or breast cell proliferation (fine-
needle aspiration biopsy) were found after 6-month iCR
treatment44. These results were confirmed by digitized
assessment of the mammograms34. Patients with ductal car-
cinoma in situ, using iCR for 2–5weeks pre surgery, experi-
enced no significant changes in proliferation marker Ki67, yet
a downward trend was seen51. Two case–control studies
demonstrated that iCR use was associated with a reduced
risk for breast cancer37,38. The larger study found that risk
reduction was independent of lifestyle factors, tumor hist-
ology, and receptor status, but improved with longer

treatment duration. A pharmacoepidemiological cohort study
in breast cancer survivors demonstrated that women taking
iCR for climacteric symptoms compared to women not using
iCR had a significantly lower risk for recurrence with a 4.5-
year longer recurrence-free survival on average36.

Discussion

All studies with iCR consistently demonstrated its efficacy for
natural climacteric symptoms, exhibiting significant superior-
ity versus placebo and an efficacy comparable to low-dose
transdermal estradiol or
tibolone19,21–26,28,31,32,39,40,42,43,45,47,52,53. Yet, due to its better
tolerability, iCR had a better benefit–risk profile than tibo-
lone. These results confirm the NICE guideline meta-analyses.
There, CR was significantly superior to placebo in reducing
vasomotor symptom frequency, revealing a good effect size,
whereas tibolone was associated with high treatment discon-
tinuation56. It is noteworthy that among all non-hormonal
treatments, CR exhibited the largest effect size and had the
highest probability of being the best treatment56. However,
the guideline calls for caution concerning the great variety
of CR products. This makes sense because inconclusive data
on CR’s efficacy result from products that do not meet the
strict criteria for HMPs16,17. With a standardized mean differ-
ence of �0.568 in favor of iCR versus placebo for natural
menopausal symptoms in our meta-analysis, iCR, as an
authorized HMP, offers an evidence-based, recommendable,
non-hormonal treatment. The inclusion of one publication
with a potential for high risk of bias26 in our meta-analysis
could be worth discussing. However, as its effect size does
not deviate from the overall treatment effect, its inclusion or
exclusion has no impact on the result of this meta-analysis.
Most of the included studies had a low risk of bias19,22,24.

Our meta-analysis shows higher effect sizes when higher
doses of iCR (without or with HP)19,24 were used (standard

Figure 2. Forest plot of isopropanolic Cimicifuga racemosa extract (iCR) versus placebo in neurovegetative and psychological menopausal symptoms.
CI, confidence interval; Fixed, summary of the respective group of studies under the fixed-effect size model; HP, Hypericum perforatum (St. John’s wort); ms, menopausal symptoms; n,
number of patients; Std diff, standardized mean difference; SE, standard error of the standardized difference.
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mean difference of �1.020 and �0.999, respectively), sug-
gesting a dose-dependency. Women in their early climacteric
phase may benefit from an increase from 40mg up to
120mg drug/day54. Furthermore, iCRþHP was superior to iCR
in ameliorating psychological climacteric symptoms32. With
its higher iCR dose and synergistic effects with HP, the com-
bination offers a valuable treatment option not only in terms
of its greater effect size shown in our meta-analysis but also
because psychological symptoms like depressive moods
often occur during perimenopause57,58.

Efficacy data concerning iatrogenic climacteric symptoms
are varied, with the findings being predominantly positive.
Climacteric symptoms after endometrial cancer surgery were
significantly reduced by iCR over 24weeks compared to
untreated control35. These positive effects are in line with
results of another 24-week, hormone therapy-controlled
study with iCR in hysterectomized patients59. For goserelin-
induced symptoms in endometriosis patients, 12weeks of
iCR treatment was as effective as add-back therapy with tibo-
lone, yet more tolerable30. These results were recently con-
firmed by a study in gonadotropin-releasing hormone
analogue-treated breast cancer patients. There, iCR treatment
significantly lowered KMI scores after 12weeks compared to
control50. In tamoxifen-treated breast cancer patients, hot
flush reductions over 8weeks under iCR were not signifi-
cantly different from placebo, but the sample size was too
small to prove superiority; however, iCR-treated patients still
benefited from significantly less sweating20. This study was
too short to expect significant efficacy results. The authors
assumed that ‘it is possible that when used for a longer
period of time, black cohosh may show greater efficacy’.
Excluding this study with a shorter treatment duration than
the US Food and Drugs Administration and the European
Medicines Agency require would have increased the homo-
geneity of our meta-analysis results. Significant reductions of
iatrogenic hot flushes, sweating, and psychological symp-
toms were shown in longer open studies (12–24weeks)48,49.
There, tamoxifen-treated breast cancer patients were also
allowed to double the standard iCR dose49. This could
enhance treatment effects, as practical experience showed
that patients with tamoxifen-induced symptoms often need
higher CR doses than natural menopausal women60. Thus,
HD iCR or iCRþHP can be used to treat climacteric symptoms
induced by endocrine therapy. These patients cannot take
hormones and without additional therapy may discontinue
the anti-hormonal treatment due to its severe side
effects60–62.

Treatment with SD/HD iCR or iCRþHP was well tolerated
with only rare minor adverse effects, no significant differen-
ces from placebo, and significantly better tolerability com-
pared to tibolone19,21–25,27,28,30,31,33,35,39–45,48,49,52,53. This
favorable safety profile of iCR is congruent with data ana-
lyzed for CR extracts in general13,16,17,63. None of the iCR
studies showed liver-specific side effects. Additionally, a
meta-analysis of five RCTs and 10 further studies, 1858
patients in total, showed no influence of iCR on liver
function18,23,26,28,30,31,35,48,52,53,55. Single cases of hepatotox-
icity had been reported during the use of CR products.

These included FS that do not meet the strict quality
criteria of HMPs and are often adulterated with different
Asian Cimicifuga species9. Case report assessment with a
liver-specific diagnostic algorithm did not reveal a causal
relationship64–67.

In the past it was believed that CR’s efficacy may be
based on estrogen-like effects due to its reputed constituent
formononetin. However, this isoflavone was never detected
in CR extracts used for the manufacture of iCR68,69. Activity
on estrogen receptors was not shown for iCR70. Instead,
binding and modulation of central nervous system key
receptors for thermoregulation, mood, and sleep (e.g. sero-
tonin, dopamine, c-aminobutyric acid, m-opioid) and favor-
able changes in brain metabolism and activity were
observed46,71–75. These mechanisms of action explain not
only the efficacy for climacteric symptoms but also the fact
that iCR did not influence hormones, breast tissue density or
proliferation, endometrial thickness, or vaginal
cytology20,21,23,25–27,30,31,33–35,40,44,48,50,52,53. The amelioration
of vaginal atrophy symptoms observed by some researchers
can possibly be explained by anti-inflammatory and anti-oxi-
dative effects of CR. The reduction of psychological meno-
pausal symptoms by iCR may also play an important role in
this regard, as psychological stress impairs vaginal health
and sexual function. Against this background and in line
with the official monographs, the benefit–risk ratio of iCR/
iCRþHP is clearly positive. The resulting recommendation of
iCR for patients with climacteric symptoms is fortified by
results of the NICE guideline health economic model. Out of
all treatments in hysterectomized women and in women
with a uterus, CR had the second highest and the highest
probability, respectively, of being the most cost-effective
treatment76.

Furthermore, initial data suggest additional benefits. The
longer recurrence-free survival in breast cancer patients tak-
ing iCR36 and an association of iCR therapy with a decreased
risk of developing breast cancer37,38 are substantiated by
experimental data. iCR dose-dependently inhibited the prolif-
eration of estrogen-dependent and estrogen-independent
breast cancer cells due to caspase activation and induction
of apoptosis; it reduced invasiveness and enhanced the
effects of tamoxifen77–81. CR downregulated the expression
of estrogen receptor-a, progesterone receptor, and BRCA1 in
hormone-dependent breast cancer cells and decreased their
proliferation82. In breast cancer animal models, application of
iCR indicated a trend toward or actually led to reduced
tumor growth – the latter accompanied with prolonged life
span83,84. Combination of tamoxifen with iCR increased the
incidence of tumor-free animals and reduced the individual
tumor burden85.

Further mechanisms of action of CR and its constituents
may contribute to iCR’s beneficial effects (not only) in breast
cancer patients. Actein, a CR triterpene glycoside, had
growth inhibitory effects on human breast cancer cells asso-
ciated with activation of stress response pathways86. Actein
had anti-angiogenic effects in vitro and decreased breast
tumor size and metastasis in the mouse 4T1 breast tumor
model87. Recently, actein was found to suppress human

CLIMACTERIC 115



bladder cancer cell proliferation and induce autophagy and
apoptosis via activation of reactive oxygen species/c-Jun N-
terminal kinase and inhibition of the AKT/mammalian target
of rapamycin (mTOR) pathway. The latter is activated in
breast and other cancers, leading to tumor cell growth, pro-
liferation, metastasis, and angiogenesis, and is implicated in
endocrine resistance88–90. Additionally, CR and some of its
components activated 50 adenosine monophosphate-acti-
vated protein kinase (AMPK) to the same extent as metfor-
min91. AMPK activation and mTOR inhibition suppressed the
proliferation and angiogenesis of leiomyoma cells, and mTOR
inhibition decreased the tumor incidence, multiplicity, and
size in the Eker rat model for myoma92–94. AMPK activation
and mTOR inhibition may explain the observed shrinking of
myoma under iCR treatment.

Clinical findings suggesting osteoprotective effects of iCR
are supported by experimental data: iCR dose-dependently
increased osteoprotegerin production (and thereby the
osteoprotegerin–RANK ligand ratio) in human osteoblasts,
which inhibits osteoclast differentiation and activity and may
impede bone resorption95,96. The osteoblast differentiation
markers osteocalcin and alkaline phosphatase activity were
increased95,96. In the ovariectomized rat model for osteopor-
osis, iCR augmented bone density and quality97, protected
against bone loss, and increased trabecular bone structure
and resistance98. 25-acetylcimigenol xylopyranoside (ACCX), a
CR triterpene glycoside, inhibited osteoclastogenesis by abro-
gation of the nuclear factor-jB and ERK pathways induced
by RANK ligand or tumor necrosis factor-a99.

Oxidative stress and inflammatory processes play a signifi-
cant role not only in menopausal vasomotor symptoms but
also in the development and progression of osteoporosis,
(breast) cancer, myoma, and further age-related conditions
(e.g. cardiovascular disease and cognitive decline)100–103. As
iCR exhibited anti-oxidative and mitochondria-protective
effects104 and recent evidence demonstrated strong anti-
inflammatory effects for CR105, these effects may contribute
to iCR’s efficacy for vasomotor symptom and to possible add-
itional benefits for patients with breast cancer, myoma, or
risk for osteoporosis. With numerous mechanisms of action
that may explain such benefits, iCR offers an interesting field
for future research, especially for diseases with underlying
inflammatory, AMPK, or mTOR dysregulation.

Conclusion and practical consequences

In summary, the clinical data and our meta-analysis consist-
ently demonstrate that iCR/iCRþHP is an effective and safe,
evidence-based treatment option for natural neurovegetative
and psychological climacteric symptoms, meeting increasing
patients’ demands for non-hormonal, herbal therapies. As
benefits clearly outweigh risks, iCR/iCRþHP should be recom-
mended to these women. With its good safety profile in gen-
eral and at estrogen-sensitive organs, iCR can also be used in
patients with hormone-dependent tumors suffering from iat-
rogenic menopausal symptoms. However, this should not
take place in self-medication but under medical supervision.
Breast-cancer patients are not appropriate candidates for

non-supervised self-medication, and it seems reasonable that
HD iCR or alternatively iCRþHP are more effective in patients
with medication-induced symptoms. Breast cancer patients
taking iCR may possibly benefit from prolonged recurrence-
free survival, which should be confirmed by further clin-
ical trials.
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Abstract: Menopause is clinically diagnosed as a condition when a woman has not menstruated
for one year. During the menopausal transition period, there is an emergence of various lipid
metabolic disorders due to hormonal changes, such as decreased levels of estrogens and increased
levels of circulating androgens; these may lead to the development of metabolic syndromes including
cardiovascular diseases and type 2 diabetes. Dysregulation of lipid metabolism affects the body
fat mass, fat-free mass, fatty acid metabolism, and various aspects of energy metabolism, such
as basal metabolic ratio, adiposity, and obesity. Moreover, menopause is also associated with
alterations in the levels of various lipids circulating in the blood, such as lipoproteins, apolipoproteins,
low-density lipoproteins (LDLs), high-density lipoproteins (HDL) and triacylglycerol (TG). Alterations
in lipid metabolism and excessive adipose tissue play a key role in the synthesis of excess fatty
acids, adipocytokines, proinflammatory cytokines, and reactive oxygen species, which cause
lipid peroxidation and result in the development of insulin resistance, abdominal adiposity, and
dyslipidemia. This review discusses dietary recommendations and beneficial compounds, such as
vitamin D, omega-3 fatty acids, antioxidants, phytochemicals—and their food sources—to aid the
management of abnormal lipid metabolism in postmenopausal women.

Keywords: menopause; estrogen deficiency; lipid metabolic disorder; beneficial foods

1. Introduction

1.1. What Is Menopause?

Clinically, menopause is diagnosed when a woman has not menstruated for one year due to the
loss of ovarian follicular activity, which typically occurs at around 45–55 years of age [1]. In the USA,
spontaneous menopause occurs at 51 years of age, on an average. Generally, women live longer than
men, and the global average life span of women has been increasing. The median age of women has
been increasing gradually and is expected to reach 82 years by 2025 in developed countries. Therefore,
approximately one-third of women’s lives would be lived after menopause [2]. Menopause occurs
over several years and not at a single point in time. It is preceded by a stage where women experience
irregular menstrual cycle, referred to as menopausal transition (perimenopause), which involves
coping with the cessation of oocyte production in the ovaries [3].

Hormonal change is among the major physiological changes associated with menopause. Estrogen,
a primary female sex hormone, dictates the secondary sex characteristics and affects the development
and functioning of the female reproductive system. All estrogens are C18 steroids [4]. In addition to its
indispensable role in the development of female reproductive tissues and organs—such as breasts,
vagina, and uterus—estrogen is also involved in maintaining the function of these tissues and organs
during puberty, adulthood, and pregnancy. Estradiol (E2) is almost always present in the body of
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women of reproductive age, whereas estriol (E3)—which is produced by the placenta—is primarily
abundant during pregnancy and plays an important role in maintaining early-stage pregnancy [4].
During pregnancy, the E3 levels increase up to 1000-fold, while the estrone and E2 levels increase up to
100-fold. Thus, E3 can be measured in urine. Throughout the follicular phase of the menstrual cycle,
the thecal cells produce androstenedione, which functions as a metabolic precursor to estrone and
testosterone in the ovaries and peripheral tissues [5].

