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The purpose of this study was to validate the efficacy of a customized vitamin-mineral supplement on blood biomarkers in pre-menopausal females. Women (21–40 years old) who were apparently healthy were recruited from the local community (ClinicalTrials.gov trial registration NCT03828097). Pretesting (PRE) occurred in the morning 5 ± 2 days following each participant's menses and involved a fasted blood draw, body mass assessment, and blood pressure assessment. Participants were then randomly assigned in a double-blinded fashion to either the multivitamins (MV) (n = 43) or placebo group (n = 51). Participants consumed two capsules per day with breakfast for 12 weeks. Following the trial, participants reported to the laboratory for POST assessments, which replicated PRE procedures. Red blood cell fatty acid and serum micronutrient analyses were performed in a blinded fashion at hematology laboratories. A group × time interaction was observed for serum vitamin D levels (p < 0.001). MV increased levels from PRE to POST (+43.7%, p < 0.001), whereas no change occurred in the placebo group. Additionally, 78% of MV participants at PRE exhibited inadequate vitamin D levels (<40 ng/dl), whereas only 30% exhibited levels below this threshold at POST. An interaction was also observed for serum folate levels (p < 0.001). MV increased serum folate from PRE to POST (p < 0.001), whereas no change occurred in the placebo group. Red blood cell omega-3 fatty acid content increased from PRE to POST in the MV group (p < 0.001) and placebo group (p < 0.05), although POST values were greater in the MV group (p < 0.001). An interaction was observed for serum HDL cholesterol levels (p = 0.047), and a non-significant increase in this variable from PRE to POST occurred in the MV group (p = 0.060). Four-day food recalls indicated MV increased intake of omega-3 fatty acids, vitamin D, folate, and other micronutrients. In summary, MV supplementation increased serum vitamin D, serum folate, and red blood cell omega-3 fatty acid levels. However, these data are limited to healthy females, and more research is needed to examine if MV can affect metabolic disturbances in individuals with micronutrient deficiencies.

Keywords: multivitamin, women, omega-3, folate, vitamin D


INTRODUCTION

Nutrient inadequacy is a public health concern in the U.S. According to recent evidence, 31% of the U.S. population may be at risk of at least one vitamin deficiency or anemia (1), with women among the most vulnerable groups. The recent report from “What We Eat in America- National Health and Nutrition Examination Survey (NHANES) 2013–2016” also indicates that several nutrients including vitamin D, vitamin E, and iron are underconsumed in American women's diets with the highest inadequacy prevalence found for vitamin D (dietary intake is below estimated average requirement for >97% of women ages 19–50) (2). Data from NHANES also suggest that the U.S. population's intake of long chain omega-3 fatty acids is limited leading to a high ratio of omega-6/omega-3 fatty acid intake (3). Epidemiological data suggest that this intake pattern promotes the pathogenesis of a number of chronic conditions [reviewed in (4)].

Due to the prevalence of nutrient inadequacy in the American diet, supplementation may be an appropriate strategy to help individuals meet latest recommendations. However, previous research has been limited to older adults, with little information available regarding healthy premenopausal females. Moreover, there is a debate regarding the efficacy of multivitamins as results from clinical studies have not been consistent (5–9). This inconsistency may be explained by the composition of products being tested that provide different nutrients, non-uniform forms of nutrients, and an array of dosages. For example, orally administered vitamin D3 has been shown to elevate total serum 25-hydroxy vitamin D levels (denoted as serum vitamin D throughout) more robustly than the D2 form (9). Omega-3 is a nutrient that is not typically found in multivitamins but has demonstrated efficacy related to cardiovascular health (10–12). While there is disparity in the composition and efficacy of products tested, there is also the possibility of product label claims not meeting their actual analytic content when tested (13). Further limitations and inconsistencies may also be explained by the different types of studies being conducted (e.g., observational studies vs. clinical trials), as well as the demographic characteristics of subjects. Therefore, the primary purpose of this study was to conduct a clinical trial to validate the efficacy of a multivitamin and omega-3 supplement (termed MV herein), and determine whether 12 weeks of supplementation affected select serum micronutrient levels and red blood cell omega-3 fatty acid profiles in pre-menopausal women. We hypothesized that MV supplementation would increase serum vitamin D and folate levels compared to placebo supplementation. Moreover, we hypothesized that MV supplementation would increase red blood cell fatty acid levels compared to placebo supplementation.



