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Whole Love 50+ Multivitamin – White Paper 

1. SUPPLEMENT FACTS

Supplement Facts 
Serving Size 1 Vegetable Capsule  
Servings Per Container 30

Amount Per Serving % Daily 
Value

Vitamin A (as beta-carotene) 900 mcg 100%

Vitamin C (as ascorbic acid) 90 mg 100%

Vitamin D3 (as cholecalciferol) 20 mcg 
(800 IU)

100%

Vitamin E (as d-alpha tocopheryl succinate) 15 mg 100%

Vitamin B1 (as thiamin mononitrate) 2.4 mg 200%

Vitamin B2 (as riboflavin, riboflavin-5-
phosphate)

2.6 mg 200%

Niacin (as niacinamide) 16 mg 100%

Vitamin B6 (as pyridoxine HCl, pyridoxal-5-
phosphate)

3.4 mg 200%

Folate (as L-5 methyltetrahydrofolate 
calcium)

400 mcg DFE  
(240 mcg folic acid)

100%

Vitamin B12 (as methylcobalamin) 4.8 mcg 200%

Biotin 60 mcg 200%

Pantothenic acid (as d-calcium pantothenate, 
pantethine)

10 mcg 200%

Calcium (as calcium carbonate and d-
calcium pantothenate)

25 mg 2%

Iodine (as potassium iodide) 150 mcg 100%

Magnesium (as magnesium oxide) 12.5 mg 3%

Zinc (as amino acid chelate) 11 mg 100%

Selenium (as selenomethionine) 55 mcg 100%

Copper (as copper gluconate) 0.9 mg 100%

Manganese (as manganese aspartate) 2.3 mg 100%

Chromium (as chromium polynicotinate) 35 mcg 100%

Molybdenum (as amino acid chelate) 45 mcg 100%

Choline (as choline bitartrate) 10 mg 2%

Asian Ginseng root extract (Panax ginseng) 
Standardized to 8% ginsenosides

200 mg †
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2. DIRECTIONS

Take 1 capsule daily with breakfast or lunch.  

3. CLAIMS

Black Cohosh root extract  
Standardized to 2.5% triterpene glycosides

40 mg †

Chaste Tree Berry (Vitex agnus castus) 
standardized 0.5% Agnuside

40 mg †

Milk basic protein fraction (MBP®) 40 mg †

† Daily value not established.

Claim Substantiation

Health/wellness & general claims

• New! Women’s multivitamin in one daily capsule instead of
four.

n/a

• At least half of all women physicians surveyed use
multivitamins. Shouldn’t you?

Multivitamin study 5

• Promotes intake of key vitamins and minerals more than
diet alone.*

Multivitamin study 1

• Contains over 25 vitamins, minerals and nutraceuticals to
support health and wellness.*

The 25+ vitamins, minerals and 
nutraceuticals are listed in 
supplement facts box. The other 
citations in this document show the 
relationship to supporting health 
and wellness, as do Multivitamin 
study 2-7.

• Contains B-vitamin coenzymes, the biologically active
forms of these nutrients.*

Listed in supplement facts box. 
Riboflavin study 1 
Vitamin B6 study 1 
Vitamin B12 study 1

Energy claim

• Provides B-vitamins to support energy production.* B vitamins study 2

Cognitive Claims

• Clinically shown to enhance performance of mental 
arithmetic.*

Ginseng study 1-2

• Clinically shown to reduce feelings of mental fatigue.* Ginseng study 1-2

• Clinically shown to quickly reduce feelings of mental 
fatigue during sustained mental activity.*

Ginseng study 1-2

• Clinically shown to improve some measures of mental 
performance.*

Ginseng study 1-2

Stress claims
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*These statements have not been evaluated by the Food and Drug Administration. This product is not
intended to diagnose, treat, cure, or prevent any disease.

• Provides B-vitamins, which are intimately involved in
function of nervous system*

B vitamins study 3-4

• Provides B-vitamins, which may help counter some
negative effects of stress.*

B vitamins study 5 
Stress study 1-2

• Provides a generous supply of B-vitamins, some of which
can be depleted during stress.*

B vitamins study 6-7

• Provides B-vitamins and other nutrients that may help
people handle their stress better.*

B vitamins study 8

Menopause-specific claims

• Key nutraceuticals help relieve menopausal symptoms
while promoting healthy bone density.*

Black cohosh RCT study #1-5 
Black cohosh drug comparison study 
#1-3 
Black cohosh dose comparison study 
#1 
Black cohosh open-label study #1-4 
Black cohosh bone support study 
#1-3 
MBP study 1-5

• Significantly relieves 6 common, normal menopausal 
symptoms.*

Black cohosh RCT study #1-5 
Black cohosh drug comparison study 
#1-3 
Black cohosh dose comparison study 
#1 
Black cohosh open-label study #1-4

• Significantly reduces hot flashes.*

• Significantly reduces night sweats.*

• Significantly reduces occasional, menopause-related
nervousness.*

• Significantly reduces occasional, menopause-related
moodiness.*

• Significantly reduces occasional, menopause-related
sleeplessness.*

• Helps alleviate menopause-related vaginal dryness.*

• May help relieve common, normal menopausal symptoms.* Chaste tree study 1

• Supports a healthy balance of female hormones.* Chaste tree study 2-3

Bone Health Claims

• Several human studies have shown that MBP helps
maintain healthy bone density with 40 mg daily.*

MBP study 1-5

• Several human studies have shown that MBP helps support
markers of healthy bone density with 40 mg daily.*

MBP study 1-5

• Clinically shown to support markers of bone health during
and after menopause.

Black cohosh bone support study 
#1-3

• Research suggests that up to 49% of menopausal and
postmenopausal women are deficient in vitamin D, and
even more may be vitamin D insufficient.

Vitamin D study 1-7 

• Vitamin D supports bone health in menopausal women. Vitamin D study 1-7

• Vitamin D helps support healthy bones* Vitamin D study 1-7
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4. SUBSTANTIATION STUDIES

Multivitamin study 1 
Use of multivitamin-multimineral supplements is widespread and can contribute substantially to total 
nutrient intakes. In the Hawaii-Los Angeles Multiethnic Cohort (MEC),  48% of men and 56% of women 1

without chronic diseases reported use of multivitamin supplements at least weekly over the past year. We 
calculated the prevalence of nutrient adequacy for 17 nutrients based on responses to a self-administered 
quantitative food-frequency questionnaire administered to MEC participants at baseline in 1993-1996. 
Prevalence of nutrient adequacy from food only was higher for multivitamin supplement users (n = 21,056) 
than for nonusers (n = 69,715) (P < 0.0001).. For multivitamin users, the prevalence of adequacy improved by 
an average of 8 percentage points for both men and women when intake from supplements was included. 
Users were also more likely to have potentially excessive intakes, particularly for iron, zinc, vitamin A, and 
niacin. The 26,735 MEC participants in Hawaii who answered an open-ended question about multivitamin 
use in 1999-2001 reported using 1246 different products. The nutrient profile of these products varied widely, 
and the composition of products at the 90th percentile was 10-fold greater than the composition at the 
median for some nutrients. We conclude that analyses of nutrient adequacy and excess for supplement 
users should be extended to national samples and that composition data on actual supplements used are 
preferable to assuming a default nutrient profile for multivitamin supplements. Multivitamin products could 
be better formulated to reduce the prevalence of inadequacy and also to reduce the risk of excessive 
intakes. 

Multivitamin study 2 
To determine whether long-term multivitamin supplementation decreases the risk of total and site-specific 
cancer events among men, a large-scale, randomized, double-blind, placebo controlled trial  was 2

conducted (Physicians" Health Study II) with 14 641 male US physicians initially aged 50 years or older (mean 
[SD] age, 64.3 [9.2] years), including 1312 men with a history of cancer at randomization, enrolled in a 
common multivitamin study that began in 1997 with treatment and follow-up through June 1, 2011. The 
intervention was a daily multivitamin or placebo. The main outcome measures were total cancer (excluding 
nonmelanoma skin cancer), with prostate, colorectal, and other site-specific cancers among the secondary 
end points. Results showed that during a median (interquartile range) follow-up of 11.2 (10.7-13.3) years, there 
were 2669 men with confirmed cancer, including 1373 cases of prostate cancer and 210 cases of colorectal 
cancer. Compared with placebo, men taking a daily multivitamin had a statistically significant reduction in 
the incidence of total cancer (multivitamin and placebo groups, 17.0 and 18.3 events, respectively, per 1000 
person-years; hazard ratio [HR], 0.92; 95% CI, 0.86-0.998; P=.04). There was no significant effect of a daily 
multivitamin on prostate cancer (multivitamin and placebo groups, 9.1 and 9.2 events, respectively, per 1000 
person-years; HR, 0.98; 95% CI, 0.88-1.09; P=.76), colorectal cancer (multivitamin and placebo groups, 1.2 
and 1.4 events, respectively, per 1000 person-years; HR, 0.89; 95% CI, 0.68-1.17; P=.39), or other site-specific 
cancers. There was no significant difference in the risk of cancer mortality (multivitamin and placebo 
groups, 4.9 and 5.6 events, respectively, per 1000 person-years; HR, 0.88; 95% CI, 0.77-1.01; P=.07). Daily 
multivitamin use was associated with a reduction in total cancer among 1312 men with a baseline history of 
cancer (HR, 0.73; 95% CI, 0.56-0.96; P=.02), but this did not differ significantly from that among 13 329 men 
initially without cancer (HR, 0.94; 95% CI, 0.87-1.02; P=.15; P for interaction=.07). In conclusion, this large 
prevention trial of male physicians, daily multivitamin supplementation modestly but significantly reduced 
the risk of total cancer. 