1.2. Dysregulation of Lipid Metabolism Due to Alterations in E2

During a woman’s fertile life, the average level of total estrogen is 100–250 pg/mL. However,
the concentration of E2 in circulation declines up to 10 pg/mL postmenopause [6]. This hormonal
menopause is associated with pathological menopausal syndromes, such as disturbances in sleep/mood,
vasomotor symptoms (including hot flashes and night sweats), urogenital atrophy, osteopenia and
osteoporosis, psychiatric disorders, sexual dysfunction, skin lesions, cardiovascular diseases (CVDs),
cancer, metabolic disorders, and obesity [7]. Women are at a higher risk of developing CVDs after
menopause due to estrogen deficiency and dysregulated lipid metabolism [8]. Estrogens, especially
E2, exert a protective role in the cardiovascular system and are produced primarily in the ovaries
via a process that uses low-density lipoprotein (LDL) cholesterol (LDL-C) as a substrate. However,
circulatory LDL-C cannot be utilized to synthesize estrogen during menopause, thereby resulting in
decreased estrogen production. Therefore, menopause is associated with increased blood LDL-C levels
and enhanced CVD risk [9].

Experimental data have demonstrated that E2 plays an essential role in the β-oxidation of fatty
acids in the mitochondria. In an aromatase (estrogen synthase) knockout mouse model, E2 was not
detectable in the liver tissue; additionally, decreased expression of mRNA was observed, along with a
lowered activity of enzymes involved in fatty acid metabolism. Importantly, E2 treatment resulted in
recovered mRNA expression and increased the activity of enzymes involved in fatty acid metabolism
in an estrogen synthase knockout mouse model [10]. In a postmenopausal model, female mice (aged
2–4 weeks)—after ovariectomy—exhibited decreased expression of nuclear receptors and proteins
needed for efficient energy expenditure, such as peroxisome proliferator-activated receptor (PPAR)
gamma γ, PPARδ, PCG1α, PCG1β, and ERR1—in the adipose tissue and muscle—relative to that in
the sham-operated control mice. Additionally, the ovariectomized (OVX) mice exhibited decreased
expression of enzymes involved in the β-oxidation of fatty acids and transcription factors required for
lipolysis [11]. Therefore, the depletion of E2 by ovariectomy or after menopause may downregulate the
expression of genes required for efficient energy expenditure as fuel sources in the human body and
genes involved in fatty acid metabolism or lipid catabolism, which may induce obesity or metabolic
disorders in postmenopausal women [12].

Menopause-induced estrogen deficiency may also lead to various metabolic disorders, including
dysregulated lipid metabolism. This review has two distinctive parts. The first part of the review
comprehensively summarizes the definition of menopause and postmenopausal physiology, including
hormonal change and dysregulation of lipid metabolism caused primarily due to alterations in E2
levels. The second half of the review provides practical and applicable daily dietary recommendations
and proposes food sources that would prove to be beneficial for postmenopausal women.

2. Lipid Metabolic Disorders Associated with Menopause

2.1. Menopause-Associated Changes in Fat Mass and Fatty Acid Metabolism

Aging is associated with changes in body composition, which affect physical activity and health
in humans [13]. Most studies suggest that the changes in the composition of the female body coincide
with menopause. Some of these changes can be partly explained by the impairment of the protective
role of estrogens and a relative increase in circulating androgen levels [14]. Previous studies have
demonstrated that endogenous sex hormones can influence the lipid profile in premenopausal and
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postmenopausal women because the receptors for estrogen and androgen are expressed in both
visceral and subcutaneous adipocytes. Therefore, changes in the levels of endogenous sex hormones
may affect lipid metabolism in the fat tissues of middle-aged women [15]. Postmenopausal women
are also reported to exhibit higher total body fat mass, fat percentage, and accumulation of central
fat than premenopausal women [16]. Kim et al. reported that although both premenopausal and
postmenopausal women exhibited similar mean body mass index (BMI) values, postmenopausal
women exhibited larger waist circumference [17]. A controlled longitudinal study reported that
postmenopausal women were at a significantly higher (2.88-fold) risk of developing abdominal obesity
than premenopausal women [18,19].

During menopausal transition—that usually spans 2–7 years—clinical changes occur in the body
composition due to aging and hormonal changes [20]. Ovarian estrogens increase the storage of
peripheral fat mainly in the gluteal and femoral subcutaneous regions, while androgens—primarily
bioavailable testosterones—augment the accumulation of visceral abdominal fat. The marked decrease
in estrogen concentrations accompanying relative hyperandrogenism is regarded as the main factor
that causes weight gain and redistribution of body fat in postmenopausal women [21].

A longitudinal community-based Study of Women’s Health Across the Nation (SWAN)—a
five-year follow-up study—reported that relative androgen excess (a higher baseline testosterone/E2
ratio) can predict incident of metabolic syndrome, including dysregulated lipid metabolism and
obesity, during menopausal transition [22]. This study reported that postmenopausal women had
2-fold higher visceral abdominal fat and subcutaneous adipose tissue (SAT) than premenopausal
women. However, the testosterone levels were similar among premenopausal and postmenopausal
women. This suggested that fat redistribution may be affected by a marked decreased in estrogen
levels but not by increased testosterone level [23]. Estrogen and androgen receptors are expressed in
visceral and subcutaneous fat cells. Therefore, changes in the levels of sex hormones can influence
lipid metabolism [24]. However, the levels of sex hormone-binding globulin also decrease at the onset
of menopause, which increases the levels of bioavailable testosterone. Thus, several studies have
suggested that augmented bioavailable testosterone can directly regulate the accumulation of visceral
fat through androgen receptors in the adipocytes of the abdominal fat [25]. Additionally, Ziaei et al.
reported that free testosterone correlated with the BMI and waist circumference in postmenopausal
women [26]. Oral administration of androgens to postmenopausal women preferentially augmented
the levels of visceral abdominal fat [27].

Excessive visceral abdominal fat can cause metabolic alterations, especially in fatty acid metabolism,
in postmenopausal women. Visceral fat is reported to be associated with a high lipolysis rate (breakdown
of triacylglycerol (TG) into glycerol and free fatty acid (FFA)), which results in an increased flux of
FFA to the liver and enhanced hepatic insulin resistance. One of the strategies for treating insulin
resistance involves elimination of the excess FFAs [21,28]. The adipose tissues of postmenopausal and
premenopausal women exhibit differential lipid metabolism. The basal lipolysis rate in the gluteal
adipose tissue of postmenopausal women was 77% lower than that in the gluteal adipose tissue of
premenopausal women. Further, the activity of adipose tissue lipoprotein lipase (AT-LPL)—which
catalyzes the conversion of TG into FFAs for uptake and storage of TG by the adipocytes and plays a
major role in the accumulation and distribution of fat stores—was significantly higher in the gluteal and
abdominal adipose tissues of postmenopausal women in than that of premenopausal women. Thus,
lower lipolysis rate and higher AT-LPL activity may predispose postmenopausal women to increased
accumulation of body fat after menopause [29,30]. Takahashi et al. comparatively evaluated fatty acid
metabolism between premenopausal and postmenopausal women. Interestingly, postmenopausal
women exhibited significantly higher concentrations of fatty acid metabolites, such as heptanoate
(C7:0), octanoate (C8:0), and pelargonate (C9:0), in the visceral fat (but not in subcutaneous fat) than
premenopausal women. This may result in enhanced fatty acid metabolite accumulation in the visceral
fat due to elevated lipolysis. The expression of transcripts encoding adiponectin, PPAR-γ, and fatty
acid transporter in the gluteal fat of estrogen-depleted postmenopausal women was significantly
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higher than in the gluteal fat of premenopausal women. These findings indicate that gluteal fat may be
insulin-resistant and might contribute to the accumulation of body fat after menopause, which may be
related to the development of metabolic syndrome [30,31]. Metabolic syndrome is defined as a cluster
of conditions characterized by impaired glucose metabolism, high blood pressure, central obesity,
and low LDL-C and high triglyceride levels [32]. Recent studies indicate that metabolic syndrome is
more prevalent among postmenopausal women than premenopausal women [33]. Importantly, half
of the postmenopausal, Iranian women have been reported to suffer from metabolic syndrome [34].
Therefore, preventive strategies must be devised for combating the impaired metabolic changes in
postmenopausal women.

2.2. Menopause-Associated Changes in Fat-Free Mass (FFM) and Basal Metabolism

One of the noticeable changes in body composition that is associated with the age of women is the
loss of FFM, or lean body mass (LBM). Generally, there is increased intra-abdominal adipose tissue and
decreased fat in the hip–thigh area among women [31]. Many cross-sectional studies using dual-energy
X-ray absorptiometry (DEXA) have reported that postmenopausal women exhibit lower FFM or LBM
in the whole body, trunk, and lower extremity regions than premenopausal women [35]. The loss of
FFM or LBM is likely to coincide with menopausal transition, which suggests that sarcopenia may be
related to the menopausal status [36]. Sarcopenia refers to the degenerative loss of skeletal muscle
that occurs at a rate of 3%–8% every 10 years after the age of 30 years, and accelerates with age. This
condition is associated with increased risk of functional disability, falls, fracture, and overall mortality
among the elderly [37]. Women develop sarcopenia earlier than men, and the incidence of sarcopenia
increases rapidly during the menopausal period [38]. Interestingly, a six-year follow-up study by
Poehlman et al. reported that menopausal women lost more FFM than age-matched premenopausal
women [36]. Recently, Kim et al. reported that one out of five relatively healthy Korean menopausal
women aged over 65 years exhibited a decrease in muscle mass, and 7.6% of the women exhibited a
decrease in muscle mass and strength. The study also reported that sarcopenia also intensified with
aging [39].

The loss of FFM or skeletal muscle induces an age-related decline in the basal metabolic rate
(BMR) [40]. The loss of FFM or LBM and gain of adipose tissue can alter the BMR. The BMR or
resting energy expenditure (REE)—which is the product of energy exchanges occurring in all human
cells—is the amount of energy—in calories—required to maintain biological life functions, including
the regulation of body temperature, contraction and relaxation of muscles, breathing, blood circulation,
cell growth, and functions of the brain and neurons [16]. Generally, BMR constitutes approximately
60%–75% of the diurnal calorie expenditure. However, BMR can vary highly among individuals [41].
FFM or skeletal muscle accounts for approximately 60%–85% of the body mass, which is regarded
as an energy consumer and a major determinant of REE [42], whereas fat mass acts as a storage site
for surplus energy. Therefore, changes in the body composition in women—around the menopausal
period—such as the loss of FFM leads to a decrease in the BMR. Thus, the physical body of menopausal
women expends less energy to maintain the basic life processes [43].

Although the causality between the incidence of sarcopenia and menopausal status is still
controversial [44], it is generally accepted that natural age-related menopause is associated with an
accelerated loss of FFM or skeletal muscle, which is associated with decreased energy expenditure
during rest and physical activity [45]. These changes may indicate alterations in energy metabolism.
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3. Menopause-Associated Changes in Lipid Metabolism

3.1. Lipids: Lipoproteins, Apolipoproteins, LDL-C, High-Density Lipoprotein (HDL) Cholesterol (HDL-C), and
TGs (Triglycerides)

3.1.1. Lipoproteins

Lipoproteins, which comprise proteins and lipids, play a major role in transporting the endogenous
lipids. These are circulating lipids that are not directly absorbed from the intestine but are processed
through various tissues, especially the liver. The lipoprotein fractions are classified as follows, based on
increasing density: chylomicrons, very-low-density lipoproteins (VLDLs), LDLs, and HDLs7 [46,47].

3.1.2. Apolipoproteins

Apolipoproteins are the protein components of lipoproteins that stabilize the lipoproteins when
they pass through the blood. Additionally, apolipoproteins are involved in several important functions,
such as conferring specificity to the lipoprotein complexes, which are recognized by specific receptors
expressed on cell surfaces.

3.1.3. LDL-C

LDL fraction—a major carrier of cholesterol—binds about 60% of the total serum cholesterol. The
function of LDL is to transport cholesterol to the tissues. Additionally, LDL-C forms a part of the plasma
membrane or can be converted into various metabolites, including steroid hormones [28]. Therefore,
the function of LDL is not restricted to depositing cholesterol and other lipids in the peripheral cells.
Furthermore, peripheral cells also express the LDL receptor, apoB-100. As LDL-targeted cells include
cells of the vascular endothelium, high concentration and activity of LDL have serious implications in
the etiology of CVDs [48]. LDL contributes to the formation of plaque, which is a thick, hard deposit that
can clog the arteries, thereby compromising the flexibility of arteries, resulting in atherosclerosis [49].
Patients with type 2 diabetes exhibit dyslipidemia characterized by low HDL and high TG levels due
to insulin resistance and increased levels of LDL [50].

3.1.4. HDL-C

The HDL fraction of serum lipoproteins inhibits the deposition of LDL-C. The major functions of
HDL are removing unesterified cholesterol (free cholesterol) from cells and removing cholesterol from
other lipoproteins. HDL delivers the cholesterol accumulated in various cells and lipoproteins to the
liver, where it is excreted via bile [51]. This is accomplished via two key properties of HDL. The first is
that HDL can bind to the receptors expressed on both hepatic and extrahepatic cells. These cells contain
receptors specific for HDL or LDL that can be bound by HDL through its apoE component. The second
property of HDL is by virtue of its apoA-1 component, which activates LCAT (lecithin-cholesterol
acyltransferase, also called phosphatidylcholine–sterol O-acyltransferase) [51], an enzyme that converts
free cholesterol into cholesteryl esters. The free cholesterol (recipient) substrate is derived from the
plasma membrane of cells or surfaces of other lipoproteins. Subsequently, the cholesteryl esters can be
exchanged between the plasma lipoproteins, which is mediated by a transfer protein, cholesterol ester
transfer protein (CETP). LCAT-mediated conversion of free cholesterol to cholesteryl esters facilitates
the delivery of cholesterol from nonhepatic cells as well as from other lipoproteins [51]. The cholesteryl
esters can be directly transported to the liver by HDL, or indirectly by LDL after the ester is transferred
from HDL to LDL by CETP. The esters accumulated in the liver cells can be hydrolyzed by cholesterol
esterase to release free cholesterol, which is excreted as a bile salt in the bile through a process called
reverse cholesterol transport. This is the main pathway for cholesterol excretion from the body [52].
HDL decreases the levels of accumulated cholesterol in the endothelium of blood vessels, which is
beneficial for the cardiovascular system and aids in preventing the formation of fatty plaques and
atherosclerosis [52]. One-fourth to one-third of blood cholesterol can be transported by HDL. Thus, an
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optimal HDL level may protect against heart attack and stroke, while low HDL levels are reported to
increase the incidence of coronary heart disease (CHD) [53].