METHODS


Ethics Approval and Participant Inclusion Criteria

All procedures in this study were approved by the Institutional Review Board at Auburn University (Protocol # 18-092 MR 1803), and this study conformed to the standards set by the latest revision of the Declaration of Helsinki. This study was also registered prior to data collection at clinicaltrials.gov (ClinicalTrials.gov trial registration NCT03828097). Potential participants were recruited through fliers from the local Auburn and Opelika communities. Eligible participants had to be female between the ages of 21–40 and free of cardio-metabolic diseases (e.g., morbid obesity, type II diabetes, severe hypertension). Participants had to self-report having a regular menstrual cycle and could not be former or current smokers. If participants consumed multi-vitamins, they had to discontinue usage 1 month prior to the study. Additionally, participants were screened via questionnaire to ensure that they had normal dietary habits, and were not consuming other nutritional supplements or medications which would affect serum micronutrients. Interested participants provided verbal and written consent to participate prior to data collection procedures outlined below.



CONSORT Diagram and Characteristics of Participants

The CONSORT diagram of the study is presented in Figure 1. In short, 105 females were deemed eligible and consented to partake in the study. One participant did not return following the consent visit to partake in pretesting. Of the 104 participants that engaged in PRE testing and were randomized to the MV or placebo group, 10 participants removed their self from the study during the 12-week trial due to personal reasons, but none discontinued due to adverse events. Thus, a total of 94 participants (n = 43 MV, n = 51 placebo) completed the study.
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FIGURE 1. CONSORT diagram. This figure illustrates the number of participants from enrollment to completion of the trial.




Testing Sessions

The testing session detailed below occurred during the morning hours (06:00–09:00) following an overnight fast, and procedures are described in the order that they occurred. These sessions occurred prior to the 12-week supplement trial (PRE), and after supplementation (POST). Notably, menstrual cycle logs were given to participants, and we requested that participants report to PRE and POST testing sessions 5 ± 2 days following each participant's menses of their last menstrual cycle. Participants were also given 4-day food logs prior to the PRE and POST testing sessions, and we requested that they return these logs during the visits after having completed the log over two typical weekdays and weekend days. Food log analyses are discussed later in the methods.



Urine Testing and Body Mass Assessment

At the beginning of each testing session, each participant performed a urine pregnancy test to confirm that she was not pregnant. Following this test, body mass and height were obtained using a digital column scale (Seca 769; Hanover, MD, USA) with weights and heights being collected to the nearest 0.1 kg and 0.5 cm, respectively.



Resting Heart Rate and Blood Pressure Assessments

Following body mass assessment participants sat in a chair for 5 min to obtain resting heart rate, systolic, and diastolic blood pressure. Measurements were obtained at the brachial artery using an automated blood pressure cuff (model BP785N; Omron Healthcare, INC., Lake Forest, IL, USA).



Blood Collection and Analyses

Venous blood samples were collected from the arm into a 6 ml serum separator tube (BD Vacutainer; Franklin Lakes, NJ, USA) and 4 ml EDTA tube (BD Vacutainer) using standard aseptic phlebotomy techniques. Serum tubes were centrifuged at 3,500 g for 10 min at room temperature. Serum aliquots were then placed in 3 ml polypropylene tubes and stored at −80°C until shipment for downstream assays. Whole blood from EDTA tubes was aliquoted into 1.7 ml polypropylene tubes and stored at −80°C until shipment for red blood cell fatty acid analysis.

Following completion of specimen collection, frozen whole blood was shipped on dry ice to a commercial entity (OmegaQuant; Sioux Falls, SD, USA) who performed red blood cell fatty acid composition analysis in a central CLIA-certified laboratory. Serum tubes were sent to the local Auburn-Opelika hospital and analyzed for general chem-20 panels as previously reported by our laboratory (14, 15). Serum was also analyzed for vitamin D 25-OH levels and folate levels. Critically, all tubes had no participant identifier information on them except a subject number (S1 through S105) and the term “PRE” or “POST” to indicate the time point when blood was obtained.