Multivitamin study 3 
To evaluate the associations between intakes of vitamins A, C, and E and risk of colon cancer, primary data 
from 13 cohort studies  was used, estimating study- and sex-specific relative risks (RR) with Cox proportional 3

hazards models and subsequently pooled RRs using a random effects model. Results showed that among 
676,141 men and women, 5,454 colon cancer cases were identified (7-20 years of follow-up across studies). 
Vitamin A, C, and E intakes from food only were not associated with colon cancer risk. For intakes from food 
and supplements (total), the pooled multivariate RRs (95% CI) were 0.88 (0.76-1.02, >4,000 vs. ≤ 1,000 μg/day) 
for vitamin A, 0.81 (0.71-0.92, >600 vs. ≤ 100 mg/day) for vitamin C, and 0.78 (0.66-0.92, > 200 vs. ≤ 6 mg/day) 
for vitamin E. Adjustment for total folate intake attenuated these associations, but the inverse associations 
with vitamins C and E remained significant. Multivitamin use was significantly inversely associated with 
colon cancer risk (RR = 0.88, 95% CI: 0.81-0.96). In conclusion, modest inverse associations with vitamin C and 
E intakes may be due to high correlations with folate intake, which had a similar inverse association with 
colon cancer. An inverse association with multivitamin use, a major source of folate and other vitamins, 
deserves further study. 

Multivitamin study 4 
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Epidemiologic data relating multivitamin supplement use to the risk of cardiovascular disease are sparse 
and inconsistent. We examined the association between self-selected use of low dose multivitamin 
supplements and the risk of myocardial infarction (MI). Our results are based on data from a large 
population-based, case-control study of subjects aged 45-70 y residing in Sweden, a country in which 
consumption of fruits and vegetables is relatively low and foods are not fortified with folic acid. The study 
included 1296 cases (910 men, 386 women) with a first nonfatal MI and 1685 controls (1143 men, 542 women) 
frequency-matched to the cases by sex, age and hospital catchment area. Odds ratios (OR) and 95% CI 
were calculated from unconditional logistic regression models. Among controls, 57% of the women and 35% 
of the men used dietary supplements; corresponding figures for the cases were 42 and 27%, respectively. Of 
those taking supplements, 80% used multivitamin preparations. After adjustment for major cardiovascular 
risk factors, the OR of MI comparing regular users of supplements with nonusers were 0.79 (95% CI 0.63-0.98) 
for men and 0.66 (95% CI 0.48-0.91) for women. This inverse association was not modified by such healthy 
lifestyle habits as consumption of fruits and vegetables, intake of dietary fiber, smoking habits and level of 
physical activity, although never smoking appeared to outweigh the association in women. Findings from 
this study indicate that use of low dose multivitamin supplements may aid in the primary prevention of MI.  4

Multivitamin study 5 
Rates of vitamin-mineral supplement use by US female physicians are unknown but are of particular 
interest for several epidemiologic and clinical reasons. The objective was to determine rates of and 
variations in vitamin-mineral supplement use among US female physicians. We used data from the Women 
Physicians' Health Study, a large (n = 4501) national, randomly sampled mail survey of female physicians 
aged 30-70 y. Half of the physicians took a multivitamin-mineral supplement; 35.5% of these did so 
regularly. However, </=33% took any supplement other than calcium and <20% did so regularly. Regular 
vitamin-mineral supplement use increased with age, and antioxidant intake was higher in those at high risk 
of heart disease. Those with a history of osteoporosis were nearly 3 times as likely as those with no history 
to take supplemental calcium regularly. Those who took any supplement regularly also consumed more 
fruit and vegetables daily than did occasional users or nonusers (P: < 0.0001). Regular users of any 
supplement also consumed less fat than did occasional users or nonusers (P: < 0.01). Additionally, 
vegetarians were more likely than were nonvegetarians to regularly consume any supplement (59.9% 
compared with 46.3%; P: < 0.001) and those who regularly consumed any supplement were more likely to 
comply with US Preventive Services Task Force guidelines than were those who were occasional users or 
nonusers (72.4% compared with 66.5% and 60.2%; P: < 0.0001). In conclusion, female physicians, 
particularly those who were especially health conscious or at higher risk of heart disease or osteoporosis, 
used supplements at rates at least equal to those of women in the general population.  5

Multivitamin study 6 
To investigate the effect of supplementation with multivitamin and mineral on blood pressure and C-
reactive protein (CRP) in obese women with increased cardiovascular disease risk as having hypertension, 
hyperglycemia or hyperlipemia. 128 obese Chinese women aged 18-55 years with increased cardiovascular 
disease risk participated in a 26-week randomized, double-blind, placebo-controlled trial.  Subjects were 6

randomized to four groups, and received either one tablet of high-dose multivitamin and mineral 
supplement (MMS), or one tablet of low-dose MMS (Low MMS), or calcium 162 mg (Calcium) or identical 
placebo (Placebo) daily during the study. Diastolic blood pressure (DBP), systolic blood pressure (SBP) and 
serum concentrations of CRP were measured at baseline and end-trial. The results showed that, at baseline, 
the subjects had an average age of 42.0+/-7.1 years and BMI of 30.9+/-2.8 kg/m2. There were no significant 
differences between the four groups in baseline characteristics. One hundred and seventeen subjects 
completed the study. After 26-week supplementation, both SBP and DBP were significantly lower in the MMS 
group compared to the placebo group (p < 0.05). There was also a non-significant trend of lower DBP at 26-
week in the MMS and calcium groups compared to baseline (p < 0.08). At 26-week, the MMS group also had 
significantly lower serum concentrations of CRP compared with that of baseline and the placebo group (p < 
0.05). In conclusion, supplementation with adequate multivitamin and mineral supplement could reduce 
blood pressure and serum CRP in obese women with increased cardiovascular disease risk. 

Multivitamin study 7 
The objective of this study  was to examine the association between multivitamin use and myocardial 7

infarction (MI) in a prospective, population-based cohort of women.The study included 31,671 women with no 
history of cardiovascular disease (CVD) and 2262 women with a history of CVD aged 49-83 y from Sweden. 
Women completed a self-administered questionnaire in 1997 regarding dietary supplement use, diet, and 
lifestyle factors. Multivitamins were estimated to contain nutrients close to recommended daily allowances: 
vitamin A (0.9 mg), vitamin C (60 mg), vitamin D (5 μg), vitamin E (9 mg), thiamine (1.2 mg), riboflavin (1.4 mg), 
vitamin B-6 (1.8 mg), vitamin B-12 (3 μg), and folic acid (400 μg). Results showed that during an average of 
10.2 y of follow-up, 932 MI cases were identified in the CVD-free group and 269 cases in the CVD group. In the 
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CVD-free group, use of multivitamins only, compared with no use of supplements, was associated with a 
multivariable-adjusted hazard ratio (HR) of 0.73 (95% CI: 0.57, 0.93). The HR for multivitamin use together 
with other supplements was 0.70 (95% CI: 0.57, 0.87). The HR for use of supplements other than multivitamins 
was 0.93 (95% CI: 0.81, 1.08). The use of multivitamins for ≥5 y was associated with an HR of 0.59 (95% CI: 
0.44, 0.80). In the CVD group, use of multivitamins alone or together with other supplements was not 
associated with MI. In conclusion, the use of multivitamins was inversely associated with MI, especially 
long-term use among women with no CVD. Further prospective studies with detailed information on the 
content of preparations and the duration of use are needed to confirm or refute our findings. 

B vitamins study 1 
The objective of this study  was to determine whether oral folic acid (FA) + vitamin B-12 supplementation 8

prevented cognitive decline in a cohort of community-dwelling older adults with elevated psychological 
distress. This randomized controlled trial (RCT) with a completely crossed 2 · 2 · 2 factorial design comprised 
daily oral 400 mcg FA + 100 mcg vitamin B-12 supplementation (compared with placebo), physical activity 
promotion, and depression literacy with comparator control interventions for reducing depressive symptoms 
was conducted in 900 adults aged 60–74 y with elevated psychological distress (Kessler Distress 10–Scale; 
scores .15). The 2-y intervention was delivered in 10 modules via mail with concurrent telephone tracking 
calls. Main outcome measures examined change in cognitive functioning at 12 and 24 mo by using the 
Telephone Interview for Cognitive Status–Modified (TICS-M) and the Brief Test of Adult Cognition by 
Telephone (processing speed); the Informant Questionnaire on Cognitive Decline in the Elderly was 
administered at 24 mo. The results were that FA + vitamin B-12 improved the TICS-M total (P = 0.032; effect 
size d = 0.17), TICS-M immediate (P = 0.046; d = 0.15), and TICS-M delayed recall (P = 0.013; effect size d = 0.18) 
scores at 24 mo in comparison with placebo. Researchers concluded that long-term supplementation of 
daily oral 400 mcg FA + 100 mcg vitamin B-12 promotes improvement in cognitive functioning after 24 mo, 
particularly in immediate and delayed memory performance. This trial was registered at linicaltrials.gov as 
NCT00214682. 