3.1.5. Triglycerides

TGs (Triglycerides) are another type of fats that differ from lipoproteins in that TGs are involved in
energy metabolism. Most stored body fat is in the form of TGs, which represent a highly concentrated
form of energy and account for nearly 95% of dietary fat. To generate energy, fatty acids are released in
nonesterified form, which is the FFAs, from TGs in the adipose tissue. The FFAs are then transported
by binding albumin to various tissues for oxidation. Elevated blood TG levels are reported to be
associated with CVDs, type 2 diabetes, and atherosclerosis [54].

3.2. Menopause-Associated Alterations in Various Lipids

Menopausal women are at high risk for developing CVDs due to dysregulated lipid metabolism
and estrogen deficiency [55]. The SWAN study involved 2659 women with baseline ages ranging from
42 to 52 years who were in the premenopausal or menopausal transition states. The study reported
that the alterations in various body fats were related to the changes in the menopausal status and
concentrations of E2 and follicle-stimulating hormone (FSH). The alterations in various fats were
initiated during the late phases of menopause. The levels of total cholesterol, LDL, triglycerides,
and lipoprotein peaked during menopausal transition and the early postmenopausal stage [22,25].
The SWAN study also reported that the middle-aged women with the highest quartile E2 levels had
the lowest levels of total cholesterol and LDL, whereas women with the lowest quartile FSH levels
had the highest levels of total cholesterol and LDL-C. Lower levels of E2 and sex hormone-binding
globulin were associated with medium to low LDL concentrations, while higher levels of FAI (free
androgen index) were associated with higher cholesterol, TG, and LDL levels and lower HDL levels in
middle-aged premenopausal women [56]. The changes in sex hormone levels and lipid metabolism
may also increase the risk of CHD in women [23].

Moreover, several studies have reported that there is a positive correlation between menopausal
status and high levels of total cholesterol, LDL, apo-B, and high total cholesterol-to-HDL ratio [57,58].
Recently, Anagnostis et al. reported that the total cholesterol-to-HDL ratio also increased with
menopause. The total cholesterol-to-HDL ratio is a better indicator of CVD than total cholesterol
itself [59]. A community-based cohort study explored the changes in serum lipid profile during
menopausal transition in Chinese women. In total, 593 healthy women aged 35–64 years were
followed-up annually for up to 3 years. Menopausal transition in these women exhibited a correlation
with the serum lipid profile. The total cholesterol, TG levels, and total cholesterol-to-HDL ratio peaked
in women exhibiting menopausal transition compared with those in the premenopausal women.
Contrastingly, there was no significant change in HDL-C among the different menopausal status
groups [60]. LDL particle size and density also changed with the menopausal status. The levels of
small and dense LDL particles increased from 10%–13% in premenopausal women to 30%–49% in
postmenopausal women [16]. The small and dense LDL is reported to be an important determinant of
atherosclerosis and CVDs in postmenopausal women [61].

3.3. Correlation between Menopausal Status and HDL-C

Some studies have reported that HDL-C levels increase after menopause. The longitudinal
SWAN study reported that the HDL-C levels increase gradually from premenopause and peak during
menopausal transition. Subsequently, HDL-C levels gradually decline till late postmenopause [57].
However, some studies have indicated a decrease in the levels of plasma HDL-C. A cohort study on
541 healthy middle-aged women followed up through menopause reported that postmenopausal
women exhibit a decline in HDL-C levels (mean, 0.53–0.43 mmol/L) and a gradual increase in LDL-C
levels (mean, 3.14–3.33 mmol/L) [62]. Similarly, the Women’s Health in the Lund Area (WHILA) study
involving 6908 women reported that postmenopausal women exhibit significantly lower levels of
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plasma HDL-C than premenopausal women [63]. Additionally, follow-up data from the Healthy
Women Study demonstrated that menopausal transition was associated with decreased HDL-C levels
and increased LDL-C and TG levels relative to that in the postmenopausal stage [64]. The changes
in HDL-C accompanying the menopausal status may be more complex than that indicated by the
measurement of plasma levels of total HDL-C. Recent studies have suggested that the changes in
the proportion of HDL subclasses are more strongly associated with the menopausal status than the
changes in the total HDL-C. Most of the available evidence suggests that menopausal transition period
and menopause are characterized by increased levels of small HDL subfraction 3 cholesterol (HDL 3-C)
and decreased levels (by 25%) of large, buoyant, cardioprotective HDL subfraction 2 cholesterol (HDL
2-C). Additionally, the levels of small dense LDL particles increased up to 30%–49% in menopause [65].
Some studies suggest that HDL 2-C is more active in reverse cholesterol transport and has better
antiatherogenic properties than HDL 3-C [52].

3.4. Adiposity Associated with Menopause

The degree of accumulation of body fat is referred to as adiposity, which is commonly used
to indicate excess body fat [66]. A well-documented metabolic phenotypic feature observed after
menopause is an increased tendency for body fat deposition in the abdominal region with greater
waist circumference [43]. The rapid decline in ovarian function and the subsequent decline in the
production of circulating steroid-based sex hormones—such as estrogen—associated with menopause
results in increased overall adiposity, especially the abdominal visceral adiposity [67,68]. Increased
adiposity in postmenopausal women is significantly associated with hyperinsulinemia, which suggests
that insulin resistance may be responsible for the development of the key features of postmenopausal
dyslipidemia [69], obesity [70], metabolic syndrome [71], and type 2 diabetes [72].

Age-related loss of ovarian hormones was examined in human (menopause) and animal models.
Menopause induces the loss of ovarian hormones that contributes to alterations in the distribution of
adipose tissue. The significant decrease in both estrogen and progesterone due to follicular depletion
results in a more androgenic pattern of fat distribution (central or abdominal adiposity) [20]. OVX
mice—a surgical menopause model—exhibit a significant increase in body weight due to reduced
energy expenditure and increased food consumption. Additionally, several clinical disorders, such
as increased peripheral inflammation, augmented insulin resistance, and magnified adipose tissue
cells, have also been observed in the OVX mice [73,74]. However, the OVX mice recovered from these
clinical features upon being supplemented with estrogen (E2). Estrogen is also reported to exhibit a
strong inhibitory effect on key adipogenic genes, such as PPAR-γ, CEBPb (CCAAT-enhancer-binding
proteins), and lipin1 in non-OVX female and OVX female mice supplemented with estrogen [74].

The function of estrogens can be transduced by nuclear receptors—which belong to the superfamily
of nuclear receptors—that also act as transcription factors. There are two types of estrogen receptors:
estrogen alpha (ER α) and estrogen beta (ER β) receptors [75]. Both ER α and ER β are expressed in
the human subcutaneous and visceral adipose tissues [76]. The specificity of ER α lies in its ability
to regulate the activity of adipose tissue cells and fat distribution underlying sexual dimorphism.
Studies on male and female ER α whole-body knockout mice reported that the absence of ER α causes
a near doubling of adipocyte hyperplasia and hypertrophy, insulin resistance, hyperlipidemia with
smaller LDL particles, and glucose intolerance in both sexes, which suggests that estrogens play a
protective role against these phenomenon [77,78]. The knockdown of adipocyte-specific ER α (Adipo
ER α) is reported to increase the body weight, adipose tissue mass, and adipocyte size in females. This
indicated that adipocyte ER α regulates body fat distribution, adipose tissue inflammation, and fibrosis.
Thus, adipocyte ER α is necessary for mediating the beneficial effects of estrogen on metabolism [79].

Adipokines such as leptin, adiponectin, resistin, and ghrelin can modulate the size and number of
adipocytes and angiogenesis through the paracrine system, and are thus involved in regulating the
fat mass [80]. Moreover, adipokines are also involved in the regulation of blood pressure, blood clot
formation, lipoprotein metabolism, immune function, and inflammatory reactions [81]. Menopause is
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associated with marked elevation in the levels of leptin and resistin and downregulation of ghrelin and
adiponectin. Postmenopausal women with a history of hypertension exhibited increased blood leptin
levels [82]. Further, postmenopausal women with low bone mineral density exhibited significantly
high circulatory levels of adipocyte-secreted hormones (adiponectin, resistin, PAI-1, and adipsin) [83].
This indicated that altered adipokine levels may play a crucial role in the pathogenesis of metabolic
disorders, such as hypertension, CVD, and osteoporosis. High leptin levels along with low adiponectin
levels exert a positive effect on insulin resistance markers. Thus, adipocytokine levels may account for
postmenopausal dyslipidemia resulting from insulin resistance [84].

3.5. Obesity Associated with Menopause

Obesity is mostly defined as per the established classification metrics with respect to the BMI [66,85]
and as an abnormal or excess total body fat that presents a health risk [86]. BMI is a simple
index of weight-to-height (kg/m2), and the World Health Organization (WHO) defines obesity as
a BMI ≥ 30 kg/m2, overweight as BMI 25–29.9 kg/m2, and underweight as BMI < 18.5 kg/m2 [86].
Obesity is a precursor condition for various disorders, such as CVD, metabolic syndrome, and type 2
diabetes [87,88]. It is caused by a combination of both hereditary and environmental factors [89].
Women in midlife exhibit continuous weight gain. However, the reasons for increased obesity
among menopausal women are not fully understood and are contradictory. There are several
inconsistencies among studies that have reported a correlation between body mass and age among
postmenopausal women due to differences in study design, analysis, or the verifying control of
confounding variables [12].

One of the major reasons for increased obesity among menopausal women is the decreased level
of estrogens. Obesity is associated with a higher probability of surgical menopause, where the ovaries
are surgically removed by bilateral oophorectomy [2]. Clegg et al. demonstrated that the absence of
estrogens may be an important obesity-triggering factor [90]. Moreover, some studies have reported
that estrogen deficiency enhances metabolic dysfunction and predisposes the individual to type 2
diabetes, metabolic syndrome, and CVD [16]. Aromatase (estrogen synthase) knockout mice—that
cannot synthesize E2—are obese and insulin-resistant [91]. As described previously, ERα appears to be
a key regulator of obesity because ERα knockout mice exhibit increased obesity and glucose intolerance
compared with wild-type female mice [77,92]. A recent study reported that postmenopausal women
who have received aromatase inhibitors for the treatment of breast cancer exhibited higher body fat
percentage and insulin resistance than control subjects without a history of breast cancer [93].

A reduction in energy expenditure during midlife can also cause obesity during menopause.
According to a four-year follow-up study, women undergoing menopause exhibited a greater decrease
in energy expenditure than premenopausal women [94], which may be attributed to the reduction in
physical activity. The loss of LBM leads to a reduction in basal energy metabolism with aging [95]. A
population-based cross-sectional study involving 292 Brazilian women reported that a higher risk of
overweight/obesity was associated with (odds ratio (OR), 2.1; 95% confidence interval (CI) 1.233–3.622;
p = 0.006) a waist circumference >88 cm (OR, 1.7; 95% CI 1.054–2.942; p = 0.03) for inactive women.
Even after adjustment for age, menopause status, smoking, and hormone therapy, inactive women
were associated with a higher risk of diabetes mellitus (OR, 2.7; 95% CI 1.233–6.295; p = 0.014) and
metabolic syndrome (OR, 2.5; 95% CI 1.443–4.294; p = 0.001). These results suggest that the reduction in
energy expenditure due to a sedentary lifestyle before menopause may be associated with an increased
risk of developing obesity [96].

4. Menopause-Associated Alleviation of Dysregulated Lipid Metabolism

Dysregulation of lipid metabolism and accumulation of visceral adipose tissue after menopause
can be caused by estrogen deficiency. However, the effect of diet on obesity and metabolic syndrome is
still unclear. In this section, we would discuss diets that would help postmenopausal obese women
introduce important nutrients and beneficial compounds in their food.
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4.1. Dietary Recommendations

Hormonal and metabolic changes in women undergoing menopause are associated with increased
body weight and visceral fat accumulation, which results in the prevalence of high abdominal obesity.
As mentioned previously, insulin, total cholesterol, LDL-C, HDL-C, and total cholesterol-to-HDL ratio
are usually altered in postmenopausal women with a 50% risk of having metabolic syndrome [33]. In
this section, we will discuss the recommended diets for obese postmenopausal women. According
to the North American reference standards for nutrients, macronutrient portions should consist of
approximately 10%–35% protein-derived energy, 45%–65% carbohydrate-derived energy, and 20%–35%
fat-derived energy [97]. The requirements of several key nutrients, such as protein, vitamin D, vitamin
B-12, fiber, and fluid, must be met in a hypocaloric diet for older obese adults [98]. The 2013 American
Heart Association (AHA)/American College of Cardiology (ACC) Guideline for Obesity prescribed
the following methods to reduce food and calorie intake for weight loss: (a) 1200–1500 kcal/day for
women (kilocalorie levels are usually adjusted for the individual’s body weight), (b) a 500 kcal/day or
750 kcal/day energy deficit, (c) one of the evidence-based diets that restricts certain food types (such as
high-carbohydrate foods, low-fiber foods, or high-fat foods) to create an energy deficit and reduce
food intake. One of the above methods can be used to reduce food and calorie intake [99].

The current recommended dietary allowance (RDA) for dietary protein intake is 0.8 g/kg/day for
adults [100]. As per dietary reference intakes for Koreans 2015, the current dietary recommendation for
protein is 40–45 g/day for Korean women [101]. However, the prevalence of sarcopenia was recently
observed among postmenopausal women. Women develop sarcopenia earlier than men, and the
incidence of sarcopenia increases rapidly during the menopausal period [102]. Therefore, the loss of
skeletal muscle can lead to significant changes in amino acid metabolism as the skeletal muscle contains
53%–75% of all proteins present in the human body. Thus, low dietary protein intake may limit weight
loss and result in sarcopenia. However, this can be acutely reversed using nutritional adjustments and
exercise [103]. Moreover, several intervention trials have reported that the partitioning of weight loss
between fat and lean mass with a greater fat-to-lean mass ratio is present in middle-aged and older
women on a high-protein hypocaloric diet. Therefore, higher protein intake (1.0–1.2 g/kg/day) may
compensate for some loss of muscle mass during weight loss [104–106].

Low-energy diet is also recommended for postmenopausal women to prevent metabolic alterations.
A cross-sectional study involving 4984 Korean women reported that the traditional healthy diet
involving high consumption of sea fish, seaweeds, dairy products, cereals, fresh vegetables, and fruits
and low consumption of fast foods, animal fat-rich foods, sweets, and fried foods has a protective effect
against the dysregulation of lipid metabolism (lower TG and higher HDL-C). A healthy diet exhibits a
significant protective effect against metabolic syndrome among postmenopausal women relative to
that of a Western diet, which is unbalanced and has high energy, and abundant carbohydrates and
saturated fats (OR (95% CI) for highest vs. lowest quartile = 0.60 (0.41–0.86); p for trend = 0.004).
Additionally, a healthy diet exerts protective effects against blood pressure and TG levels—during
menopausal transition—and obesity and HDL-C among postmenopausal women [107].