Supplementation Period and Participant Monitoring

Following IRB approval, the manufacturer shipped 100 MV (Natals, Inc, known as RitualTM) bottles and 100 placebo bottles to Auburn investigators. Each bottle contained 200 pills, and pills were visually-identical and similarly-flavored between conditions. Each serving of MV (per two beadlets-in-capsule serving) contained 50 μg (2,000 IU) of vitamin D3, 6.7 mg alpha tocopherol (10 IU) of vitamin E as mixed tocopherols, 90 μg vitamin K2 MK7, 600 μg (1,000 DFEs) 5-methyltetrahydrofolate, 8 μg B12, 8 mg iron, 50 mg magnesium, 1 mg boron, and 320 mg omega-3 fatty acids. Each serving of placebo contained predominantly safflower with cellulose beadlets. The only information on each bottle was a random five-digit code generated by the manufacturer. Auburn investigators distributed one bottle to each participant in a double-blinded fashion following the blood collection during PRE, and briefed participants on the supplementation protocol. In short, participants were instructed to consume two capsules per day of their respective supplement with breakfast for 12 weeks. Participants were also instructed to start supplementation the day following PRE testing, end supplementation the day prior to POST testing, and return bottles with unconsumed pills at the POST testing session. During the supplementation period, the study coordinator emailed participants on a monthly basis to monitor supplement compliance and side effects. Following the procurement of all blood data, the manufacturer debriefed Auburn researchers by providing a key containing information relating the 5-digit bottle identification codes to the MV or placebo capsules.

Notably, MV was formulated with the intent to provide additional support to the female diet based on data from the National Health and Nutrition Examination Survey suggesting that intakes of the micronutrients contained within the supplement, as well as omega-3 fatty acid intakes, are low (www.usda.gov). Micronutrient and omega-3 quantities were validated for MV using high performance liquid chromatography and Inductively Coupled Plasma method by a third party (Eurofins Scientific, Petaluma, CA, USA).



Food Log Analysis

Pre- and post-trial 4-day food logs were analyzed using commercially available software (ESHA Food Processor v.11.1, ESHA Research; Salem, OR, USA). All data are presented as daily intake values, which were averaged over the 4-day entries. For the MV group, micronutrient values were analyzed with and without the MV contents and compared to the placebo group.



Statistics

Prior to data collection, sample size calculations were performed using prior research demonstrating that supplements containing vitamin D and/or folate could significantly elevate blood levels of these micronutrients. We determined that an n-size of ~30–40 individuals per group would yield adequate power to detect significant differences in these variables.

Statistical analyses were performed in SPSS (Version 25; IBM SPSS Statistics Software, Chicago, IL, USA). Prior to statistical testing, outlier removal was performed on main outcome variables by removing participant data points with values that exceeded ±3 standard deviations from the mean in each group at PRE and/or POST. Notably, outlier removal was decided upon a priori. If a participant was removed at PRE, their data was also removed at post and vice versa. Thereafter, dependent variables at PRE and POST were analyzed for normality using Shapiro-Wilk tests. Select dependent variables at baseline were analyzed between groups using independent samples t-tests, and all other dependent variables were analyzed between groups over time using two-way (group or supplement condition × time) repeated measures ANOVAs. Results for each dependent variable are presented as main effects of time and group, and a group × time interaction. When a significant group × time interaction was observed, LSD post-hoc tests were performed within and between groups at the PRE and POST time points to determine where differences occurred. Details regarding outlier removal, data normality, and parametric vs. non-parametric post-hoc tests for each dependent variable are detailed in the results section. All data in tables and figures are presented as mean ± standard deviation values, and statistical significance was set at p < 0.05.




RESULTS


Participant Characteristics

Participants in the placebo group were 24 ± 4 years old and had a body mass index (BMI) of 23.3 ± 2.9 kg/m2. Participants in the MV group were 23 ± 3 years old and had a BMI of 23.1 ± 2.7 kg/m2. There were no differences between groups for these variables at baseline (age p = 0.584, BMI p = 0.632).