B vitamins study 2 
Physicians are frequently 
confronted with patients 
complaining of fatigue, tiredness 
and low energy levels. In the 
absence of underlying disease, 
these symptoms could be caused 
by a lack of vitamins, especially 
B-vitamins, and minerals.
Certain risk groups like the
elderly and pregnant women are
well-recognized. This review9

describes the inter-relationship
between micronutrients, energy
metabolism and well-being,
especially the role of B-vitamins
in energy metabolism, an
overview of which follows is
shown in Table 1. The review also
identifies risk groups for 
inadequate micronutrient intake.
The authors indicated that
micronutrient supplementation
can alleviate deficiencies, but
supplements must be taken for 
an adequate period of time.

B vitamins study 3 
B-vitamins function as cofactors
in fundamental pathways, such
as glycolysis, the Krebs cycle,
the respiratory chain and amino
acid metabolism. Although all 
tissues have these vitamin-
dependent pathways, they take
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on increased importance in the brain because of its high metabolic rate and dependence on continuous 
metabolism. In fact, the discovery of vitamins was closely linked to the sensitivity of the brain to deficiency, 
specifically that of thiamine. Furthermore, in the brain these pathways are linked to neurotransmitter 
synthesis.  10

B vitamins study 4 
In the brain, the synthesis of the neurotransmitter, serotonin, from the amino acid, tryptophan, is catalyzed 
by a pyridoxal 5'-phosphate-dependent enzyme (pyridoxal 5'-phosphate is the metabolized, principle 
coenzyme form of vitamin B6). Other neurotransmitters, such as dopamine, norepinephrine and gamma-
aminobutyric acid (GABA), are also synthesized using PLP-dependent enzymes.  11

B vitamins study 5 
The current study  examined the relation of plasma IL-6 to anger, hostility, and severity of depressive 12

symptoms [which are associated with stress—see following two citations for substantiation] as a function 
of multivitamin supplement use (providing a source of B vitamins) in 96 healthy, nonsmoking men (aged 
18-46). Plasma IL-6 was independently associated with anger, hostility, and severity of depressive
symptoms, as well as with a composite factor score, but only among nonusers. Among users, these
associations were not significant. Multivitamin use was associated with lower plasma IL-6 levels, but only
among men with high composite factor scores. Statistical adjustments for age, body mass index, resting
diastolic blood pressure, fasting total cholesterol, high-density lipoprotein cholesterol, alcohol use, exercise
frequency, and educational level did not alter these results. These data suggest that plasma IL-6 is
elevated among healthy men characterized by a propensity for anger, a hostile disposition, and greater 
severity of depressive symptoms and that multivitamin supplements could ameliorate plasma IL-6 levels
among these men.

Stress study 1 
Stress can come from any event or thought that makes you feel frustrated, angry, or nervous.  13

Stress study 2 
The body responds to each type of stress in similar ways. Different people may feel it in different ways. For 
example, some people experience mainly digestive symptoms, while others may have headaches, 
sleeplessness, depressed mood, anger and irritability. People under chronic stress are prone to more frequent 
and severe viral infections, such as the flu or common cold, and vaccines, such as the flu shot, are less 
effective for them.  14

B vitamins study 6 
Correlation of actual consumption of vitamins B1, B2 and B6 with biochemical parameters of their utilization 
has been studied in two groups of workers (one group was engaged in the synthetic leather industry, the 
second one in the diamond treatment industry). It is shown that the actual utilization of vitamins B1, B2 and 
B6 correlated well with the stimulation coefficients (SC) of the basal activity of the corresponding 
erythrocytic enzymes. This correlation can be expressed in an equation of linear regression with a preset SC. 
Solution of this equation gives the values that can be used in the diagnosis of changes in the vitamins B1, B2 
and B6 requirement in certain population groups. The results of the study evidence that vitamin B1 and B6 
are especially necessary for workers whose activity is associated with manifest nervous-emotional stress, 
while the workers engaged in the synthetic leather industry being exposed to dimethyl formamide are in 
need of vitamin B2.  15

B vitamins study 7 
Previous research has demonstrated that a theoretical model including measures of life stressors, social 
support, and coping style significantly predicts psychological distress. This study  tested plasma 16

pyridoxine (vitamin B6) deficiency status as a predictor of overall psychological distress and specific mood 
states in this model, controlling for HIV-1 serostatus. Subjects included HIV-1+ (N = 76) and HIV-1- (N = 58) 
recently bereaved homosexual men. At baseline, subjects completed a battery of psychosocial 
questionnaires, together with a physical examination and venipuncture. The Profile of Mood States (POMS) 
provided measures of overall psychological distress as well as specific mood states. Pyridoxine deficiency 
status (a categorical measure of deficient vs. adequate status) was determined with a bioassay of 
erythrocyte aspartate aminotransferase activity. Pyridoxine deficiency was a significant predictor of 
increased overall psychological distress in this model, controlling for life stressors, social support, coping 
style, and HIV-1 serostatus. In post hoc analyses of specific mood state effects, pyridoxine deficiency status 
was significantly associated with increases in depressed, fatigued, and confused mood levels, but not with 
those of anxiety, anger, or vigor. These findings suggest that adequate pyridoxine status may be necessary 
to avert psychological distress in the setting of bereavement. Inasmuch as pyridoxine is a cofactor for 5-
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hydroxytryptophan decarboxylase--an enzyme in the biosynthesis pathway of serotonin--serotonin level in 
the brain is implicated as the mediating factor. 

B vitamins study 8 
Biochemical processes in the brain affect mood. Minor dietary inadequacies, which are responsible for a 
small decline in an enzyme's efficiency, could cumulatively influence mood states. When diet does not 
provide an optimal intake of micronutrients, supplementation is expected to benefit mood. This meta-
analysis  evaluated the influence of diet supplementation on mood in nonclinical samples. Databases were 17

evaluated and studies were included if they considered aspects of stress, mild psychiatric symptoms, or 
mood in the general population; were randomized and placebo-controlled; evaluated the influence of 
multivitamin/mineral supplements for at least 28 days. Eight studies that met the inclusion criteria were 
integrated using meta-analysis. Supplementation reduced the levels of perceived stress (standard mean 
difference [SMD]=0.35; 95% confidence interval [CI]=0.47-0.22; p=.001), mild psychiatric symptoms 
(SMD=0.30; 95% CI=0.43-0.18; p=.001), and anxiety (SMD=0.32; 95% CI=0.48-0.16; p<.001), but not depression 
(SMD=0.20; 95% CI=0.42-0.030; p<.089). Fatigue (SMD=0.27; 95% CI=0.40-0.146; p<.001) and confusion 
(SMD=0.225; 95% CI=0.38-0.07; p<.003) were also reduced. Micronutrient supplementation has a beneficial 
effect on perceived stress, mild psychiatric symptoms, and aspects of everyday mood in apparently healthy 
individuals. Supplements containing high doses of B vitamins may be more effective in improving mood 
states. Questions about optimal levels of micronutrient intake, optimal doses, and active ingredients arise. 

Riboflavin study 1 
Riboflavin is a water-soluble B vitamin, also known as vitamin B2. In the body, riboflavin is primarily found 
as an integral component of the coenzymes, flavin adenine dinucleotide (FAD) and flavin mononucleotide, 
also known as or riboflavin-5′-phosphate.  18

Vitamin B6 study 1 
The phosphate ester derivative pyridoxal 5'-phosphate (PLP) is the bioactive coenzyme form of vitamin B6, 
involved in over 4% of all enzymatic reactions.  19

Vitamin B12 study 1 
Methylcobalamin and 5-deoxyadenosylcobalamin are the coenzyme forms of vitamin B12 used in the human 
body.  20

Chaste tree study 1 
Eight botanical preparations that are commonly used for the treatment of menopausal symptoms were 
tested for estrogenic activity. Methanol extracts of red clover (Trifolium pratense L.), chasteberry (Vitex 
agnus-castus L.), and hops (Humulus lupulus L.) showed significant competitive binding to estrogen 
receptors alpha (ER alpha) and beta (ER beta). With cultured Ishikawa (endometrial) cells, red clover and 
hops exhibited estrogenic activity as indicated by induction of alkaline phosphatase (AP) activity and up-
regulation of progesterone receptor (PR) mRNA. Chasteberry also stimulated PR expression, but no induction 
of AP activity was observed. In S30 breast cancer cells, pS2 (presenelin-2), another estrogen-inducible gene, 
was up-regulated in the presence of red clover, hops, and chasteberry. Interestingly, extracts of Asian 
ginseng (Panax ginseng C.A. Meyer) and North American ginseng (Panax quinquefolius L.) induced pS2 mRNA 
expression in S30 cells, but no significant ER binding affinity, AP induction, or PR expression was noted in 
Ishikawa cells. Dong quai [Angelica sinensis (Oliv.) Diels] and licorice Glycyrrhiza glabra L.) showed only 
weak ER binding and PR and pS2 mRNA induction. Black cohosh [Cimicifuga racemosa (L.) Nutt.] showed no 
activity in any of the above in vitro assays. Bioassay-guided isolation utilizing ER competitive binding as a 
monitor and screening using ultrafiltration LC-MS revealed that genistein was the most active component of 
red clover. Consistent with this observation, genistein was found to be the most effective of four red clover 
isoflavones tested in the above in vitro assays. Therefore, estrogenic components of plant extracts can be 
identified using assays for estrogenic activity along with screening and identification of the active 
components using ultrafiltration LC-MS. These data suggest a potential use for some dietary supplements, 
ingested by human beings, in the treatment of menopausal symptoms.  21