4.2. Beneficial Foods and Their Sources for Postmenopausal Women

4.2.1. Vitamin D

Vitamin D is a unique nutrient as it can be synthesized by the body with the help of sunlight.
Therefore, vitamin D is not an essential nutrient. Most people do not require dietary vitamin D if they
are exposed to sufficient sunlight every day. Vitamin D—synthesized from sunlight or obtained from
food—is activated via chemical transformations in the liver and kidneys [108]. Although vitamin
D can be easily obtained, recent surveys indicate that many people, particularly African Americans
and Mexican Americans, suffer from vitamin D insufficiency [109]. According to a Korean National
Health and Nutrition Examination Survey 2010–2011, 65.9% of Korean men and 77.7% of Korean
women (age ≥ 10 years) exhibited below optimal levels of blood serum vitamin D (25-hydroxyvitamin
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D; 25(OH)D; 20 ng/mL) [110]. The prevalence of 25(OH)D deficiency (<10 ng/mL) was significantly
higher among women than that among men [111].

It is important to understand the role of vitamin D to examine the deficiency of vitamin D. Vitamin
D is the best-known nutrient among the various micronutrients and hormones which interact to
regulate the balance between blood calcium and phosphorus levels. Therefore, vitamin D is essential
for maintaining bone integrity [112]. Calcium is indispensable for the proper functioning of cells in all
body tissues, including muscles, nerves, and glands, which obtain calcium from the blood. Vitamin
D acts at three sites in the body to replenish the blood calcium levels [113]. The skeleton serves as a
vast warehouse of stored calcium that can be utilized when the blood calcium levels decrease. Only
two other organs can increase blood calcium, the digestive tract, which provides dietary calcium and
kidneys, which recycle calcium that would otherwise be excreted in the urine. Vitamin D functions
as a hormone as it is synthesized by one organ and acts on others [114]. In addition to regulation of
the bone mass, vitamin D functions at the genetic level to regulate cell growth, multiplication, and
specialization. Moreover, vitamin D affects over 30 body tissues, including hair follicles, reproductive
system cells, and immune cells [115].

Studies on the role of vitamin D suggest that vitamin D deficiency may cause several diseases,
including high blood pressure, CVD [116], some common cancers [117], infections (such as tuberculosis
and flu) [118], inflammatory conditions, autoimmune diseases (such as type 1 diabetes and rheumatoid
arthritis) [119], psoriasis [120], and multiple sclerosis [121], and that it is even associated with a higher
risk of mortality [122].

A recent study reported the correlation between serum 25(OH)D levels and the alteration of
lipid profile among postmenopausal women [123]. Vitamin D is a fat-soluble vitamin that can be
stored in the SATs. Interestingly, Holick et al. reported that the bioavailability of vitamin D decreases
in obese individuals. Thus, obesity—a major outcome of lipid metabolism dysregulation—is one
of the causes of vitamin D deficiency in obesity-related diseases [109]. A cross-sectional analysis of
292 postmenopausal women aged 50–79 years in the Women’s Health Initiative Calcium–Vitamin
D trial revealed that higher serum 25(OH)D levels were inversely correlated with adiposity, BMI,
and waist–hip ratio. This indicated that postmenopausal obese women are susceptible to vitamin
D deficiency [124]. Vitamin D deficiency is also associated with high TG levels in the blood. A
cross-sectional study involving 778 postmenopausal Korean women reported that women in the
lowest quartile 25(OH)D level (4.2–9.7 ng/mL) group were associated with a significantly increased
risk of metabolic syndrome (OR = 2.44, 95% CI: 1.32–4.48, p < 0.05) compared with that in women in
the highest quartile 25(OH)D level (19.9–55.9 ng/mL) group. Low serum 25(OH)D levels were also
associated with some metabolic disorders, especially elevated blood pressure (95% CI, 1.15–2.85) and
high TG level (95% CI, 1.64–4.57) [125]. The Korean National Health and Nutrition Examination Survey
(KNHANES 2008–2010) revealed that postmenopausal women in the highest quartile serum 25(OH)D
level group exhibited a significant decrease in the prevalence of elevated blood pressure, elevated
TGs, and reduced HDL-D when compared with the postmenopausal women in the lowest quartile
serum 25(OH)D level (p = 0.02, 0.014, and 0.002, respectively) group. This suggests that serum levels of
25(OH)D are significantly associated with a decrease in elevated blood pressure, elevated TG, and
reduced HDL-C levels in postmenopausal women [126].

In adults, inadequate vitamin D intake may lead to poor mineralization of the bone, which results
in osteomalacia, a painful bone disease in which the bones become increasingly soft, flexible, brittle, and
deformed. Low vitamin D levels among elderly individuals may result in painful joints and muscles.
Vitamin D deficiency also causes loss of calcium from the bones, which can result in osteoporotic
fractures [127]. Vitamin D supplementation is indispensable for menopausal women as it promotes
bone metabolism and prevents osteomalacia and osteoporosis [123].

A randomized controlled trial involving 76 healthy postmenopausal women with vitamin D
deficiency (defined as a 25(OH)D level < 75 nmol/L)—in which the vitamin D deficiency group
randomly received vitamin D 2000 IU once daily for 12 weeks—revealed that the lipid profile and
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blood pressure of the vitamin D deficiency group were not significantly different from those of
the control groups [128]. Various studies have demonstrated that low serum vitamin D levels are
correlated to several metabolic conditions, such as elevated TG, low HDL-C, and high blood pressure,
in postmenopausal women [129].

Interestingly, vitamin D has been reported to be important not only in alleviating metabolic
diseases, but also in improving the quality of life in postmenopausal women [130]. The intake of
calcium, vitamin D, and insulin along with isoflavones is reported to have a positive effect on the
quality of life parameters (hot flashes, anxiety, and depressive symptoms), sexual life [131], body
composition, and metabolic parameters in menopausal women. The ingestion of equal and resveratrol
is also recommended to improve the quality of life parameters, such as dryness of vagina, heart
discomfort, and sexual problems, in healthy postmenopausal women [132].

However, the role of vitamin D supplementation in preventing the alteration of lipid metabolism
in menopausal transition and postmenopausal women needs to be investigated further.

4.2.2. Dietary Reference Intake (DRI) and Food Sources of Vitamin D

DRI recommendations for vitamin D among adults are as follows: 5 µg/day (19–50 years),
10 µg/day (51–70 years), 15 µg/day (>70 years). The tolerable upper vitamin D intake for adults is
50 µg/day [133]. In the USA and Canada, milk (fluid, dried, or evaporated) is fortified with vitamin
D. Furthermore, 3/4 cup of enriched cereal, 3 oz (85 g) of sardines, 3 oz of salmon, 3 oz of tuna (light,
canned), 1 tablespoon of cod liver oil, and 1 cup of fortified milk contain 1, 5.8, 15.3, 5.7, 11, and 3.2 µg
of vitamin D, respectively. Additionally, exposure to sunlight promotes vitamin D synthesis in the
skin [134].

4.2.3. Omega-3 Fatty Acids

The human body can use carbohydrate, fat, or protein to synthesize almost all fatty acids, except
linoleic acid and linolenic acid [135]. The human cells cannot synthesize these two polyunsaturated
fatty acids (PUFAs) from starch. Moreover, the cells cannot convert linoleic acid to linolenic acid and
vice versa [135]. Therefore, linoleic and linolenic acids are essential fatty acids that must be obtained
from the diet.

Linoleic acid is a polyunsaturated omega-6 fatty acid family member that belongs to one of the
two families of essential fatty acids. Thus, the human body cannot synthesize linoleic acid from
other nutrients. If linoleic acid is consumed as a part of the diet, the human body can synthesize
other necessary omega-6 fatty acids, such as arachidonic acid, prostaglandins, leukotrienes, and
thromboxane [136]. Among them, arachidonic acid is the starting material for the synthesis of several
eicosanoids. Omega-6 fatty acids are abundant in various nuts and fatty seeds, such as flax seeds,
poppy seeds, sesame seeds, and their derived vegetable oils [137].

Linolenic acid is a polyunsaturated omega-3 fatty acid family member. Linolenic acid is an
essential fatty acid and thus must be acquired through dietary intake. Both linoleic and linolenic
acid fatty acids are members of a family of fatty acids, namely eicosapentaenoic acids (EPAs; 20:5
omega-3 fatty acid) and docosahexaenoic acid (DHA; 22:6 omega-3 fatty acid), that are of great interest
to scientists in relation to CVDs and human development. Although the human body can synthesize a
very small amount of these omega-3 fatty acids, they can be supplied through the consumption of oily
fishes (cod liver, herring, mackerel, salmon, menhaden, and sardine) or fish oils. These essential fatty
acids serve as raw materials for the synthesis of eicosanoids that function as hormones. EPA is a PUFA
that acts as a precursor for prostaglandin-3 (that inhibits platelet aggregation), thromboxane-3, and
leukotriene-5 eicosanoids. Eicosanoids affect multiple human body functions, such as the contraction
and expansion of blood vessels or muscles, blood coagulation, regulation of blood lipid metabolism,
and immune response to injury and infections, such as fever, inflammation, and pain, by slowing the
synthesis [138].
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Omega-3 fatty acids exert anti-inflammatory, cardioprotective, and insulin-sensitizing effects,
whereas omega-6 fatty acids exert proinflammatory effects and increase the risk of cardiometabolic
disorders and cancer [139]. A 25 year follow-up study reported that the supplementation of long-chain
omega-3 fatty acid and non-fried fish in young adulthood is inversely associated with the incidence
of metabolic syndromes later in life [140]. A 16 year follow-up study involving 84,688 female
nurses reported that women with a higher intake of omega-3 fatty acids had a lower risk of CHD.
Moreover, the inverse correlation of omega-3 fatty acid intake via fish consumption with CHD deaths
(multivariable relative risks for fish consumption five times per week, 0.55 (95% CI, 0.33–0.90) for CHD
deaths vs. 0.73 (0.51–1.04) was stronger than that for nonfatal myocardial infarction [141]. Western
diets are insufficient in omega-3 fatty acids and contain excessive amounts of omega-6 fatty acids.
Additionally, the ratio of omega-6/omega-3 fatty acids in the Western diet ranges from 15/1 to 16.7/1.
An omega-6/omega-3 fatty acids ratio of 4/1 is associated with a 70% decrease in total mortality. A
lower omega-6/omega-3 ratio was associated with decreased risk of breast cancer in women, while
the ratio of 2–3/1 suppressed inflammation in patients with rheumatoid arthritis [135]. Therefore,
supplementation of low omega-6/omega-3 fatty acids can be useful in the prevention of CVD, cancer,
and inflammation [135]. Postmenopausal women are reported to exhibit lower omega-6/omega-3 fatty
acid ratio than premenopausal women. Healthy postmenopausal women exhibited higher omega-3
fatty acid levels than women with diabetes or CHD. A significant shift in increased omega-6 and
decreased omega-3 was observed in diabetes and CHD [142]. Recently, omega-3 fatty acids were
reported to protect against obesity and metabolic syndrome, including the lipid alteration. Tardivo
et al. reported that oral supplementation of 900 mg omega-3 per day significantly decreased BMI,
waist circumference, blood pressure, serum triglyceride, interleukin (IL)-6, and insulin resistance in a
randomized controlled trial involving 87 postmenopausal Brazilian women [143].

4.2.4. Recommendations for Omega-3 Fatty Acid Intake

The consumption of optimal amounts of omega-3 and omega-6 fatty acids is required for obtaining
health benefits from essential fatty acids. In the cells, both types compete for the same metabolic
enzymes. Thus, excess omega-6 fatty acids prevent omega-3 fatty acids from interacting with the
enzymes that convert them to the required compounds [135]. A previous study suggested that rationing
between omega-3 and omega-6 fatty acids can promote health, but this is still controversial [144]. The
AHA recommends including two fatty fish servings totaling 8 oz (227 g) a week for a heart-healthy
diet [145].

4.2.5. Food Sources of Omega-6 and Omega-3 Fatty Acids

The food sources of linoleic acid, an omega-6 fatty acid, are seeds, nuts, vegetable oils (corn,
cottonseed, safflower, sesame, soybean, and sunflower), and poultry fat. Linolenic acid, an omega-3
fatty acid, is abundant in oils (canola, flaxseed, soybean, walnut, wheat germ; liquid or soft margarine
made from canola or soybean oil), nuts, and seeds (flaxseeds, walnuts, soybeans). The food sources of
omega-3 EPA and DHA are human milk, fish, and seafood (>500 mg per 3.5 oz serving), European
seabass (bronzini), herring (Atlantic and Pacific), mackerel, oyster (Pacific wild), salmon (wild and
farmed), sardines, toothfish (includes Chilean seabass), and trout (wild and farmed). Black bass,
catfish (wild and farmed), clam, cod (Atlantic), crab (Alaskan king), croakers, flounder, haddock, hake,
halibut, oyster (eastern and farmed), perch, scallop, shrimp (mixed varieties), sole, swordfish, and
tilapia (farmed) provide 150–500 mg omega-3 EPA and DHA per 3.5 oz serving. Cod (Pacific), grouper,
lobster, mahimahi, monkfish, red snapper, skate, triggerfish, tuna, and wahoo provide less than 150 mg
per 3.5 oz serving [135].