Self-Reported Side Effects and Compliance

Self-reported side effects data during the 12-week trial are presented in Table 1. In short, seven MV participants reported minor adverse events, and six placebo participants reported minor adverse events. Notably, one participant in each group a side effect that persisted throughout the study (i.e., dry skin, and acne).


Table 1. Perceived side effects.

[image: Table 1]

Regarding supplementation compliance, 48/51 of the placebo participants and 42/43 MV participants returned bottles with remaining pills at the end of the study. Over the duration of the trial participants were expected to consume 168 pills (12 weeks × 7 days per week × 2 pills per day). However, this varied between individuals given differences in menstrual lengths in proximity to POST testing. Of the participants that returned bottles, the MV group consumed 164 ± 9 pills during the study, and the placebo group consumed 167 ± 9 pills during the study (p = 0.105, data not shown). The three participants that did not return pill bottles verbally confirmed that they were compliant throughout the study.



Pre- and Post-trial Body Mass, Heart Rate, and Blood Pressure

Body mass, heart rate, and blood pressure data at PRE and POST are presented in Table 2. No significant group × time interactions were evident for any of these variables.


Table 2. Body mass, heart rate, and blood pressure.

[image: Table 2]



Pre- and Post-trial Vitamin D 25-OH and Folate Levels

Of the 43 MV and 51 placebo participants that completed the study only 40 and 45, respectively, yielded enough serum for vitamin D 25-OH and folate analyses. At PRE and POST, one participant in the placebo group displayed vitamin D values that were >3 standard deviations greater than the group mean at PRE and POST; thus, this participant was removed from analyses. Following the removal of this participant, serum vitamin D values at PRE and POST were not normally distributed (Shapiro-Wilk p < 0.001). Two-way ANOVAs indicated a group × time interaction existed for serum vitamin D (p < 0.001, Figure 2A). Parametric post-hoc analyses indicated this variable increased from PRE to POST in the MV group (p < 0.001). Additionally, parametric post-hoc analysis indicated POST values for serum vitamin D was greater in the MV vs. placebo group (p = 0.001). Non-parametric post-hoc analyses yielded similar findings. The current paper considered serum vitamin D levels below 40 ng/dl threshold to be suboptimal (16, 17) and the result showed that at PRE, 34/45 (76%) placebo participants and 31/40 (78%) MV participants had values below this threshold. At post, however, only 12/40 (30%) MV participants were still below this threshold, whereas 32/45 (71%) of placebo participants were below this threshold.


[image: Figure 2]
FIGURE 2. (A,B) Changes in serum vitamin D and folate levels between groups. Bar graphs are plotted as means ± standard deviation values (which are also indicated numerically at the bottom of each bar), and gray data points indicate individual respondents. The significant group × time (G × T) interactions for each variable prompted LSD post-hoc tests within each group and between groups at each time point. Both serum markers increased from PRE to POST in MV group (*p < 0.05). Additionally, POST values for both serum markers were elevated in the MV vs. placebo group (#p < 0.05).


Although there were no outliers for serum folate, values were also non-normally distributed at PRE and POST. Additionally, the upper assay limit for serum folate was 24.8 ng/ml. Some of the placebo (n = 6) and several MV participants (n = 2) realized this threshold at PRE, and some realized this threshold at POST as well (placebo n = 13, MV n = 33). Two-way ANOVAs indicated a group × time interaction existed for serum folate (p < 0.001, Figure 2B). Parametric post-hoc analyses indicated this variable increased from PRE to POST in the MV group (p < 0.001). Additionally, parametric post-hoc analysis indicated POST values for serum folate was greater in the MV vs. placebo group (p < 0.001). Non-parametric post-hoc analyses yielded similar findings.