Chaste tree study 2 
Extracts of the fruits of chaste tree (Vitex agnus castus = AC) are widely used to treat premenstrual 
symptoms. Double-blind placebo-controlled studies indicate that one of the most common premenstrual 
symptoms, i.e. premenstrual mastodynia (mastalgia) is beneficially influenced by an AC extract. In addition, 
numerous less rigidly controlled studies indicate that AC extracts have also beneficial effects on other 
psychic and somatic symptoms of the PMS. Premenstrual mastodynia is most likely due to a latent 
hyperprolactinemia, i.e. patients release more than physiologic amounts of prolactin in response to stressful 
situations and during deep sleep phases which appear to stimulate the mammary gland. Premenstrually 
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this unphysiological prolactin release is so high that the serum prolactin levels often approach heights 
which are misinterpreted as prolactinomas. Since AC extracts were shown to have beneficial effects on 
premenstrual mastodynia serum prolactin levels in such patients were also studied in one double-blind, 
placebo-controlled clinical study. Serum prolactin levels were indeed reduced in the patients treated with 
the extract. The search for the prolactin-suppressive principle(s) yielded a number of compounds with 
dopaminergic properties: they bound to recombinant DA2-receptor protein and suppressed prolactin 
release from cultivated lactotrophs as well as in animal experiments. The search for the chemical identity of 
the dopaminergic compounds resulted in isolation of a number of diterpenes of which some clerodadienols 
were most important for the prolactin-suppressive effects. They were almost identical in their prolactin-
suppressive properties than dopamine itself. Hence, it is concluded that dopaminergic compounds present in 
Vitex agnus castus are clinically the important compounds which improve premenstrual mastodynia and 
possibly also other symptoms of the premenstrual syndrome.  22

Chaste tree study 3 
The therapeutic effect of a long-term Gestagen therapy (lynestrenol) and a phytotherapy (Mastodynon) in 
comparison to a placebo group is reported  in 160 cases of severe mastopathy with cyclic mastalgia. In 82.1 23

percent of the patients in the gestagen-group and in 74.5 percent of the patients in the Mastodynon-group a 
good relief of the premenstrual symptoms was achieved. In the placebo group only 36.8 percent of the 
patients reported a relief of symptoms. The difference is significant. The evaluation and analysis of serum 
HPRL and serum-progesterone showed a significant rise of the HPRL-level and a significant decrease of the 
progesterone-level. Because of this severe influence on the endocrine balance the recommendation for an 
alternative phytotherapy prior to a long term gestagen therapy is justified. 

Note: Supporting data for black cohosh is categorized under the headings of “Randomized controlled 
trials”, “Trials comparing to medications”, “Dose comparison trials”, and “Open-label trials.” While the RCT 
will serve as the primary substantiation for these claims, the other categories of data lend additional 
support to the preponderance of evidence. 

Randomized controlled trials 
Black cohosh RCT study #1 
This randomized, double-blind, placebo-controlled, multicenter clinical study  investigated the efficacy 24

and various safety aspects of a standardized proprietary isopropanolic extract of black cohosh (Remifemin) 
in a population of 304 postmenopausal women who met strict parameter guidelines that determined the 
inclusion criteria. Patients were randomly assigned to receive 1 of 2 treatments over a 12-week period. Group 
1 (n = 153) received 1 Remifemin tablet (each tablet containing 2.5 mg isopropanolic extract of Actaea 
racemosa corresponding to 20 mg of root stock and rhizome) taken 2 times per day, and group 2 (n=151) 
received the placebo tablet. Results showed that the standardized isopropanolic extract of black cohosh 
(Remifemin) was significantly more effective than placebo in decreasing the menopause rating scale (MRS) 
score (P<0.001), with the greatest effect on early menopausal women. Four of 10 MRS subscores significantly 
decreased in the black cohosh group when compared to the placebo group: P=0.007 (hot flashes), P=0.012 
(atrophy), P=0.019 (psyche). The hot flush subscore demonstrated the most effective measure for the 
isopropanolic black cohosh extract’s efficacy. This clinical study confirmed previous results, which clearly 
indicate the efficacy and tolerability of this proprietary black cohosh extract (Remifemin) in addressing 
menopausal symptoms, particularly hot flashes. 

Additionally, this study demonstrated that black cohosh extract was significantly more effective than 
placebo in improving the menopause rating scale subscore (P=0.012) associated with vaginal dryness, 
sexual disorders, and urinary complaints. 

Black cohosh RCT study #2 
This randomized, multicenter, double-blind clinical trial  compared the efficacy and tolerability of the 25

isopropanolic black cohosh extract in the treatment of climacteric complaints compared with placebo. A 
total of 304 patients were randomly allocated to receive tablets corresponding to 40 mg drug or matching 
placebo daily for 12 weeks. The primary efficacy measure was the change from baseline on the Menopause 
Rating Scale I; secondary measures included changes in its subscores and safety variables. Patient groups 
did not differ in baseline characteristics. The results were that the isopropanolic black cohosh extract was 
more effective than placebo (P < .001) depending on time from symptom onset (P = .014) and follicle-
stimulating hormone level (P = .011). The effect size was 0.03 to 0.05 
Menopause Rating Scale units which is similar to recent hormone 
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Treatment differences and 95% confidence limits 
of ac<ve medica<on (iCR) minus placebo based 
on Menopause Ra<ng Scale I and the subscores 
“hot flushes,” “psyche,” “soma,” and “atrophy” 
determined for “early” climacteric women 
(assuming follicle-s<mula<ng hormone _ 20 U/L 
and 1-year dura<on of climacteric complaints). 
MRS, Menopause Ra<ng Scale; R, ac<ve 
medica<on; P, placebo; iCR, isopropanolic 
extract of Cimicifuga racemosa.



replacement therapy study results (0.036 Menopause Rating Scale units) and may therefore be considered 
clinically relevant. Women in the early climacteric phase benefited more than in the late phase. The hot 
flush subscore (i.e., flushing, sweating) was the most effective measure of the isopropanolic black cohosh 
extract's efficacy compared to placebo (p<.007), followed by the atrophy (disorders of sexuality, urinary 
complaints, vaginal dryness) subscore (p<0.012) and the psyche (i.e., depressive mood, (nervousness, nervous 
irritability, generally impaired performance and memory) subscore (p<0.019).  There were no relevant group 
differences in adverse events, laboratory findings, or tolerability. The researchers concluded that this 
isopropanolic extract of black cohosh root stock is effective in relieving climacteric symptoms, especially in 
early climacteric women. Additionally, this study demonstrated that black cohosh extract was significantly 
more effective than placebo in improving the menopause rating scale subscore (P<0.012) associated with 
vaginal dryness, sexual disorders, and urinary complaints. 

Black cohosh RCT study #3 
A multicenter, randomized, placebo-controlled, double-blind, parallel group study  was conducted in 122 26

menopausal women (intention-to-treat population) with > or =3 hot flashes a day, treated with black 
cohosh root extract Cr 99 (corresponding to an average of 42 mg crude drug) and placebo over 12 weeks. 
Two main efficacy measures - weekly weighted score of hot flashes and Kupperman Index - and secondary 
efficacy variables, e.g. Menopause Rating Scale, were defined. Routine safety laboratory parameters and 
adverse events were documented. The primary efficacy analysis showed no superiority of the tested black 
cohosh extract compared to placebo. However, in the subgroup of patients with a Kupperman Index> or =20 
a significant superiority regarding this index could be demonstrated (P<0.018). A decrease of 47% and 21% 
was observed in the black cohosh and placebo group, respectively. The weekly weighted scores of hot 
flashes (P<0.052) and the Menopause Rating Scale (P<0.009) showed similar results. Prevalence and 
intensity of the adverse events did not differ in the two treatment groups. The researchers concluded that 
the results indicate a superiority of the tested Cimicifuga racemosa extract compared to placebo in 
patients with menopausal disorders of at least moderate intensity according to a Kupperman Index > or 
=20. 

Black cohosh RCT study #4 
Sixty-two evaluable postmenopausal women were included in a double-blind, randomized, multicentre 
study,  and treated either with the Cimicifuga racemosa preparation CR BNO 1055 (daily dose 27

corresponding to 40 mg herbal drug), 0.6 mg conjugated estrogens (CE), or matching placebo, for 3 months. 
Menopausal symptoms were assessed by the menopause rating scale (MRS) and a diary. Levels of 
CrossLaps (marker of bone degradation) were determined by ELECSYS system and bone-specific alkaline 
phosphatase (marker of bone formation) by an enzymatic assay. Endometrial thickness was measured via 
transvaginal ultrasound; vaginal cytology was also studied. The primary efficacy criterion was the change 
from baseline to end point in the MRS. Change from baseline was analyzed for the secondary variables too. 
The results were that CR BNO 1055 proved to be equipotent to CE and 
superior to placebo in reducing climacteric complaints. In comparison 
to placebo, the MRS items, which load on factor 1 ‘‘hot flushes’’ (MRS 
items 1-3) were significantly reduced by the CE. CR BNO 1055 showed 
a marked difference to placebo, without reaching the level of 
significance. Similarly, the climacteric complaints loading on factor 2 
‘‘psyche’’ (MRS items 4-6) were distinctly improved by CR BNO 1055. 
The effect of the CE was less obvious. The analysis of the factor 3 
‘‘atrophy’’ (MRS items 7-10) revealed a significant decrease under CR 
BNO 1055 whereas the difference under CE, in comparison to placebo, 
did not reach the level of significance. From the evaluation of the 
diary, positive effects on the frequency of waking up during the night 
at week 12 and waking up early, at weeks 8 and 12 have been 
observed under treatment with CR BNO 1055, in comparison to 
placebo. Under both verum preparations, beneficial effects on bone 
metabolism have been observed in the serum. CR BNO 1055 had no 
effect on endometrial thickness, which was significantly increased by CE. Vaginal superficial cells were 
increased under CE and CR BNO 1055 treatment. The researchers concluded that the results concerning 
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climacteric complaints and on bone metabolism indicate an equipotent effect of CR BNO 1055 in comparison 
to 0.6 mg CE per day. It is proposed that CR BNO 1055 contains substances with SERM activity, i.e. with 
desired effects in the brain/hypothalamus, in the bone and in the vagina, but without exerting uterotrophic 
effects. Additionally, this study demonstrated that black cohosh extract was significantly more effective 
than conjugated estrogens or matching placebo in improving the menopause rating scale subscore 
associated with vaginal dryness, sexual disorders, and urinary complaints. 