4.2.6. Antioxidants and Their Food Sources

Antioxidants are compounds that protect biomolecules from oxidation-mediated damage.
Oxidation can potentially damage the chemical components of the normal cell. Oxidative stress
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is defined as a derangement in the balance between oxidants and antioxidants, which damages
biological structures and contributes to disease progression [146]. Oxidative stress is reported to
cause damages to the cellular components, such as proteins, lipids, and DNA [147], and increases
the levels of proinflammatory cytokines, such as tumor necrosis factor and IL-1β [146]. Moreover,
oxidative stress is associated with various diseases, such as obesity, diabetes, metabolic syndrome,
insulin resistance, atherosclerosis, and CVD, as it is closely associated with chronic inflammation
and endocrine function of adipocyte [148]. Most recent studies have reported that estrogens exert
antioxidant activity by modulating the expression of antioxidant enzymes [6]. Sack et al. reported
that endocrine disruption in systemic oxidative stress at menopause could be attributed to a change in
the levels of E2, which exerts antioxidant activity [149]. Postmenopausal women administered with
E2 exhibited increased resistance to LDL oxidative modification and pro-atherogenic transformation.
However, this antioxidant action was reversed upon discontinuation of E2 administration [149]. Several
studies have reported that E2 dose-dependently inhibits the oxidation of LDL in various ex vivo
models [150]. Furthermore, E2 is reported to decrease the concentration of atherogenic plasma lipids,
ameliorate endothelial function and inflammatory homeostasis, and increases neuronal survival at
the metabolic level [151]. Therefore, postmenopausal women usually have less effective antioxidative
defense due to the loss of estrogens. Postmenopausal women are recommended to increase their intake
of exogenous antioxidants, such as vitamins (vitamin A, β-carotene, vitamin C, and vitamin E), plant
flavonoids, and soy isoflavones. These nutrients are commonly found in fruits, vegetables, soybean,
cocoa, and tea leaf extracts. The highest antioxidant content is found in almonds [152], artichokes,
blackberries, blueberries, cherries (sour), chokeberry [153], chocolate (dark, unsweetened), cloves,
ground cranberry juice, coffee, cranberries, grape juice, cranberry juice, pomegranate juice, pecans,
raspberries, spinach, strawberries, walnuts [154], and red wine [134]. Recently, the administration of
olive leaf extract [155] and Hawthorn fruit extract [156] was reported to improve serum lipid profiles in
OVX mice via elevating mRNA expression of adiponectin and PPAR-α. Generally, antioxidants have
characteristic molecular structures with multiple bonds and aromatic rings. This enables antioxidants
to function as reducing agents and to terminate oxidative chain reactions by binding free radicals
and inhibiting various oxidative reactions, such as lipid peroxidation [6]. Free radicals are atoms or
molecules with one or more unpaired electrons that render the atom or molecule unstable and highly
reactive [157]. Lipid peroxidation is initiated on the double bonds of plasma membrane fatty acids via
free radical attack. The lipid peroxidation products are highly reactive and dose-dependently affect cell
signaling, protein, and DNA [146]. Therefore, the oxidative stress-related diseases in postmenopausal
women can be prevented by oral administration of antioxidants. The oral administration of vitamin C
(ascorbic acid) and vitamin E (alpha-tocopherol) decreases TC, LDL-C, TG, lipid peroxide, glucose, and
glycated hemoglobin levels in diabetic and nondiabetic postmenopausal women receiving hormone
therapy [158]. This indicated that the co-administration of both vitamins can further enhance the
defense against oxidative stress, not only in the aqueous phase, but also in the lipid phase of the
mitochondrial membranes [159]. Supplementation with antioxidative vitamins A, C, E, and omega-3
fatty acids significantly decreased serum lipid peroxide levels in Korean postmenopausal women with
hypercholesterolemia. Furthermore, the dietary intervention might be more effective than hormone
replacement therapy (HRT). Additionally, the group subjected to a combination of HRT and dietary
intervention exhibited reduced levels of thromboxane B2 (TBX2), which is a strong prothrombotic
factor [160].

4.2.7. Phytochemicals and Probiotics

Phytochemicals are the nutrient components of plants that contain bioactive components, which
can alter the physiology of an organism. They have been used in foods for their sensory properties, such
as taste, color, texture, and aroma. However, the ability of phytochemicals to regulate physiology is
recently gaining attention. Several phytochemicals function as antioxidants, which protect DNA, lipids,
and other cellular components from oxidative stress. Some phytochemicals bind to gene sequences
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to regulate protein synthesis, mimic hormones, and affect blood chemistry [161]. One of the largest
phytochemical groups is the flavonoids. These are detected in several plant foods, such as whole
grains, vegetables, fruits, nuts, red wine, spices, and even dark chocolate.

Probiotics are microorganisms that can be used as dietary supplements. Probiotics aid in digesting
food, producing vitamins [162], or preventing intestinal infections. Interestingly, recent studies
have demonstrated that multistrain probiotic uptake improved iron uptake [163] and positively
modified vascular endothelial function among postmenopausal obese women by decreasing arterial
stiffness [164]. Here, we summarize various phytochemicals and probiotics among the natural food
sources that can exert antioxidant and anticancer effects, attenuate alterations in lipid profile, and
protect DNA [165].

1. Alkylresorcinols (phenolic lipids) in grains may exert a protective effect by decreasing the risks of
CVD, diabetes, and several cancers. The food sources of alkylresorcinols are whole grain, wheat,
and rye [166].

2. Allicin (organosulfur compound) exerts antimicrobial effects that may reduce ulcers and lower
blood cholesterol. The food sources of allicin are chives, leeks, garlic, and onions [167].

3. Carotenoids (including beta-carotene, lycopene, lutein, and hundreds of related compounds)
act as antioxidants and may reduce the risks of cancer and other diseases. The food sources of
carotenoids are highly pigmented fruits and vegetables (apricot, broccoli, cantaloupe, carrots,
pumpkin, spinach, sweet potatoes, and tomatoes) [168].

4. Capsaicin inhibits blood coagulation by decreasing the risk of fatal clots in the heart and arteries.
The food sources of capsaicin are peppers [169].

5. Curcumin acts as an antioxidant and anti-inflammatory agent, which may decrease blood
coagulation and suppress enzymes that activate carcinogens. The food source of curcumin is
turmeric, a yellow-colored spice [170].

6. Flavonoids (including flavones, flavanols, isoflavones, and catechins) exert an antioxidant effect.
They scavenge reactive oxygen species and carcinogens and bind to nitrates in the stomach, which
prevents the conversion to nitrosamines. Additionally, flavonoids inhibit cell proliferation. The
food sources of flavonoids are berries, black tea, celery, citrus fruits, green tea, olives, onions,
oregano, purple grapes, purple grape juice, soybean, soy products, vegetables, whole wheat, and
wine [165].

7. Genistein and daidzein (isoflavones) are phytoestrogens that are structurally similar to the female
sex hormone, estrogen and weakly mimic or modulate estrogen in the human body [171]. They
inhibit cell proliferation in the gastrointestinal (GI) tract, which may reduce the risk of breast,
colon, ovarian, prostate, and other estrogen-sensitive cancers and osteoporosis [172]. The food
sources of genistein and daidzein are soybeans, soy flour, soymilk, tofu, textured vegetable
protein, and other legume products.

8. Indoles (organosulfur compound) may trigger the production of enzymes that inhibit
carcinogen-mediated DNA damage and estrogen activity. The food sources of indoles are
cruciferous vegetables, such as broccoli, Brussels sprouts, cabbage, cauliflower, horseradish,
mustard greens, and kale [173].

9. Isothiocyanates (organosulfur compounds that include sulforaphane) function as antioxidants,
inhibit enzymes that activate carcinogens [174], and activate enzymes that detoxify carcinogens,
and thus reduce the risk of breast cancer and prostate cancer. The food sources of isothiocyanates
are cruciferous vegetables, such as broccoli, Brussels sprouts, cabbage, cauliflower, horseradish,
mustard greens, and kale.

10. Monoterpenes (including limonene) may trigger enzyme production to detoxify carcinogens and
inhibit cancer progression and cell proliferation. The food sources of monoterpenes are citrus
fruit peels and oils [175].
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11. Phenolic acids may promote enzyme production that increases the water solubility and excretion
of carcinogens. The food sources of phenolic acids are coffee beans, fruits (apples, blueberries,
cherries, grapes, oranges, pears, and prunes), oats, potatoes, and soybeans [176].

12. Resveratrol functions as an antioxidant and can suppress cancer cell growth. Additionally,
resveratrol reduces inflammation, LDL oxidation, and blood clot formation. The food sources of
resveratrol are red wine, peanuts, grapes, and raspberries [177].

13. Saponins (glucosides) may interfere with DNA replication and prevent cancer cell [178]
proliferation and stimulate immune response [179]. The food sources of saponins are soybean,
alfalfa sprouts, other sprouts, green vegetables, potatoes, and tomatoes.

14. Tannins act as antioxidants that may inhibit carcinogen activation and cancer progression [180].
The food sources of tannins are black-eyed peas, grapes, lentils, red and white wine, and tea [134].

15. Probiotics promote the digestion of food, produce vitamins [162], or protect probiotic bacteria
from intestinal infections. The food sources for probiotics are yogurt and other fermented foods.
The multi-strain probiotics also improve insulin resistance, endothelial dysfunction, and iron
uptake [164].

4.2.8. Whole Foods: Best Antioxidant Supplements

Generally, the body absorbs nutrients from a complex mixture in foods [181]. If the nutrients are
consumed in a purified and concentrated form, they are likely to interfere with the absorption of other
nutrients or with the absorption of other nutrients from foods consumed at the same time. These effects
are especially well-documented in case of minerals. For instance, zinc disrupts absorption of copper
and calcium, iron disrupts absorption of zinc, and calcium disrupts absorption of magnesium and
iron [182]. Among vitamins, vitamin C supplements enhance the absorption of iron, which may result
in enhanced iron absorption in susceptible individuals. A high dose of vitamin E interferes with the
functions of vitamin K, which delays blood clotting and increases the risk of brain hemorrhage [182] and
blocks the entry of useful vitamin E isomers into the bone [183]. The vitamin A precursor, beta-carotene,
impairs vitamin E metabolism [182]. These interactions serve as a drawback for the use of purified
supplements. Therefore, natural, whole foods are the best source of nutrients.

5. Conclusions

Women experience menopause with aging. Menopause may lead to various changes in lipid
metabolism due to reduced estrogen secretion. These changes include enhanced fat mass and decreased
FFM, which affects the BMR. Additionally, these changes increase the susceptibility to adiposity and
obesity. As menopause is associated with altered lipid levels and increased risk of metabolic disorders,
including CVD, postmenopausal women must consume recommended diets and beneficial foods.
The strength of this study is that the lipid metabolic disorders associated with menopause were
comprehensively summarized right from the basic physiological modifications, including alterations
in E2 to dysregulated lipid metabolism along with references. However, the limitation of this review is
that physical activity, which is a prominent factor affecting metabolic changes in menopausal women,
was not reviewed.

The correlation between the menopausal state and alterations in lipid metabolism should be
understood to prevent growing problems of obesity-related disorders, including metabolic syndrome.
To protect the cellular components from oxidative stress caused due to estrogen deficiency, further
studies are needed to develop energy-balanced dietary interventions, antioxidative foods—and their
sources—depending on the menopausal status. Menopause is associated with various alterations
in lipid metabolism due to estrogen deficiency. Therefore, supplying beneficial foods such as those
described in this review will enable postmenopausal women to counteract these changes.
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Abbreviations

E2 estrogen
E3 estriol
PPARα peroxisome proliferator-activated receptor α
PPARβ peroxisome proliferator-activated receptor β
PGC1α peroxisome proliferator-activated receptor gamma coactivator 1 α

PCG1β peroxisome proliferator-activated receptor gamma coactivator 1 β
ERR1 estrogen-related receptor 1
BMI body mass index
SWAN Study of Women’s Health Across the Nation
SAT subcutaneous adipose tissue
TG triacylglycerol
TC total cholesterol
FFA free fatty acid
AT-LPL adipose tissue lipoprotein lipase
FFM fat-free mass
LBM lean body mass
DEXA dual-energy X-ray absorptiometry
BMR basal metabolic rate
REE resting energy expenditure
VLDLs very-low-density lipoproteins
LDLs low-density lipoproteins
HDLs high-density lipoproteins
LCAT lecithin-cholesterol acyltransferase
CETP cholesterol ester transfer protein
CHD coronary heart disease
FSH follicle-stimulating hormone
WHILA Women’s Health in the Lund Area
OVX ovariectomized
CEBPb CCAAT-enhancer-binding proteins
ER α estrogen receptor α
ER β estrogen receptor β
Adipo ER α adipocyte-specific ER α

AHA American Heart Association
ACC American College of Cardiology
RDA Recommended dietary allowance
CVD cardiovascular disease
DHA docosahexaenoic acid
EPA eicosapentaenoic acid
PUFA polyunsaturated fatty acid
CHD coronary heart disease
HRT hormone replaces therapy
TBX2 thromboxane B2
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Introduction

Reduced level of  estrogen in the menopause women leads to 
a wide range of  symptoms. Hot flushes are the most common 
symptom of  menopause.[1] Racial and cultural differences play an 
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Abstract

Background: Complications of hormone therapy (as replacement) during menopause prompted us to research on alternative 
therapies including herbal therapy in this regard. Objectives: The effect of Salvia officinalis extract on symptoms of flushing, 
night sweat, sleep disorders, and score of forgetfulness in postmenopausal women on Namazi Hospital Bone Density Center 
in Shiraz 2015. Methods: In a double‑blind randomized controlled clinical trial, 66 postmenopausal women complaining of 
menopausal symptoms were divided into two groups of intervention and control, respectively. The intervention group received 
S. officinalis tablets (containing 100 mg S. officinalis extract), with a dose of three tablets a day for 3 months, while the control 
group received placebo tablets with the same prescription order. MRS (Menopause Rating Scale) and PSQI (Pittsburgh Sleep Quality 
Index) questionnaires were completed at the beginning and end of the study. The checklists of hot flushing and night sweating 
were completed a week before the intervention and at weeks 2, 4, 6, 8, 10, 12 during the intervention. Finally, the data were 
analyzed through SPSS

18
 software, using paired t‑test, ANOVA. A significant level of 5% was considered. Results: According to 

the paired t‑test, the mean score of flushing, palpitation, sleeping disorders, muscle and joint aches, depression, nervousness, 
anxiety, and sexual desire and satisfaction significantly decreased by 1.6, 0.4, 1.6, 2.1, 1.4, 1.2, 1.6, and 0.8 units, respectively, in 
the intervention group compared to the control group (P < 0.001). Therefore, the mean score of PSQI significantly decreased by 
3.8 units in the intervention group after the intervention (9.4 ± 3.7 vs 5.6 ± 1.9 (P < 0.05). Conclusions: Salvia extract improved 
menopausal symptoms such as flushing, night sweat, heart palpitations, muscle and joint pain, depression, anxiety, sleep 
disorders, and sexual desire.
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important role in the incidence of  flushing in eastern and western 
societies.[2] In the study, the prevalence of  flushing was reported 
46.4% and 41.2% in Spanish and American women and the 
prevalence of  night sweat was 34.7% and 36.9%, respectively.[3] 
In a study done in Tehran, the prevalence of  flushing and night 
sweat was reported 59.5% and 38.2%, respectively.[4] A study in 
gynecologic clinics at the Royal Women’s Hospital, Melbourne 
has been shown in postmenopausal women forgetfulness and 
less satisfying memory than women before menopause.[5] Other 
studies have also referred to sleep problems, hot flashes, mood 
disorders, sexual dysfunction, weight gain, and cognitive decline 
in postmenopausal women.[6‑8] Over the past decade, the use of  
complementary and alternative medicine (CAM) to treat female 
problems such as menopause, premenstrual syndrome, sexual 
disease has increased.[9‑14] The standard treatment for menopause 
symptoms is a hormonal replacement.[15]  The standard treatment 
for menopausal symptoms is hormone replacement therapy (7), 
which temporarily improves women's quality of  life, but can 
pose serious risks over the years.[16] There are many options for 
managing menopausal symptoms when they affect the quality of  
life.[17] The researchers reported that other interventions other 
than HT should be considered.[18] Phytoestrogen is one of  the 
alternative and supplement options. Phytoestrogens are plant 
compounds that have estrogenic activity.[19] Phytoestrogens can 
be found in a wide range of  herbal products such as valerian, 
Black cohosh, chamomile, Hypericum, Licorice, Fennel, Soya, 
Red clover, and Salvia. Salvia officinalis has numerous common 
names. Some of  the best‑known are sage, common sage, 
garden sage, golden sage, kitchen sage, true sage, culinary sage, 
Dalmatian sage, and broadleaf  sage. The specific epithet officinal 
refers to plants with a well‑established medicinal or culinary 
value.[20] The phytoestrogen flavonoids present in this plant is 
used to reduce menopause symptoms.[21] There is a limitation of  
studies on the effectiveness of  salvia in managing menopausal 
symptoms, as there are various studies on herbal medicine effects 
other than salvia on menopausal symptoms like black cohosh. 
Therefore, menopause is a turning point in the life of  women, 
and if  it is a physiological process and a general event, reducing 
estrogen secretion can cause many health problems. This 
physiological process has a number of  effects that are harmful 
to one’s life. As one of  the potential effects of  menopause and 
lowering sex hormones, are Complications of  Menopausal 
symptoms and reduced quality of  for women.[22,23]

Thus, obtaining accurate and reliable information from the 
practice of  primary care physicians is one of  the primary and 
essential needs of  women in the premenopausal phase. Women 
need to know what awaits them and whether their experiences are 
normal or not. Proper lifestyle is the cornerstone of  middle‑aged 
women’s health management programs. It can provide a basis 
for improving the quality of  physical and mental performance 
during the following years of  life.[24,25] Sanchez et al. found that 
as many as 80% of  women aged 18–55 have lifestyle‑related risk 
behaviors that are preventable.[26] It is also predicted that in 2020 
noncommunicable lifestyle‑related diseases will cause 7 out of  
10 deaths in developing countries.[27] The present study aimed 

to know the effect of  Salvia officinalis extract on symptoms of  
flushing, night sweat, sleep disorders, and score of  forgetfulness 
in postmenopausal women at Namazi Hospital Bone Density 
Center in Shiraz 2015.

Materials and Methods

The study is a double-blind randomized controlled clinical trial 
was carried out from July to November 2015, that approved by 
the  ethics committee of  shiraz university of  medical sciences and 
proposal No is: 94-10255, ethic code: IR.SUMS.REC.1394.185). 
The population of  this study consisted of  all menopause women 
who referred to Namazi Hospital Bone Density Center affiliated 
to Shiraz University of  Medical Sciences. Based on the Sadeghi 
et al. study in 2013 and the formula below, the sample size for 
each group is calculated 38. But, due to a financial constraint 
on the purchase of  a new kit for 5 people, the sample size for 
each group was reduced to 33 people.[28] However, during the 
study, 2 participants in the interventional group and 5 patients 
in the placebo group were excluded from the study due to 
incomplete use of  the pills, and finally, 59 patients completed 
the study [Figure 1]. Totally, 66 individuals were selected through 
purposive sampling technique and were divided into two groups 
using block permutation method. For example; group A, B as 
AABB, and another group of  BABA, were named. Sampling 
continued until samples were completed.

The inclusion criteria were postmenopausal women who were 
willing to participate in the study, no history of  taking any 
hormonal medicine, and no history of  allergy to herbal medicines. 
The exclusion criteria were an allergic reaction to medication and 
a lack of  interest in continuing participation.
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Before the intervention, obtaining the informed consent 
was done. The intervention group received S. officinal as 
tablets (containing 100 mg S. officinalis extract produced by 
Gol Daroo company in Isfahan), which was prescribed three 
tablets a day for 3 months, while the control group received 
placebo tablets (containing 100 mg starch produced by Shiraz 
Pharmacy University of  Medical Science) with the same 
prescription order and size in a packed in black cover with a 
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code. The study was conducted as a double‑blind study both 
researcher and patient. The following sections describe the 
questionnaires were completed by the women, and if  needed, 
the research was made clear. Then, women completed an 
informed consent, demographic, MRS questionnaire, and 
Pittsburgh Sleep Quality Index (PSQI) questionnaire initially. 
Then, they were asked to complete the checklists regarding 
the symptoms of  flushing and sweating (frequency, severity, 
duration) daily for about a week before the intervention and 
at weeks 2, 4, 6, 8, 10, 12 during the intervention. MRS and 
PSQI were refilled 3 months after the intervention. Menopause 
rating scale  (MRS) consists of  11 menopause symptoms in 
three domains: Physical (4 items), psychological (4 questions), 
and genitourinary (3 questions). Questions are measured with 
a 5‑point Likert scale from rating 1 (I do not have symptom) 
to 5 points (severe symptoms).

The total score is 11–55, and the higher the score, the more 
severe the symptoms. This tool was designed by Garage, and 
According to Heinemann, the MRS has internal consistency 
and a reliability coefficient 0.92 and Cronbach’s alpha 0.81.[29] In 
Iranian studies, instrument validity was determined by the content 
validity method and Cronbach’s alpha coefficient for measuring 
psychological symptoms  (0.81) and physical signs  (79.8%). 
Urinary symptoms were reported to be 78%, which is the basis of  
our study.[30] Pittsburgh Sleep Disorders Questionnaire (PQRS) 
was created in 1989 by Buysse et al. at the Pittsburgh Psychiatric 

Institute.[31] The questionnaire has nine questions in its original 
form, but since the 5th question contains 10 subquestions, the 
entire questionnaire has 19 items which are graded on a 4‑point 
Likert scale from 0 to 3. It can effectively evaluate sleeping by 
measuring seven domains: Subjective sleep quality, sleep latency, 
sleep duration, habitual sleep efficiency, sleep disturbances, use 
of  sleeping medication, and daytime dysfunction over the last 
month. Scoring of  the answers is based on a 0 to 3 scale, where 
3 reflects the negative extreme on the Likert Scale. A global sum 
of  “5” or greater indicates a “poor” sleeper. The sensitivity of  the 
PSQI questionnaire was 89.6%, the specificity 86.5%, the validity 
of  88%, and the scientific reliability with Cronbach’s score was 
83%.[32] The validity of  the Iranian version of  the questionnaire 
was determined in the study of  Hossein Ebadi, according to 
Montazeri and collegeouse in 2007 with a sensitivity of  90%, 
the specificity 87%, and Cronbach’s score of  88%, which is the 
basis of  this study.[33]

Statistical analysis
The data were analyzed through SPSS software. Before the 
intervention, ANOVA was applied to compare the mean 
score of  MRS and PQRS between both groups and a paired 
t‑test was used to compare the mean score before and after 
the intervention. Repeated measures ANOVA test was used 
to compare the frequency and severity of  flushing and night 
sweating in both groups. Besides, P  <  0.05 was considered 
statistically significant.

Enrollment
Assessed for eligibility (n = 66)

Excluded  (n = 0)
•   Not meeting inclusion criteria (n = 0)
•   Declined to participate (n = 0)
•   Other reasons (n = 0)

Randomized (n = 66)

Allocated to intervention (n = 33)
• Received allocated intervention (n = 33)
• Did not receive allocated intervention
 (give reasons) (n = 0)

Control group (n = 33)
• Received allocated intervention (n = 0)
• Did not receive allocated intervention
 (give reasons) (n = 0)

Lost to follow-up (give reasons) (n = 2)
Discontinued intervention (give reasons)
(n = 0)

Lost to follow-up (give reasons) (n = 5)
Discontinued intervention (give reasons)
(n = 0)

Analysed  (n = 31)
• Excluded from analysis (give reasons)
 (n = 2)

Analysed  (n = 28)
• Excluded from analysis (give reasons)
 (n = 5)

Allocation

Follow-Up

Figure 1: Consort Flow Diagram for sampling
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Results

Based on ANOVA test, mean age, menopause age, duration 
of  menopause, body mass index (BMI), duration of  marriage, 
number of  parity, pregnancy, and children, abortion were 
P = 0.747, P = 0.409, P = 419, P = 0.151, P = 0.069, P = 0.054, 
P = 0.079, P = 0.054, and P = 0.719 in the intervention and 
control groups; therefore, they were homogeneous with no 
significant statistical difference  (P  >  0.05). Demographic 
characteristics are shown in [Table 1]. Before the intervention, 
mean score of  PSQI (P = 0.384) and MRS (P = 0.842) showed 
no significant difference between both groups. The mean 
score of  severity of  flushing and night sweats a week before 
intervention (P = 0.33) and from 2 weeks (33.0) to 8 weeks after 
intervention (P = 0.225) showed no significant difference; it was 
significant at 10 (P = 0.003) and 12 (P ≤ 0.001) weeks after the 
intervention compared to the control group. According to the 
paired t‑test, the mean score of  flushing, palpitation, sleeping 
disorders, muscle and joint aches, depression, nervousness, 
anxiety, and sexual desire and satisfaction significantly decreased 
by 1.6, 0.4, 1.6, 2.1, 1.4, 1.2, 1.6, and 0.8 units, respectively, in 
the intervention group compared to the control group. The 
most and least decrease in menopausal symptoms has belonged 
to joint and muscular discomfort, which decreased by about 
1.2 units (2.8 ± 1.3 before and 0.7 ± 0.6 after intervention). 
Besides, using a paired t‑test, the mean of  forgetfulness score 
after intervention was reduced in comparison with before 
intervention in the salivary group, which was statistically 
significant (P < 0.001), but in the control group, there was no 
significant difference (P = 0.326). [Tables 2 and 3]. Repeated 
measures ANOVA revealed no significant difference in flushing 
frequency and severity between both groups before and at 2, 
4, 6, 8 weeks after the intervention. However, the difference 
was significant at 10 and 12  weeks after the intervention. 
No significant difference was reported in night sweating 
between both groups before and at 2, 4, 6, 8 weeks after the 
intervention. However, the difference was significant at 10 
and 12  weeks after the intervention  (P  <  0.001)  [Table  4]. 
Regarding the paired t‑test, the mean score of  PSQI significantly 
decreased by 3.8 units in the intervention group after the 
intervention (P < 0.05) [Table 5].

Discussion

The effect of  Salvia was studied on physical, psychological, and 
urogenital symptoms for 12 weeks. Finally, it was shown that 
Salvia significantly improved  this symptoms (except dementia, 
urinary incontinence, and vaginal dryness) compared to the 
control group. Plants containing phytoestrogens (estrogen‑like 
compounds) have a special place among plants, which are advised 
to treat menopausal symptoms.  Phytoestrogens (plant-based 
compounds) are non-steroidal plants[34,35] containing polyphenolic 
compounds with 1‑3 hydroxyl group (OH) similar to the hydroxyl 
group in phenolic estrogen circle.[36] Thus, a low level of  estrogen 
after menopause is relatively compensated by phytoestrogens to 
improve the symptoms of  menopause. Accurate pathophysiology 
of  hot flushes is complicated and unknown. However, there 
is the premise that the region of  temperature regulation is 
narrowed in women suffering from hot flushes which causes 
the increase of  sensitivity for temperature change and hot 
flashes.[37] Noradrenaline plays a leading role through adrenergic 
α2 receptors in regulating the temperature which causes vascular 
vasodilation and loss of  heat and decline of  central temperature. 
Gonadal steroids regulate the central noradrenaline[38]; there 
is the hypothesis that the decline of  sexual hormones causes 
an increase in hypothalamus noradrenaline and stimulation 
of  LHRH secretion for gonadotropins secretion. At the same 
time, increase in hypothalamus noradrenaline (not its peripheral 
metabolites) at the vicinity of  the center of  temperature 
regulation in LHRH neurons gives rise to hot flushes.[39] In the 
study is effective and another study is not effective in declining 
the menopause symptoms.[40] In the study in Iran, Perforate St 
John’s‑wort and chasteberry flower, which contain phytoestrogen, 
decrease the menopausal symptoms and hot flushes.[2] In this 
study, the post‑treatment score of  forgetting after the invention 
as compared with pre‑treatment has decreased 1 unit in common 
sage groups and this reduction of  forgetting score was statistically 
significant. However, it was not significant when compared with 
the control group. This has been known well that stopping of  
ovary estrogen can affect the cognitive performance in women; 
in contrast, treatment with hormone and phytoestrogen can 
minimize the cognitive changes in menopausal women. The 
role of  estrogen in cognitive performance is associated with the 
expansion of  estrogen receptors in some regions of  the brain 
related to learning and memory such as the hippocampus and 
basal forebrain.

In the study, common sage increased the memory and 
temper and this effect was applied through inhibition of  
acetylcholinesterase.[41] Similarly, Salvia has a protecting effect 
against toxic effects of  Aβ in the brain neurons. Rosmarinic 
acid in the Salvia has antioxidant and anti‑apoptosis effects and 
protects the neurons against the toxicity of  Aβ.[42] Also, in the 
study, Salvia enhanced the memory.[43] Study findings showed 
that the average of  post‑intervention sleep score in common 
sage groups has been decreased 3.8 unit when compared with 
preintervention and this decline of  sleep score was statistically 
significant. However, in the control group, after treatment, 

Table 1: Demographic characteristics of the sociaty reserch
Variable n (%) PV

Salvia officinalis extract Control
Education 0.783

Illiterate 6 (19.4) 4 (14.8)
Elementary 12 (38.7) 13 (48.1)
Secondary school 4 (12.9) 4 (14.8)
Diploma 8 (25.8) 5 (18.5)
Academic 1 (3.2) 1 (3.7)
Total 31 (100) 27 (100)

Occupation
Employed 2 (6.5) 2 (7.4) 0.604
Housewife 29 (93.5) 25 (92.6)
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the sleep score average remained the same. The studies show 
that isoflavonoids decrease insomnia among menopausal 
women.[44]  In a clinical trial in the Switzerland research on  
menopausal symptoms was showed the intensity and frequency 
of  hot flushes for two months was evaluated. Other variables 
including symptom in menopause scale (MRS) were evaluated at 
the beginning and after 2 months. The results showed that the 
average total number of  flushing and symptoms of  MRS scale 
was decreased weekly from 1 to 8 weeks significantly. A study 

concluded that Salvia has clinical value in the treatment of  hot 
flushes and associated menopausal symptoms. The results of  this 
study are similar to ours, but there is a difference in the duration 
and dosage of  treatment.[28] In another study, the common sage 
had no effect on the inhibition of  the reuptake of  serotonin and 
acetylcholinesterase[37]; therefore, understanding the impact of  
mechanisms of  Salvia calls for further studies.

The limitation of  this study was the preparation of  Salvia tablets 
(Salvia extract) and placebo in exactly the same color as possible. 
Since Salvia was used in herbal supplement, a comparative study 
of  herbal supplement and synthetic drugs is suggested to improve 
the symptoms of  menopause.