Black cohosh RCT study #5 
A double blind study  was conducted with 80 women between 46 28

and 58 years, to test the efficacy of a plant derived black cohosh 
extract (Remifemin) compared to a low dose estrogen and a placebo 
group. Thirty of the volunteers received 0.625 of conjugated estrogens 
per day, another 30 volunteers were given 8 mg of a standardized 
black cohosh extract (equivalent to 40 mg crude drug), and 20 
patients received placebo. The parameters under investigation were: 
1) the Kupperman menopausal index, measuring mainly
neurovegatative symptoms, 2) the Hamilton anxiety scale for 
psychological complaints, and 3) the proliferation status of vaginal 
epithelium as an objective parameter. Parameters 1 and 2 were
investigated every four weeks; proliferation of vaginal epithelium
was evaluated at baseline and at the conclusion of the 12 week
study. After three months of therapy with the black cohosh extract,
all three parameters had significantly improved. Remifemin
decreased the physical symptoms of menopause by approximately
60% (Kupperman Menopausal Index), with greater significance than placebo or estrogen (p<0.001). Daily hot
flashes decreased by 86% (from 4.9 to 0.7 per day). Emotional complaints were also dramatically reduced.
The estrogen dose proved to be too low, and yielded no effect compared to placebo. The usefulness of the
black cohosh extract, Remifemin, as an alternative to estrogen therapy could be substantiated.

Trials comparing to medications 
Black cohosh drug comparison study #1 
A total of 120 healthy women with menopausal symptoms were recruited to this prospective study  with a 29

follow-up period of 6 mo. They were randomly assigned to 1 of 2 groups and were treated with fluoxetine or 
black cohosh (40 mg). After entry into the study, patients were examined at the first, second, third, and sixth 
months of the treatment period. The women kept diaries in which they reported the daily number and 
intensity of hot flushes and night sweats. In addition, at the beginning and end of the third month, they 
completed questionnaires consisting of a modified Kupperman Index, Beck's Depression Scale, and a 
RAND-36 Quality-of-Life Questionnaire. Statistically significant differences were noted in the Kupperman 
Index and Beck's Depression Scale at the end of the third month in both groups compared with baseline 
values. In the black cohosh group, the Kupperman Index decreased significantly compared with that in the 
fluoxetine group by the end of the third month. On the other hand, in the fluoxetine group, Beck's Depression 
Scale decreased significantly compared with that in the black cohosh group. Monthly scores for hot flushes 
and night sweats decreased significantly in both groups; however, black cohosh reduced monthly scores for 
hot flushes and night sweats to a greater extent than did fluoxetine (P<.001). At the end of the sixth month of 
treatment, black cohosh reduced the hot flush score by 85%, compared with a 62% result for fluoxetine. By 
the sixth month of the study, 40 women had discontinued the study--20 (33%) in the fluoxetine group and 20 
(33%) in the black cohosh group. Compared with fluoxetine, black cohosh is more effective for treating hot 
flushes and night sweats. On the other hand, fluoxetine is more effective in improvements shown on Beck's 
Depression Scale. 

Black cohosh drug comparison study #2 
The randomized, double-blind, controlled 3-month study  in 5 centers of 3 cities in China enrolled 244 30

menopausal patients aged 40-60 years and with a Kupperman Menopause Index (KMI)>or=15. The 
participants were assigned to either an isopropanolic extract of Actaea (=Cimicifuga) racemosa (iCR, 
Remifemin) corresponding to 40 mg crude drug/day (N=122) or tibolone 2.5mg/day (N=122) orally. The primary 
endpoint was the combination of the Mann-Whitney values (MWV) of the KMI and the frequency of adverse 
events (benefit-risk balance) at end of treatment (MWV>0.5 shows superiority; MWV>0.36 shows non-
inferiority). The results were that KMI decreased from 24.7+/-6.1 to 11.2+/-6.2 and 7.7+/-5.8 (iCR) and to 
11.2+/-7.2 and 7.5+/-6.8 (tibolone) at 4 and 12 weeks. This remarkable and clinically relevant improvement 
was similar in both treatment groups (MWV=0.47; 95% CI=0.39-0.54; p(non-inferiority)=0.002) showing 
statistical significant non-inferiority of iCR to tibolone. The KMI-responder rate was similar in both groups 
(84% and 85%). The safety evaluation showed for both groups a good safety and tolerability profile, 
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however, there is a significant lower incidence of adverse events (p<0.0001) in favor of the herbal treatment. 
None of the postmenopausal iCR patients experienced vaginal bleeding in contrast to tibolone (17 cases). 
Breast and abdominal pain as well as leukorrhea was mostly observed in the tibolone group (p=0.015, 
p=0.008, p=0.002). No serious adverse event was observed in the iCR-group, however, two occurred in the 
tibolone-group. The benefit-risk balance for iCR was significantly (p=0.01) superior to tibolone (MWV=0.56; 
95% confidence interval [0.51-0.62]). The researchers concluded that the efficacy of iCR (medicinal product 
Remifemin) is as good as tibolone for the treatment of climacteric complaints, even for moderate to severe 
symptoms, whereby iCR is clearly superior regarding the safety profile. This iCR containing medicinal 
product is an excellent option for treatment of climacteric complaints which has now for the first time been 
verified in Asian women. 

Black cohosh drug comparison study #3 
Sixty-four postmenopausal women were enrolled in a randomized clinical study  investigating the efficacy 31

of an isopropanolic aqueous extract of Cimicifuga racemosa (CR) on climacteric complaints in comparison 
with low-dose transdermal estradiol (TTSE2). Over the course of 3 months they filled in a diary recording the 
number of hot flushes per day. Other climacteric symptoms (vasomotor and urogenital symptoms) as well as 
anxiety and depression, were evaluated at baseline and after 3 months. Gonadotropins (follicle-stimulating 
hormone (FSH), luetinizing hormone (LH)), prolactin (PRL), 17 beta-estradiol (17beta-E2) and cortisol, lipid 
profile (total cholesterol high-density lipoprotein (HDL)/low-density lipoprotein (LDL)-cholesterol, 
triglycerides, liver function (glutamic-oxalacetic transaminase, glutamic-pyruvic transaminase) and 
endometrial thickness were measured. Patients were randomly allocated to receive, for 3 months, either 40 
mg isopropanolic aqueous CR extract daily or 25 microg TTSE2 every 7 days plus dihydrogesterone 10 mg/
day for the last 12 days of the 3-month estradiol treatment. The results were that both CR and low-dose 
TTSE2 significantly reduced the number of hot flushes per day (p < 0.001) and vasomotor symptoms (p < 
0.001), starting at the first month of treatment. Such a positive effect was maintained throughout the 3 
months of observation, without any significant difference between the two treatments. An identical effect 
was evident also for both anxiety (p < 0.001) and depression (p < 0.001) which were significantly reduced 
following 3 months of both CR and low-dose TTSE2. Total cholesterol was unchanged by CR treatment but 
significantly (p < 0.033) reduced by 3 months of low-dose TTSE2. A slight but significant increase of HDL-
cholesterol (p < 0.04) was found only in women treated with CR, while LDL-cholesterol levels were 
significantly lowered by 3 months of both CR (p < 0.003) and low dose TTSE2 (p < 0.002). Triglycerides were 
not affected by both treatments, nor was liver function. FSH, LH and cortisol were not significantly affected 
after the 3-month treatment, while PRL (p < 0.005) 
and 17 beta-E2 (p < 0.001) were increased slightly 
only by low-dose TTSE2. Endometrial thickness 
was not affected by either CR or low-dose TTSE2. 
The researchers concluded that CR (40 mg/day) 
may be a valid alternative to low-dose TTSE2 in 
the management of climacteric complaints in 
those women who cannot be treated with or just 
refuse conventional strategies. 

Dose comparison trials 
Black cohosh dose comparison study #1 
A controlled, randomized, double-blinded 
parallel group study  was conducted of 32

perimenopausal and postmenopausal women 
treated with two different doses (39 mg and 127.3 
mg) of a unique Cimicifugae racemosae rhizoma 
preparation over a 24-week period to confirm the 
efficacy and safety of the currently recognized 
dose of C. racemosa (40 mg/day) and to evaluate 
a higher dose and its associated physiological 
effects. Efficacy and tolerability were determined 
by the Kupperman Menopause Index, Self-Rating 
Depression Scale (SDS), a global assessment of 
tolerability, adverse events, routine hematology, 
and biochemical tests. To determine if the unique C. racemosa preparation exerts its effect through an 
estrogen-identical mode of action, we investigated vaginal cytology and gynecologically relevant 
hormones. Results indicated that both perimenopausal and postmenopausal patients tolerated the 
treatment well, and menopausal symptoms decreased regardless of dose (responder rate 70% and 72%, 
respectively). The majority of women saw up to a 70% reduction of hot flashes and effective relief for night 
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sweats, irritability, mood swings and occasional sleeplessness and anxiety. Significant improvement was 
noted after 4 weeks use. The lack of change in vaginal cytology measures indicates a nonestrogenic effect 
of the tested extract in this critical organ. Likewise, the lack of significant changes in the levels of 
gynecologically relevant hormones does not indicate an overall estrogenic effect. In conclusion, the higher 
dose did not exert a significantly greater effect on any end point. Thus, the currently recognized standard 
dose of the isopropanolic aqueous C. racemosa extract should be preferred over the higher dose. Despite the 
absence of a placebo group, this study suggests that C. racemosa extract is associated with improvement 
in menopause symptoms without evidence of estrogenlike effects. 