Conclusion

The study showed the influence of  Salvia extract on menopausal 
symptoms such as flushing, night sweats, palpitations, muscle 
and joint pain, depression, anxiety, sleep disorders, and sexual 

Table 2: Comparison of the average menopausal rating scale (MRS) before and after between the intervention and 
control groups

Variable Mean±SD P**
Intervention Group Group control

Hot flashes ‑ night sweats Before 1.46±1.84 1.62±1.64 0.588
After 0.37±0.16 1.58±1 1.7 <0.001

P* <0.001 0.326
Heart discomfort Before 1.13±4 0.7 1.36±2 1.3 0.197

After 0.58±0.26 1.38±1.29 <0.001
P* 0.001 0.326
Sleep problems Before 1.49±0 1.9 1.10±2.39 0.344

After 0.53±0.29 1.06±6 2.3 <0.001
P* <0.001 0.326
Joint and muscular discomfort Before 1.31±2.77 1.04±2.96 0.763

After 0.63±0.74 1.07±2.96 <0.001
P* <0.001 0.998
Depressive mood Before 1.37±2.00 1.29±2.04 0.953

After 0.71±5 0.6 1.23±2.04 <0.001
P* <0.001 1
Irritability Before 1.32±1.84 1.18±1.86 0.382

After 0.67±0.58 1.19±1.82 <0.001
P* <0.001 0.573
Anxiety Before 1.36±2.13 1.31±2.00 0.925

After 0.72±0.52 1.35±1.96 <0.001
P* <0.001 0.573
Physical and mental exhaustion Before 1.41±2.23 1.43±1.46 0.088

After 1.16±0.89 1.43±1.39 0.634
P* <0.001 0.326
Sexual problems Before 1.19±1.81 1.58±2.14 0.619

After 0.97±0.87 2.11±1.57 0.002
P* <0.001 0.326
Urinary incontinence Before 1.31±1.13 1.49±1.07 0.501

After 0.81±1.11 1.07±1.49 0.369
P* 0.016 1
Dryness of  vagina Before 1.25±1.19 1.47±1.36 0.83

After 1.06±1.21 1.36±1.47 0.7
P* 0.103 1
*Paired sample t‑test, **Independent t test

Table 3: Comparison of the impact of sleep before and 
after the intervention in the intervention and control 

groups based on PSQI questionnaires
Group Mean±SD P*

Intervention Group Group control
Before intervention 3.71±9.35 4.19±10.64 0.384
After intervention 1.94±5.61 4.16±10.57 <0.001
P** <0.001 0.573
*Independent t test, **Paired sample t‑test
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desire. Expansive use of  this plant can be suggested in case it 
is confirmed in further investigations. Regarding the effect of  
Salvia extract on some menopausal symptoms, it is suggested 
that multiple chemical compounds of  this plant can be isolated 
and its active compounds are investigated in studies similar to 
the present study.
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A B S T R A C T   

Introduction: The decrease in estrogen levels associated with menopause increases the risk of deficiencies of key 
micronutrients such as zinc and of disturbances in methylation cycle-related markers. The present study assesses 
the effect of 8-week Zn supplementation upon circulating concentrations of Hcy, B12, and Fol levels in a pop
ulation of postmenopausal women. 
Methods: Fifty-one postmenopausal women aged between 44 and 76 years took part in the study. Two ran
domized groups (placebo and zinc [50 mg/day]) were treated during 8 weeks. Nutrient intake was assessed 
based on the 72-hour recall method. Zinc was analyzed by flame atomic absorption spectrophotometry. Clinical- 
nutritional parameters were determined by enzyme immunoassay techniques. 
Results: Folate levels increased significantly (p < 0.05) in the zinc group on comparing the baseline versus follow- 
up values. Homocysteine decreased in the inter-group analysis (p < 0.05) after the intervention. Furthermore, 
higher folate (r = − 0.632; p = 0.005) and vitamin B12 (r = − 0.512; p = 0.030) levels were correlated to low 
homocysteine levels in the zinc group after the intervention, although the zinc intervention had the same effect 
on B12 levels in both groups. 
Conclusion: Zinc supplementation enhanced circulating folate and homocysteine by improving the folate values 
in the zinc-supplemented group and decreasing homocysteine levels inter-groups. Further studies involving 
larger samples and optimizing the doses and intervention period are needed to reinforce our main findings.   

1. Introduction 

Menopause is the time in life when menstrual cycles cease due to a 
diminished secretion of ovarian hormones [1]. The decrease in estrogen 
production could lead to changes in lipid profile, which together with 
certain menopausal physiological disorders, could disturb 
clinical-nutritional cardiovascular health related parameters, deriving 
in cardiovascular diseases [2,3]. Moreover, if this menopausal situation 
is not monitored, the risk of deficiencies in the nutritional status of 
numerous key micronutrients, such as minerals, is seen to increase [4]. 

Zinc (Zn) is one of the most important trace elements, and its defi
ciency is a major health problem worldwide [5]. Zn is a cofactor of more 
than 300 enzymes, carrying out its cardiovascular protective functions 
by combating oxidative stress and inflammation, which are risk factors 
for cardiovascular diseases [6]. Abnormalities in Zn homeostasis have 

been reported in patients with metabolic disorders [7,8], since Zn 
deficiency may cause multiple systemic disturbances, including cardio
vascular disease and dyslipidemia [9]. 

Supplementation of trace elements such as Zn with the aim of 
improving cardiovascular health is becoming increasingly popular [10]. 
Although several trials support the beneficial effects of Zn supplemen
tation upon regulating the cardiovascular profile, there is a lack of 
clarity in the data reported on the impact of Zn supplementation upon 
human health, especially in postmenopausal women [11]. In this regard, 
Zn status may also influence the circulating amounts of clinically rele
vant cardiovascular biomarkers such as homocysteine (Hcy), by 
increasing folate (Fol) and vitamin B12 (B12), which are inversely related 
to Hcy levels [12]. It is well documented that Fol and B12 deficiencies 
result in increased Hcy levels in aged populations such as post
menopausal women [13,14]. Recently, this relationship has been 
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explained, albeit in a Zn-supplemented younger population, by the fact 
that Zn, Hcy, Fol and B12 play an important role in the methylation 
cycle. In the case of Zn deficiency, Hcy concentrations seem to be 
increased due to disturbances in the methylation cycle [15]. In this line, 
two methionine synthase (MS) and betaine Hcy methyltransferase 
(BHMT), which are enzymes in Hcy metabolism, are Zn-dependent, 
being Zn deficiency an important factor in the increase in Hcy levels 
[16]. It therefore would be interesting to assess the possible influence of 
Zn upon Fol and B12 levels in order to elucidate possible alterations in 
Hcy metabolism in the postmenopausal population. 

To our knowledge, few data are available on the relationship be
tween Zn supplementation and Hcy cycle-related parameters in post
menopausal women. The present study assesses the effect of 8-week Zn 
supplementation upon circulating concentrations of Hcy, B12, and Fol 
levels, in a population of postmenopausal women. 

2. Materials and methodology 

2.1. Study design and intervention 

This is an eight-week, double-blinded, placebo-controlled, random
ized intervention trial. Participants were randomly assigned to one of 
two treatment groups: Zinc Group – 50 mg/day of Zn (ZG: 26 women) 
and Placebo group (PG: 25 women). Zn capsules were provided by SM 
Natural Solutions, Sabadell, Spain (Number 0B62713821). Placebo 
capsules were made of the same color and size as Zn supplements for 
identical taste and appearance. The manufacturer recommended a 
period of eight weeks in order to ensure the supplementation effects. The 
supplementation period took place in winter from January 15th to 
March 15th. 

Adherence to both Zn and Placebo interventions was checked as the 
percentage of capsules ingested during the intervention period. In order 
to verify the adverse effects, the safety and the efficacy of the product, 
two biochemical analytics were performed at baseline and follow-up. 
Written informed consent was obtained from all patients. The inter
vention was conducted according to the principles of the Declaration of 
Helsinki and the approval by the Ethics Committee of the University of 
Granada (149/CEIH/2016), in accordance with the International Con
ference on Harmonization/Good Clinical Practice Standards. The study 
was registered at the US National Institutes of Health (ClinicalTrials. 
gov) NCT03672513. 

2.2. Study participants 

51 healthy postmenopausal women volunteers from the province of 
Granada, Spain, aged between 44 and 76 years, were recruited once 
informed consent was signed. All participants are derived from a larger 
cohort of postmenopausal women [17]. Inclusion criteria were (i) to 
present postmenopausal status (with at least 12 months of amenorrhea), 
(ii) to present baseline plasma Zn (one to five days before the inter
vention) determined by flame atomic absorption spectrophotometry 
(FAAS), (iii) to be non-sedentary, (iv) to smoke and drink alcohol in 
occasional and moderate quantities, (v) to present normal parameters of 
a routine hospital laboratory analysis. Exclusion criteria were (i) not to 
accept the randomization procedure, (ii) to take vitamin and mineral 
supplements, (iii) to present any pathology that could affect their 
nutritional status (i.e., the main components of metabolic syndrome, 
celiac disease, bulimia and anorexia), (iv) to be subjected to hormone 
replacement therapy, (v) not to present systemic inflammatory status 
(C-reactive protein was included as a reference biomarker to assess 
inflammation status of the participants at baseline). 

Randomization was performed in a 1:1 ratio using a table of random 
numbers, prepared by a researcher who did not participate in the data 
collection. Allocation concealment was ensured by not releasing the 
randomization code until the participants were recruited into the trial 
after all baseline measurements were completed. Women were 

randomly assigned (simple randomization) to study groups (parallel 
design). Both study participants and investigators were blinded to the 
group allocation. 

2.3. Body composition analysis 

We measured the participants height with a stadiometer (Seca, 
model 213, range 85–200 cm; precision: 1 mm; Hamburg, Germany). 
Body weight was assessed with bioelectrical impedance (Tanita MC-980 
Body Composition Analyzer MA Multifrequency Segmental, Barcelona, 
Spain). The analyzer complies with the applicable European standards 
(93/42EEC, 90/384EEC) for use in the medical industry. BMI was ob
tained as weight (kg)/ height (m2). Participants were informed in 
advance of the required conditions prior to the measurement: (i) no 
alcohol intake the previous 24 h, (ii) no vigorous exercise 12 h before the 
measurement, (iii) no food or drink intake less than 3 h prior to the 
measurement, and (iv) no urination immediately before the 
measurement. 

2.4. Nutrient intake 

Dietary nutrient intake was assessed and administered by a profes
sional dietitian before and after intervention using a manual 72 h-recall, 
including one weekend day. Recall accuracy was recorded with a set of 
photographs of prepared foods and dishes that are frequently consumed 
in the region where the study was performed. Dietowin software (7.1. 
version, Barcelona, Spain) was employed to quantitatively convert food 
intake to both energy and micronutrients, determining their adequacy 
according to the Recommended Dietary Allowance (RDA) for the 
menopausal Spanish population [18]. 

2.5. Sample treatment 

Plasma samples were obtained through a blood extraction which was 
centrifuged at 4 ◦C during 15 min at 3000 rpm in the morning in fasting 
conditions before and after intervention. To obtain erythrocyte aliquots, 
3 mL of 0.9% sodium chloride solution was employed during 4 eryth
rocyte washes, centrifuging for 15 min at 3000 rpm after each wash. The 
samples were stored at − 80 ◦C for further analysis. All samples were 
measured in one run, in the same assay batch and blinded quality control 
samples were included in the assay batches. 

2.5.1. Measurement of biochemical parameters 
Biochemical parameters such as glucose, urea, uric acid, albumin, 

prealbumin, creatinine, total bilirubin, transferrin, total proteins, tri
glycerides, Hcy, C-reactive protein (CRP), lactate dehydrogenase (LDH), 
triglycerides, high density lipoprotein (HDL), low density lipoprotein 
(LDL) and total cholesterol, were determined in the Analysis Unit at the 
Virgen de las Nieves Hospital, Granada (ECLIA, Elecsys 2010 and 
Modular Analytics E170, Roche Diagnostics, Mannheim, Germany). All 
reference values were provided by the Analysis Unit. Zn content was 
analysed by FAAS (Perkin Elmer A. Analyst’300 Norwalk, CT, USA), 
previous wet-mineralized way, in the Scientific Instrumentation Center 
(SIC) from the University of Granada. Accuracy of the method was 
evaluated by analysis of a Certified Reference Material (SeronormTM 
Trace Elements ref. MI0181 SERO AS, Billingstad, Norway), at different 
optimal wavelengths (slit 0.7 nm), using a flow rate (Air/C2H2) of 10/ 
1.9 L min− 1, and a five-point calibration curves (r2 = 0.9997). The 
reliability was established by setting cut-off scores and considering a 
sample to be valid and reliable if it showed a coefficient of variation (CV) 
of less than 5% and an inter-class correlation coefficient (ICC) above 
0.90. Fol and B12 were measured in SIC using a DxI® Autoanalyzer 
(Beckman Coulter, CA, USA) employing a competitive electro
chemiluminescence immunoassay for quantitative determinations. The 
reference values of Zn, Fol and B12 were provided by the SIC. 
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2.6. Statistical analysis 

All calculations were performed using the SPSS 22.0 Software for 
MAC (SPSS Inc. Chicago, IL, USA). Previously, a sample size calculation 
was estimated to determine the effect of a 50 mg/day Zn intervention 
upon Hcy levels in menopausal women. To our knowledge, no infor
mation is available on differences in means and standard deviations in 
Hcy response to Zn treatment compared to a PG. The sample size 
calculation was determined by applying a two-factor repeated measures 
ANOVA test being considered an effect size of 0.20 (effect size f, mod
erate), an alpha error of 0.05 and a power of 90%. Based on sample size 
calculations it was determined that a total sample size of 46 participants 
would be needed (G*Power, version 3.1.9.6; Universität Kiel, Germany). 
Descriptive analysis was presented as mean and standard deviation (X ±
SD). The hypothesis of normal distribution was accepted using the 
Kolmogorov-Smirnov test as a previous step to the execution of a 
parametric model or not. For the comparative analysis based intra-group 
and inter-group, the paired and unpaired t-tests for parametric samples 
were used, respectively. Correlation analyses and partial correlation 
coefficients were performed with Pearson test. Significance was set at p- 
value < 0.05. 

3. Results 

All participants self-reported 100% adherence to the intervention in 
both PG and ZG. The baseline characteristics of the postmenopausal 
population by group are presented in Table 1. In relation to the 
anthropometric parameters, the total population presented type I 
overweight on average. In terms of nutrient intake, energy consumption 
was seen to be below the reference values. With regard to the intake of 
micronutrients, Zn intake was below 50% of RDA, and reached over 
100% of RDA after the Zn intervention in ZG. Moreover, two-thirds of 
Fol intake were not covered by 66% of the total population, and B12 
intake was above the reference values in both groups. The biochemical 
parameters did not show mean differences at baseline. 

The supplementation protocol has been published elsewhere. In 
summary, Zn status was assessed prior to the intervention, evidencing a 
deficient plasma and erythrocyte Zn status in 58.3% and 54.2% of all 
postmenopausal women, respectively. After Zn supplementation in ZG, 
the deficient plasma Zn levels were corrected by 50% of baseline Zn 
deficient intervened women (p < 0.001), and erythrocyte Zn deficiency 
was almost completely corrected (p < 0.001) [19]. Fig. 1 shows effect of 
placebo and zinc interventions upon main parameters of the study by 
groups. Fol values were within the reference ranges, increasing signifi
cantly (percentage change: 14.9% in ZG versus − 6.48% in PG) after Zn 
supplementation in ZG (p < 0.05). In relation to B12, although the levels 
were within normal limits in both PG and ZG, this parameter increased 
significantly after the intervention in both groups (p < 0.05). The Hcy 
levels in turn were above the reference values in PG, and significantly 
higher than in ZG after the intervention (percentage change: − 5.41% in 
ZG versus 9.09% in PG) (p < 0.05). 

Fig. 2 shows the bivariate Pearson correlation coefficients between 
Hcy-related parameters of the study by groups. With regard to the 
relationship between erythrocyte Zn and Hcy (Fig. 2A and B), no sig
nificant associations were observed by groups (all p > 0.05). When 
relating B12 and Hcy (Fig. 2C and D), a significant inverse correlation 
was found for ZG (p = 0.030). In case of the Fol and Hcy (Fig. 2E and F), 
the indirect significant correlation only was observed too for ZG 
(p = 0.005). 

4. Discussion 

The current study, which to our knowledge is the first of its kind in a 
postmenopausal population, was designed to investigate the effective
ness of an 8-week Zn intervention upon circulating concentrations of 
Hcy, vitamin B12, and Fol levels in a population of postmenopausal 

women. The results of our study showed a decrease of Hcy levels at the 
end of the intervention inter-groups. Moreover, the postmenopausal 
women supplemented with Zn were seen to increase their Fol levels to 
within the reference ranges, compared to the baseline values. Interest
ingly, this improvement in Fol levels was correlated to a decrease in 
plasma Hcy in this group. Likewise, B12 was inversely related with Hcy 

Table 1 
Baseline characteristics of the study population.  

Features Reference 
values 

Total 
population 
(n = 51) 

ZG (n =
26) 

PG (n =
25) 

P- 
value 

Baseline (X 
± SD) 

Baseline 
(X ± SD) 

Baseline 
(X ± SD) 

Age (Years) – 58.3 ± 8.67 57.1 ±
8.34 

59.7 ±
9.15  

0.167 

Weight (Kg) – 68.1 ± 12.8 67.7 ±
14.4 

69.2 ±
11.0  

0.687 

Height (cm) – 158.8 ±
6.24 

160.3 ±
6.31 

157.2 ±
6.01  

0.086 

BMI (Kg / m2) 22.0–25.0 26.9 ± 4.54 26.2 ±
4.56 

28.0 ±
4.31  

0.150 

Energy intake 
(Kcal) 

2000.0 1414.9 ±
341.8 

1487.9 
± 385.5 

1339.5 
± 283.1  

0.130 

CHO intake 
(g/day) 

275.0 149.8 ±
39.7 

154.1 ±
39.8 

146.6 ±
40.3  

0.520 

Protein intake 
(g/day) 

50.0 61.8 ± 14.2 63.8 ±
14.4 

59.7 ±
14.2  

0.316 

Fat intake (g/ 
day) 

70.0 62.2 ± 22.6 67.7 ±
26.1 

56.1 ±
17.2  

0.073 

Zn intake 
(mg/day) 

12.0 6.24 ± 3.67 5.82 ±
1.39 

6.74 ±
5.16  

0.383 

Folic acid 
intake (µg/ 
day) 

400.0 240.8 ±
85.4 

246.1 ±
80.8 

238.2 ±
92.2  

0.750 

Vitamin B12 

intake (µg/ 
day) 

2.40 5.29 ± 4.79 5.75 ±
5.45 

4.80 ±
4.14  

0.496 

Glucose (mg/ 
dL) 

70.0–110.0 93.2 ± 17.9 90.6 ±
16.0 

96.0 ±
19.8  

0.295 

Urea (mg/dL) 10.0–50.0 34.7 ± 9.23 33.3 ±
8.20 

36.3 ±
10.2  

0.262 

Uric acid (mg/ 
dL) 

2.40–5.70 4.39 ± 0.99 4.28 ±
1.00 

4.50 ±
0.98  

0.436 

Albumin (mg/ 
dL) 

3.50–5.20 4.42 ± 0.22 4.37 ±
0.22 

4.48 ±
0.21  

0.070 

Prealbumin 
(mg/dL) 

20.0–40.0 25.4 ± 4.23 24.6 ±
3.50 

26.6 ±
5.02  

0.133 

Total bilirubin 
(mg/dL) 

0.10–1.20 0.48 ± 0.15 0.47 ±
0.17 

0.49 ±
0.13  

0.533 

Transferrin 
(mg/dL) 

200.0–360.0 278.0 ±
45.3 

273.0 ±
48.6 

285.8 ±
39.6  

0.381 

Total proteins 
(g/dL) 

6.60–8.80 7.08 ± 0.53 7.05 ±
0.62 

7.11 ±
0.43  

0.705 

CRP (mg/L) < 5.00 0.29 ± 0.33 0.29 ±
0.39 

0.29 ±
0.24  

0.994 

LDH (U/L) 110.0–295.0 183.0 ±
54.2 

183.2 ±
69.8 

182.8 ±
29.3  

0.975 

Triglycerides 
(mg/dL) 

50.0–200.0 106.6 ±
76.1 

98.2 ±
82.7 

115.8 ±
68.9  

0.419 

HDL (mg/dL) 40.0–60.0 66.7 ± 16.2 70.4 ±
19.3 

62.6 ±
11.2  

0.089 

LDL (mg/dL) 70.0–190.0 126.8 ±
33.8 

119.6 ±
31.3 

134.4 ±
35.3  

0.123 

Total 
cholesterol 
(mg/dL) 

110.0–200.0 218.3 ±
36.5 

212.8 ±
33.1 

224.1 ±
39.7  

0.279 

n = 51. PG = Placebo Group. ZG = Zinc Group. BMI = Body Mass Index. CHO =
Carbohydrates. Zn = Zinc. CRP = C-reactive protein. LDH = Lactate dehydro
genase. HDL = High density lipoprotein. LDL = Low density lipoprotein. Base
line values are expressed as mean (X) ± standard deviation (SD). For inter- 
groups p-value, unpaired t-student test was used. Intake reference values were 
obtained from the Reference Dietary Intakes (RDI) for the Spanish Population 
[18]. Reference values from biochemical parameters were provided from the 
Virgen de las Nieves Hospital and the Scientific Instrumental Center, Granada. 
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levels, but, regretfully, the intervention had the same effect upon B12 in 
both groups. 

Zn status in humans depends on multiple factors (e.g., gender, age, 
physiological condition and diet), with Zn intake being the main 
contributor to Zn levels [20]. In our study, low Zn intake (below 50% of 
RDA) before the intervention was reported. The main cause of Zn defi
ciency is inadequate dietary intake, which is common in many parts of 
the world and is further increased in populations at risk, such as post
menopausal women [21]. Folic acid intake was found to be below 
two-thirds of RDA in 66% of our postmenopausal population. Some 
authors have found Fol intake to decrease with age, with inadequate 
nutrient intake being most notorious in postmenopausal women, with 
the RDA for Fol not being covered in 75% of the cases [22]. Some studies 
have reported lower rates of inadequate Fol intake in other European 
countries, where deficiency was found to range from 17.6% to 45.9% in 
women older than 64 years [23]. With regard to B12 intake, our results 

evidenced sufficient intake, which is not consistent with the above
mentioned study conducted in postmenopausal women, where lower B12 
intakes were recorded [22]. 

Approximately 60% of the postmenopausal population in our study 
presented Zn deficiency in both the plasma and erythrocyte compart
ments. In this line, recent studies have found high rates of hypozincemia 
in elderly women [24]. This tendency seems to be less manifest in 
women of childbearing age, where lower deficiency rates (30%) have 
been found compared with the present study [25]. Moreover, our results 
showed a significant increase in both erythrocyte and plasma Zn levels 
in ZG after the Zn intervention, reversing most of the initial deficiency 
seen in both compartments. In this sense, a previous study reported that 
plasma Zn levels were significantly lower than when postmenopausal 
subjects were intervened with Zn [26]. Humans respond better to a Zn 
intervention when Zn status is low, as seen in a study performed in a 
cohort of Zn-intervened postmenopausal women who were adapted to a 

Fig. 1. Effect of placebo and zinc interventions upon main parameters of the study by groups. n = 51. Baseline (Pre) and follow-up (Post) values are expressed as 
mean (X) ± standard deviation (SD). Mean changes intra-group are expressed as mean change (%). Both for intra-group and inter-groups p-value, paired and un
paired t-student test was used. Reference values were provided from the Virgen de las Nieves Hospital and the Scientific Instrumental Center, Granada: Fol 
= 2.70–17.0 ng/mL; B12 = 190.0–900.0 pg/mL; Hcy = < 13 µmol/L. Abbreviations: Zn = Zinc. PG = Placebo Group. ZG = Zinc Group. Fol = Folate. B12 = Vitamin 
B12. Hcy = Homocysteine. 

Fig. 2. Bivariate Pearson’s correlation coefficients between homocysteine-related parameters of the study by groups. (A) Erythrocyte Zn and Hcy in PG. (B) 
Erythrocyte Zn and Hcy in ZG. (C) B12 and Hcy in PG. (D) B12 and Hcy in ZG. (E) Fol and Hcy in PG. (F) Fol and Hcy in ZG. Abbreviations: Hcy = Homocysteine. Fol =
Folic Acid. B12 = Vitamin B12. PG = Placebo Group. ZG = Zinc Group. 
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Zn intervention within 8 weeks [27]. It should be noted that plasma Zn is 
characterized by rapid dynamics, increasing the risk of suffering several 
pathophysiological alterations in response to numerous conditions [28]. 
In this line, the regulation of cellular Zn is complex, and may involve 
several mechanisms to take into account for regulating cellular Zn 
turnover besides plasma and erythrocyte Zn [29]. Thus, cellular bio
markers such as erythrocyte Zn may not be a sensitive and a reliable 
marker of Zn status as previously described [30]. Accordingly, the 
observed increase in plasma and erythrocyte Zn levels, that could reflect 
genuine improvement of Zn status after Zn supplementation, should be 
interpreted with caution. 

In our study, the plasma Fol values increased significantly in the Zn- 
supplemented group after the intervention. Published information on 
the effect of Zn supplementation upon Fol levels is scarce and contro
versial. The proposed mechanism underlying this increase was described 
by Manger et al. [31], who suggested that a Zn-deficient state reduces 
the activity of Fol Zn-dependent conjugase, which is necessary for the 
absorption of Fol; accordingly, an adequate Zn status could improve the 
Fol levels. To the best of our knowledge, there have been no Zn sup
plementation studies in postmenopausal populations assessing changes 
in Fol levels. A study carried out in an elderly Australian population 
(65–85 years of age) observed the same significant increase in plasma 
Fol levels after a 12-week Zn intervention [32]. However, in another 
study carried out in an elderly population supplemented with Zn during 
6 months, the increase in plasma Fol was not accompanied by an in
crease in erythrocyte Fol. This would suggest that a Zn intervention 
would only be effective in correcting low plasma Fol levels, which reflect 
short-term Fol deficiency [33]. On the other hand, it is known that Zn 
could affect B12 through its effect upon Zn-dependent methionine syn
thase and therefore on the Hcy cycle also mediated by Fol [31]. In this 
line, we found the B12 levels to be within the reference ranges, but, 
regretfully, they increased significantly over follow-up in both ZG and 
PG in our postmenopausal population. Unfortunately, the limitations of 
72-hour recall did not allow us to determine whether the regular diet 
was responsible for the increase observed in PG [34]. 

Studies that jointly examine Zn, Hcy, Fol and B12 status in humans 
are limited. In our study, a negative correlation was found between Hcy 
and both Fol and B12 levels after the intervention in our Zn- 
supplemented women. Previous studies involving animal models have 
found Zn-deficient status in rats to be related to increased Hcy levels and 
decreased Fol values [35]. Other studies in children and adolescents, 
involving a 15 mg/day Zn-intervention during three months, found the 
Hcy and B12 levels to decrease in the Zn-supplemented group, while the 
Fol values showed no significant changes [15]. Similar findings have 
been reported by other authors in diabetic Zn-supplemented individuals, 
with Zn supplementation leading to a significant rise in serum Fol and 
B12 levels, associated to a decrease in Hcy concentrations [36]. These 
findings moreover are in agreement with a previous study that evi
denced no effect upon the plasma Hcy, B12 and Fol levels after 6 months 
of Zn intervention (15 mg/day and 30 mg/day) in a population of 
French healthy elderly individuals [37]. Since we observed these asso
ciations in menopausal women, we believe that the lack of significance 
in the abovementioned studies could be due to the administration of 
lower Zn supplementation doses in the general older population. 

Some limitations must be considered in the interpretation of our 
findings. Firstly, the sample size, while appropriate for the present 
study, was small. Future studies involving larger samples are needed to 
confirm the validity of our results. Secondly, other biomarkers for 
identifying Zn homeostatic mechanisms triggered by Zn supplementa
tion, such as Zn transporters, should be considered in order to elucidate 
the underlying processes. Thirdly, more 72-hour recalls should have 
been performed during the intervention, as this could have helped to 
elucidate the observed B12 increase in PG. Fourth, the present study 
included menopausal women with a wide age range, which makes it 
necessary to interpret the results with caution. Lastly, the Zn interven
tion period may have been insufficient to evidence more significant 

changes in cardiovascular risk factors. We thus suggest the need for Zn 
supplementation studies involving longer follow-up periods among 
postmenopausal women. 

5. Conclusions 

An 8-week Zn intervention reduced the initial high prevalence of Zn 
deficiency and improved Fol in the postmenopausal Zn-intervened 
group, together with a decrease in Hcy levels when comparing inter- 
both intervened groups. The previous mentioned findings, and in 
accordance to the inverse correlations between the Hcy and Fol levels, 
could reflect an enhancement of some Hcy cycle-related parameters in 
the studied population after the Zn intervention, improving circulating 
Fol and Hcy. Regretfully, the intervention had the same effect in B12 
levels for both intervened groups. Further studies involving larger 
sample sizes and long-term Zn interventions are needed to clarify the 
possible influence of a prolonged Zn supplementation upon circulating 
Hcy, B12 and Fol levels in a population at risk of Hcy cycle-related pa
rameters disturbances, such as postmenopausal women. 
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