Open-label trials 
Black cohosh open-label study #1 
The authors studied the changes in subjective symptoms of menopause in 2016 Hungarian women who had 
been treated with an isopropanol extract of Cimicifuga racemosa (black cohosh). The inclusion criteria were 
age (40-65 y). Kupperman index (20), and refusal or contraindication for estrogen therapy. The severity of 
the symptoms was evaluated at the start of the study and at the end of 4, 8, and 12 weeks of treatment. The 
average decrease in Kupperman index after 12 weeks of therapy was 17.64 points (P<.001). Based on the 
weighted symptom scores, favorable changes were found in hot flashes (-35%), sweating (-33%), insomnia 
(-39%),  anxiety (-43%), melancholy (-40%), vertigo (-35%), concentration disorders (-46%), arthritic pain 
(-64%), headache (-41%), and palpitation (-36%). The isopropanol extract of C racemosa was found to be 
effective in the alleviation of menopausal symptoms.  33

Black cohosh open-label study #2 
A prospective observational study  was carried out in 122 healthy symptomatic post-menopausal Spanish 34

women with elevated body weight, aged between 45 and 59 years. Three groups were formed according to 
age intervals. Each patient completed the Cervantes HR-QoL scale before and after Cimicifuga racemosa 
(CR) treatment (20 mg, twice a day for 3 months). Changes in Cervantes scale global quality of life scores as 
well as in their domains (menopause and health, psychic, sexuality and couple relationship) were analyzed. 
The results were that CR treatment ameliorated global quality of life in both the whole group of patients 
and when women were analyzed by age subgroups. There were significant positive changes in Z scores for 
the Cervantes HR-QoL scale 'menopause and health', and 'psychic' domains in both the entire population 
and by age groups. The 'sexuality domain' significantly improved when the entire population was assessed, 
but not when each age-group was separately analyzed; while there were no changes in 'couple relationship 
domain' scores. CR treatment increased both global quality of life and the four domains of the Cervantes 
HR-QoL scale, being an effective treatment to reduce symptoms in post-menopausal woman with elevated 
body weight. 

Additionally this study demonstrated that black cohosh extract significantly improved the Cervantes HR-
QoL scale 'sexuality domain' when the entire population was assessed, but not when each age-group was 
separately analyzed. 

Black cohosh open-label study #3 
Prospective, controlled open-label observational study  of 6141 women at 1287 outpatient gynecologists in 35

Germany. Subjects were treated with recommended doses of Black cohosh alone or in fixed combination 
with St. John's wort, with treatment chosen by the participating physicians in general clinical practice. 
Patients were followed up for 6 months, optionally 12 months. The primary effectiveness variable was 
Menopause Rating Scale (MRS) subscore PSYCHE at Month 3 evaluated by ANCOVA. The results were that 
the treatment groups were comparable at baseline, excepting the main MRS score and the PSYCHE score 
(monotherapy: 0.31+/-0.22; combination therapy: 0.42+/-0.23). Reductions from baseline were seen with both 
regimens for all variables. The changes in the primary variable remained significantly different between 
groups (p<0.001) when adjusted for differences at baseline with the combination therapy being superior: 
from 0.37 (adjusted) to 0.25 (95% CI: 0.24-0.25) and 0.23 (95% CI: 0.22-0.23) at Month 3 in the monotherapy 
and combination-therapy groups, respectively. The improvement by both therapies was maintained at 6 
and 12 months. The rate of possibly treatment-related adverse events was 0.16%, all non-serious. The 
researchers concluded that  
the results support the effectiveness and tolerability profiles of two Black cohosh-based therapies for 
menopausal symptoms in general practice. They were used differentially: the monotherapy for 
neurovegetative symptoms, the combination for patients with more pronounced mood complaints. The fixed 
combination of Black cohosh and St. John's wort was superior to Black cohosh alone in alleviating 
climacteric mood symptoms. 

Black cohosh open-label study #4 
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Women who reported significant hot flashes (> or = 14 per week) were enrolled in a pilot study  to estimate 36

the effectiveness of black cohosh to reduce hot flashes. Black cohosh was given in the form of the 
commercial product Remifemin. The first week was a no-treatment baseline period, and therapy was given 
for the subsequent 4 weeks. Hot flash data were collected by daily questionnaires during baseline and 
treatment weeks. Adverse effects were recorded. Twenty-one women completed the study. Their mean age 
was 56 years (range, 38-80). Thirteen patients had a history of breast cancer. Six patients were taking 
tamoxifen or raloxifene. Patients reported an average of 8.3 hot flashes per day during the baseline week. 
The results were that the reduction in mean daily hot flash frequency was 50% (95% CI, 34%-65%), while 
weekly hot flash scores were reduced 56% (95% CI, 40%-71%) at completion of the study. Overall, patients 
reported less trouble with sleeping, less fatigue, and less abnormal sweating. No patients stopped therapy 
because of adverse effects. Researchers concluded that Black cohosh appeared to reduce hot flashes and 
had a low toxicity. The efficacy found in this trial seems to be more than would be expected by a placebo 
effect (20%-30% hot flash reduction in previous trials). These results suggest that further evaluation of this 
black cohosh preparation with a phase III randomized trial is indicated. 

Bone support studies 
Black cohosh bone support study #1 
In a double-blind, placebo-controlled study,  the effects of the Cimicifuga racemosa (CR) preparation CR 37

BNO 1055 on markers of bone metabolism, hormones, sex hormone-binding globulin (SHBG), lipometabolism, 
vaginal maturity, and routine laboratory parameters were compared with those of conjugated estrogens 
(CE) and placebo in sixty-two postmenopausal women. Treatment duration with CR (daily dose corresponds 
to 40 mg of herbal drug), CE (0.6 mg/day), or placebo was 12 weeks. Markers of bone turnover (bone-specific 
alkaline phosphatase, CrossLaps), estradiol, follicle-stimulating hormone, leuteinizing hormone, SHBG, 
triglycerides, total cholesterol, high-density cholesterol, low-density cholesterol, and routine clinical 
chemistry parameters were determined from blood samples. Vaginal "maturity index" was determined from 
vaginal smears.The analyses of bone turnover markers indicated beneficial effects for CR and CE on bone 
metabolism. CR stimulated osteoblast activity, whereas CE inhibited osteoclast activity. Whereas CE 
showed strong estrogenic effects on vaginal mucosa, CR showed weak estrogen-like activity. No significant 
effects were seen on coagulation markers and liver enzymes in the blood. CR was well tolerated. In 
conclusion, results suggest that CR has beneficial bone remodeling and weak estrogen-like effects in the 
vaginal mucosa. 

Black cohosh bone support study #2 
Sixty-two evaluable postmenopausal women were included in a double-blind, randomized, multicentre 
study,  and treated either with the Cimicifuga racemosa preparation CR BNO 1055 (daily dose 38

corresponding to 40 mg herbal drug), 0.6 mg conjugated estrogens (CE), or matching placebo, for 3 months. 
Menopausal symptoms were assessed by the menopause rating scale (MRS) and a diary. Levels of 
CrossLaps (marker of bone degradation) were determined by ELECSYS system and bone-specific alkaline 
phosphatase (marker of bone formation) by an enzymatic assay. Endometrial thickness was measured via 
transvaginal ultrasound; vaginal cytology was also studied. The primary efficacy criterion was the change 
from baseline to end point in the MRS. Change from baseline was analyzed for the secondary variables too. 
The results were that CR BNO 1055 proved to be equipotent to CE and superior to placebo in reducing 
climacteric complaints. Under both verum preparations, beneficial effects on bone metabolism have been 
observed in the serum. CR BNO 1055 had no effect on endometrial thickness, which was significantly 
increased by CE. Vaginal superficial cells were increased under CE and CR BNO 1055 treatment. The 
researchers concluded that the results concerning climacteric complaints and on bone metabolism indicate 
an equipotent effect of CR BNO 1055 in comparison to 0.6 mg CE per day. It is proposed that CR BNO 1055 
contains substances with SERM activity, i.e. with desired effects in the brain/hypothalamus, in the bone and 
in the vagina, but without exerting uterotrophic effects. 

Black cohosh bone support study #3 
A 3-month prospective trial  was conducted on a group of 45 women with surgical or natural menopause to 39

determine whether 40 mg/day of Remifemin, an isopropanolic extract of Cimicifuga racemosa (iCR), resulted 
in any changes in a panel of bone biochemical markers, as well as if serum from treated women was 
capable of stimulating the cellular function in an osteoblastic cell line and expression of three capital 
genes for bone formation. 37 women participated as untreated controls. Results found that women treated 
with iCR underwent a statistically significantly (P<0.05) decrease in the urinary concentration of N-
telopeptides, a marker of bone resorption, and a statistically significantly (P<0.05) increase in alkaline 
phosphatase, a marker of bone formation, at the third month of therapy. Serum from treated women did not 
modify the activity of alkaline phosphatase or the expression of three genes, runt-related transcription 
factor-2 (Runx-2), alkaline phosphatase, and osteocalcin, when added to the MC3T3-E1 osteoblastic cell 
line. 
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Ginseng study 1 
Using a double-blind, placebo-controlled, balanced crossover 

design,  30 healthy young adults completed a 10 min test battery at 40

baseline, and then six times in immediate succession commencing 60 min after the day's treatment 
(placebo, 200mg G115 or 400mg G115). The 10 min battery comprised a Serial Threes subtraction task (2 min); 
a Serial Sevens task (2 min); a Rapid Visual Information Processing task (5 min); then a 'mental fatigue' 
visual analogue scale. Blood glucose was measured prior to each day's treatment, and before, during and 
after the post-dose completions of the battery. Both the 200mg and 400mg treatments led to significant 
reductions in blood glucose levels at all three post-treatment measurements (p 0.005 in all cases). The most 
notable behavioral effects were associated with 200mg of ginseng and included significantly improved 
Serial Sevens subtraction task performance and significantly reduced subjective mental fatigue throughout 
all (with the exception of one time point in each case) of the post-dose completions of the 10 min battery (p 
0.05).  

Overall these data suggest that Panax ginseng can improve performance and subjective feelings of mental 
fatigue during sustained mental activity. This effect may be related to the acute gluco-regulatory 
properties of the extract. 

Ginseng study 2 
Using a double-blind, placebo-controlled, balanced-crossover design , 27 healthy young adults completed 41

a 10 minute "cognitive demand" test battery at baseline. They then consumed capsules containing either 
ginseng (extract G115) or a placebo and 30 minutes later a drink containing glucose or placebo. A further 30 
minutes later (i.e. 60 minutes post-baseline/capsules) they completed the "cognitive demand" battery six 
times in immediate succession. Depending on the condition to which the participant was allocated on that 
particular day, the combination of capsules/drink treatments corresponded to a dose of: 0mg G115/0 mg 
glucose (placebo); 200mg G115/0 mg glucose (ginseng); 0 mg G115/25 g glucose (glucose) or 200 mg G115/25 g 
glucose (ginseng/glucose combination). The 10 minute "cognitive demand" battery comprised a Serial Threes 
subtraction task (2 min); a Serial Sevens subtraction task (2 min); a Rapid Visual Information Processing task 
(5 min); and a "mental fatigue" visual analogue scale. Blood glucose levels were measured prior to the day's 
treatment, and before and after the post-dose completions of the battery. The results showed that both 
Panax ginseng and glucose enhanced performance of a mental arithmetic task (Serial 3s) and ameliorated 
the increase in subjective feelings of mental fatigue experienced by participants during the later stages of 
the sustained, cognitively demanding task performance.  
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Effects of Cimicifuga racemosa on bone as reflected by 
changes in bone markers in women. The data 
represent the mean ± standard error of the mean and 
are expressed as the ra<o to their corresponding 
baseline values. Grey boxes: untreated control. Red 
boxes: treatment with Cimicifuga racemosa. NTx: 
Ntelopep<de of type I collagen. *P<.05 when 
comparing both groups.



Panax ginseng caused a reduction in blood glucose levels 1 hour following consumption when ingested 
without glucose. These results confirm that Panax ginseng may possess glucoregulatory properties and can 
enhance cognitive performance. 

MBP study 1 
The object of this study  was to examine the effects of milk basic protein (MBP) on bone metabolism of 42

healthy adult women. Thirty-three normal healthy women 
were randomly assigned to treatment with either placebo or 
MBP (40 mg per day) for six months. The bone mineral density 
(BMD) of the left calcaneus of each subject was measured at 
the beginning of the study and after six months of 
treatment, by dual-energy x-ray absorptiometry. Serum and 
urine indices of bone metabolism were measured at the base 
line, three-month intervals, and the end of the study. Daily 
intake of nutrients was monitored by a three-day food 
record made at three and six months. The mean (+/- SD) rate 
of left calcaneus BMD gain of women in the MBP group (3.42 
+/- 2.05%) was significantly higher than that of women in 
the placebo group (2.01 +/- 1.75%, P = 0.042). As compared 
with the placebo group, urinary cross-linked N-teleopeptides 
of type-I collagen, a bone resorption marker, was lower in 
the MBP group than in the placebo group at both three and 
six months (P=0.0074 and P=0.0244, respectively). The mean 
deoxypyridinoline excretion, another bone resorption maker, 
was also lower in the MBP group than in the placebo group 
at six months (P=0.0494). No significant differences between 
the two groups were observed in serum osteocalcin and bone-specific alkaline phosphatase concentrations. 
A daily MBP supplementation of 40 mg in healthy adult women can significantly increase their BMD 
independent of dietary intake of minerals and vitamins. This increase in BMD might be primarily mediated 
through inhibition of osteoclast-mediated bone resorption by the MBP supplementation. 

MBP study 2 
We studied  the effects of daily intake of milk basic protein (MBP) on radial bone mineral density (BMD) in 43

healthy adult women. Thirty-three healthy women were randomly assigned to a 6-month trial with either 
placebo or MBP (40 mg per day). The radial BMD of each volunteer was measured at the beginning of and at 
six months after the trial. The mean BMD value at the 6th month in the MBP group increased significantly at 
both 1/6 and 1/10 portion from the distal end of the radius, whereas that in the control group did not. The 
BMD gain of each volunteer in the MBP group was significantly higher than that in the placebo group. Thus a 
daily MBP supplementation of 40 mg in healthy adult women can significantly increase radial BMD. 

MBP study 3 
The object of this study  was to examine the effect of milk basic protein (MBP) on the bone metabolism of 44

healthy menopausal women. Thirty-two healthy menopausal women were randomly assigned to treatment 
with either placebo or MBP (40 mg per day) for 6 months. The bone mineral density (BMD) of the lumbar 
vertebrae L2-L4 of each subject was measured by dual-energy X-ray absorptiometry (DXA) at 0 and 6 
months of treatment. Serum and urine indices of bone metabolism were measured at 0, 3 and 6 months. 
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Twenty-seven subjects who completed the study in accordance with the protocol were included in the 
analysis. The mean rate of gain of lumbar BMD in the MBP group (1.21%) was significantly higher than in the 
placebo group (-0.66%, P=0.046). When compared with the placebo group, urinary cross-linked N-
telopeptides of type-I collagen (NTx) were significantly decreased in the MBP group at 6 months, but no 
significant difference in serum osteocalcin was observed between the two groups. The urinary NTx excretion 
was found to be related to serum osteocalcin in the MBP group at 3 and 6 months, indicating that MBP 
maintained the balance of bone remodeling. These results suggested that MBP supplementation was 
effective in preventing bone loss in menopausal women and that this improvement in BMD may be primarily 
mediated through the inhibition of bone resorption while maintaining the balance of bone remodeling by 
MBP supplementation. 

MBP study 4 
The object of this study  was to examine the effect of milk basic protein (MBP) on the bone mineral density 45

and bone metabolism of healthy young women. Thirty-five healthy young women were randomly assigned 
to treatment with either placebo or MBP (40 mg per day) for 6 months. The bone mineral density (BMD) of the 
lumbar vertebrae L2-L4 of each subject was measured by dual-energy X-ray absorptiometry (DXA) at 0 and 
6 months of treatment. Serum and urine indexes of bone metabolism were measured at 0, 3 and 6 months. 
All subjects completed the study in accordance with the protocol. Results: The mean rate of gain of lumbar 
BMD in the MBP group (1.57%) was significantly higher than in the placebo group (0.13%, P=0.042). When 
compared with the placebo group, urinary cross-linked N-telopeptides of type-I collagen (NTx) were 
significantly decreased, and serum osteocalcin was significantly increased in the MBP group at 6 months. In 
conclusion, these results suggested that MBP supplementation was effective in increasing BMD in young 
women and that this increase in BMD may be primarily mediated through the promotion of bone formation 
and inhibition of bone resorption by MBP supplementation. 

MBP study 5 
A 1-year randomized controlled trial  examined effects of milk basic protein (MBP) supplementation 46

(40 mg day−1) and daily physical activity (step count and duration of exercise > 3 metabolic equivalents 
[METs]) on bone metabolism, forearm bone mineral density (BMD) and a calcaneal osteosonic index (OSI) in 
79 females aged 65–86 years. MBP did not affect osteocalcin or bone-specific alkaline phosphatase, but at 
12 months, excretion of deoxypyridinoline and cross-linked N-teleopeptides of type I collagen (NTx) were 
significantly less than in controls. Experimental subjects also maintained BMD and had a 1.5% increase of 
OSI at 12 months. After adjustments for age and baseline bone parameters, osteocalcin, deoxypyridinoline, 
NTx and/or OSI at 12 months were significantly related to step count and/or duration of activity > 3 METs. 
MBP reduced markers of bone loss, particularly in the lower extremities. Reduced resorption of bone was 
also associated with moderate-intensity/duration exercise, MBP therapy interacting significantly with 
habitual physical activity. 

Vitamin D study 1 
Vitamin D3 is a prohormone produced in skin through ultraviolet irradiation of 7-dehydrocholesterol. The 
hormonal form of vitamin D3, ie, 1alpha,25-dihydroxyvitamin D3, acts through a nuclear receptor to carry 
out its many functions, including calcium absorption, phosphate absorption in the intestine, calcium 
mobilization in bone, and calcium reabsorption in the kidney. It also has several noncalcemic functions in 
the body. This overview provides a brief description of the physiologic, endocrinologic, and molecular 
biologic characteristics of vitamin D. It also provides information on new selective analogs of 1alpha,25-
dihydroyvitamin D3 for therapy.  47

Vitamin D study 2 
Vitamin D is essential for calcium metabolism as well as for fracture prevention. A multinational study  of 48

18 countries at various latitudes (range 64N-38S) was conducted in 2004 and 2005 to determine the average 
levels of serum 25(OH)D and the prevalence of vitamin D inadequacy. A total of 2606 postmenopausal 
women with osteoporosis (low bone mineral density, history of fragility fracture) seeking routine medical 
care were enrolled and serum 25(OH)D levels were measured at a single laboratory visit. Results showed 
that mean serum 25(OH)D level was 26.8 ng mL-1 (SE 0.3) and ranged from 7 to 243 ng mL-1. Regional mean 
values were highest in Latin America (29.6 ng mL-1, SE 0.6) and lowest in the Middle East (20.4 ng mL-1, SE 
0.5). Overall, 64% of women had serum levels<30 ng mL-1. Serum parathyroid hormone reached a nadir at 
serum 25(OH)D levels>35 ng mL-1. In nonequatorial countries, women recruited during the winter months had 
somewhat lower serum 25(OH)D levels than those recruited during the summer months in some, but not all, 
countries. In conclusion, low levels of serum 25(OH)D are common amongst women with osteoporosis. The 
results underscore the value of assuring vitamin D adequacy in these women. 

Vitamin D study 3  
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In a case control study,  researchers examined if vitamin K1 and 25(OH)D were associated with an 49

increased risk of hip fracture, and whether the possible synergistic effect of these two micronutrients is 
mediated through bone turnover markers.  Blood was drawn for vitamin K1, 25(OH)D, and the bone turnover 
marker osteocalcin upon admission for hip fracture and in healthy controls. Results were that vitamin K1 
and 25(OH)D were independently associated with a risk of hip fracture. The adjusted odds ratio (95% CI) per 
ng/ml increase in vitamin K1 was 0.07 (0.02-0.32), and that per nmol/L increase in 25(OH)D was 0.96 
(0.95-0.98). There was a significant interaction between 25(OH)D and vitamin K1 (p < 0.001), and a significant 
correlation between total osteocalcin and vitamin K1 and 25(OH)D (rho = 0.18, p = 0.01; rho = 0.20, p = 0.01, 
respectively). In conclusion, vitamin K1 and 25(OH)D are lower in hip fracture patients compared with 
controls. Vitamin K1 and 25(OH)D are independently and synergistically associated with the risk of hip 
fracture when adjusting for confounders. Intervention studies should include both vitamins. 

Vitamin D study 4 
In an 18-y prospective analysis  in 72 337 postmenopausal women, dietary intake and nutritional 50

supplement use were assessed at baseline in 1980 and updated several times during follow-up to assess 
relations between postmenopausal hip fracture risk and calcium, vitamin D, and milk consumption. We 
identified 603 incident hip fractures resulting from low or moderate trauma. Relative risks (RRs) from 
proportional hazards models were controlled for other dietary and nondietary factors. Results were that 
women consuming ≥ 12.5 microg vitamin D/d (i.e. ≥ 500 IU) from food plus supplements had a 37% lower risk 
of hip fracture (RR = 0.63; 95% CI: 0.42, 0.94) than did women consuming < 3.5 microg/d (i.e. < 140 IU). Total 
calcium intake was not associated with hip fracture risk (RR = 0.96; 95% CI: 0.68, 1.34 for > or = 1200 
compared with < 600 mg/d). Milk consumption was also not associated with a lower risk of hip fracture (P for 
trend = 0.21). In conclusion, an adequate vitamin D intake is associated with a lower risk of osteoporotic hip 
fractures in postmenopausal women. Neither milk nor a high-calcium diet appears to reduce risk. Because 
women commonly consume less than the recommended intake of vitamin D, supplement use or dark fish 
consumption may be prudent. 
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Vitamin D study 5 
A meta-analysis  was conducted to examine the relationship between vitamin D supplementation and  51

fracture. Participant-level data from 11 double-blind, randomized, controlled trials of oral vitamin D 
supplementation (daily, weekly, or every 4 months), with or without calcium, as compared with placebo or 
calcium alone in persons 65 years of age or older were pooled. Primary end points were the incidence of hip 
and any nonvertebral fractures according to Cox regression analyses, with adjustment for age group, sex, 
type of dwelling, and study. The primary aim was to compare data from quartiles of actual intake of 
vitamin D (including each individual participant's adherence to the treatment and supplement use outside 
the study protocol) in the treatment groups of all trials with data from the control groups. Researchers 
included 31,022 persons (mean age, 76 years; 91% women) with 1111 incident hip fractures and 3770 
nonvertebral fractures. Results showed that participants who were randomly assigned to receive vitamin D, 
as compared with those assigned to control groups, had a 10% reduction in the risk of hip fracture (hazard 
ratio, 0.90; 95% confidence interval [CI], 0.80 to 1.01) and a 7% reduction in the risk of nonvertebral fracture 
(hazard ratio, 0.93; 95% CI, 0.87 to 0.99). By quartiles of actual intake, reduction in the risk of fracture was 
shown only at the highest intake level (median, 800 IU daily; range, 792 to 2000), with a 30% reduction in 
the risk of hip fracture (hazard ratio, 0.70; 95% CI, 0.58 to 0.86) and a 14% reduction in the risk of any 
nonvertebral fracture (hazard ratio, 0.86; 95% CI, 0.76 to 0.96). Benefits at the highest level of vitamin D 
intake were fairly consistent across subgroups defined by age group, type of dwelling, baseline 25-
hydroxyvitamin D level, and additional calcium intake. In conclusion, high-dose vitamin D supplementation 
(≥800 IU daily) was somewhat favorable in the prevention of hip fracture and any nonvertebral fracture in 
persons 65 years of age or older.  
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Vitamin D study 6 
To quantify calcium absorption at two levels of vitamin D repletion, using pharmacokinetic methods and 
commercially marketed calcium supplements, two experiments  were performed in the spring of the year, 52

one year apart. In the first, in which participants were pretreated with 25-hydroxyvitamin D (25OHD, 
equivalent to 400 IU/day), mean serum 25OHD concentration was 86.5 nmol/L; and in the other, with no 
pretreatment, mean serum concentration was 50.2 nmol/L. Participants received 500 mg oral calcium loads 
(which included 200 IU vitamin D/day) as a part of a standard low calcium breakfast. A low calcium lunch 
was provided at mid-day. Blood was obtained fasting and at frequent intervals for 10 to 12 hours thereafter. 
Total daily vitamin D intake was 600 IU in the pretreated group and 200 IU in the no pretreatment group. 
Relative calcium absorption at the two 25OHD 
concentrations was estimated from the area under 
the curve (AUC) for the load-induced increment in 
serum total calcium. Results showed that AUC(9) (+/- 
SEM), was 3.63 mg hr/dL +/- 0.234 in participants 
pretreated with 25OHD and 2.20 +/- 0.240 in those not 
pretreated (P < 0.001). In brief, absorption was 65% 
higher at serum 25OHD levels averaging 86.5 nmol/L 
than at levels averaging 50 nmol/L (both values 
within the nominal reference range for this analyte). 
In conclusion, despite the fact that the mean serum 
25OHD level in the experiment without 
supplementation was within the current reference 
ranges, calcium absorptive performance at 50 nmol/L 
was significantly reduced relative to that at a mean 
25OHD level of 86 nmol/L. Thus, individuals with 
serum 25-hydroxyvitamin D levels at the low end of 
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the current reference ranges may not be getting the full benefit from their calcium intake. We conclude that 
the lower end of the current reference range is set too low.  

Vitamin D study 7 
For adults, the 5-μg (200 IU) vitamin D recommended dietary allowance may prevent osteomalacia in the 
absence of sunlight, but more is needed to help prevent osteoporosis and secondary hyperparathyroidism. 
Other benefits of vitamin D supplementation are implicated epidemiologically: prevention of some cancers, 
osteoarthritis progression, multiple sclerosis, and hypertension. Total-body sun exposure easily provides the 
equivalent of 250 μg (10000 IU) vitamin D/d, suggesting that this is a physiologic limit. Sailors in US 
submarines are deprived of environmentally acquired vitamin D equivalent to 20–50 μg (800–2000 IU)/d. The 
assembled data from many vitamin D supplementation studies reveal a curve for vitamin D dose versus 
serum 25-hydroxyvitamin D [25(OH)D] response that is surprisingly flat up to 250 μg (10000 IU) vitamin D/d. 
To ensure that serum 25(OH)D concentrations exceed 100 nmol/L, a total vitamin D supply of 100 μg (4000 
IU)/d is required. Except in those with conditions causing hypersensitivity, there is no evidence of adverse 
effects with serum 25(OH)D concentrations <140 nmol/L, which require a total vitamin D supply of 250 μg 
(10000 IU)/d to attain. Published cases of vitamin D toxicity with hypercalcemia, for which the 25(OH)D 
concentration and vitamin D dose are known, all involve intake of ≥1000 μg (40000 IU)/d. Because vitamin D 
is potentially toxic, intake of >25 μg (1000 IU)/d has been avoided even though the weight of evidence shows 
that the currently accepted, no observed adverse effect limit of 50 μg (2000 IU)/d is too low by at least 5-
fold.  53
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