Red Blood Cell Fatty Acid Content

Select red blood cell fatty acid concentrations are presented in Table 3, and all data are presented as the percent contribution of each fatty acid to the total fatty acid pool. Of the 43 MV participants that completed the study, only 42 yielded enough blood for analyses. There were no outliers for omega-3 fatty acids or linoleic acid. There was one outlier in the placebo group for docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA). There was an additional outlier in the placebo group for arachidonic acid, and one outlier in the MV group for this variable as well. When removing these outlier values, all variables except for EPA were normally distributed. Two-way ANOVAs indicated group × time interactions existed for omega-3 fatty acids (p < 0.001), DHA (p < 0.001), EPA (p < 0.001), arachidonic acid (p < 0.001), and the omega-6/omega-3 ratio (p < 0.001). Post-hoc analyses indicated an increase from PRE to POST in omega-3 fatty acids and DHA occurred in the placebo group (p < 0.05), and increases in omega-3 fatty acids, DHA, and EPA occurred in the MV group (p < 0.001). Additionally, the omega-6/omega-3 ratio decreased in the MV group (p < 0.001), whereas no change occurred in the placebo group. POST values for omega-3 fatty acids, DHA, and EPA were greater in the MV vs. placebo group (p < 0.001). Additionally, arachidonic acid and the omega-6/omega-3 ratio decreased in the MV group from PRE to POST (p < 0.05 and p < 0.001, respectively). Arachidonic acid values also increased in the placebo group from PRE to POST (p = 0.001), and values in the placebo group at POST were greater than the MV group (p = 0.001). Non-parametric post-hoc analyses yielded similar findings for EPA; specifically, a Wilcoxin signed rank test indicated this variable increased from PRE to POST in the MV group (p < 0.001), and a Mann-Whitney U test indicated values for this variable were greater in the MV group at POST (p < 0.001).


Table 3. Pre- and post-trial red blood cell fatty acid data.
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Pre- and Post-trial Serum Markers of Clinical Safety

Serum markers of clinical safety are presented in Table 4 below. No outliers were detected for any of these variables in either group. Only serum phosphorus and all cholesterol-related variables were normally distributed. A two-way ANOVA indicated a group × time interaction existed for serum high-density lipoprotein (HDL) cholesterol. However, post-hoc analyses indicated a non-significant increase in this marker occurred in the MV group (p = 0.061), whereas no change occurred in the placebo group (p > 0.10). No other group × time interactions existed for other assayed variables. Given that HDL cholesterol was the only variable to show a group × time interaction, and this variable was normally distributed, non-parametric post-hoc statistics were not performed.


Table 4. Serum markers of clinical safety.
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Pre- and Post-trial Self-Reported Food Log Data

Self-reported food log data are presented in Table 5 below, and these data in the MV group contain the omega-3 and micronutrient values added from daily MV supplementation. Of the 43 MV and 51 placebo participants that completed the study, only 41 and 46, respectively, turned in food logs at both the PRE and POST time points. None of these variables were normally distributed. Two-way ANOVAs indicated group × time interactions existed for omega-3 fat intake (p = 0.008), folate intake (p < 0.001), iron intake (p < 0.001), vitamin B12 intake (p < 0.001), vitamin D intake (p < 0.001), vitamin E intake (p < 0.001), and vitamin K intake (p < 0.009). Parametric post-hoc analyses indicated that all of these variables increased from PRE to POST in the MV group only (p < 0.05), and non-parametric post-hoc analyses yielded similar results. Additionally, with the exception of omega-3 intake, self-reported intakes for all of the other aforementioned variables were greater at POST in the MV vs. placebo group (p < 0.05), and non-parametric post-hoc analyses yielded similar results. There was an interaction for omega-6 fatty acid intake, and this interaction was driven by the non-significant decrease in self-reported intakes in the placebo group (p = 0.074). While the interaction approached statistical significance for the dietary omega-6/omega-3 ratio (p = 0.051), post-hoc analysis indicated that this metric decreased in the MV group (p < 0.001), and MV values at POST were significantly less than placebo values at POST (p = 0.001). Notably, there were no interactions observed for data in Table 5 when these data were analyzed without the MV omega-3 and micronutrient values being added to the MV group (data not shown).


Table 5. Self-reported food intake.
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DISCUSSION

We sought to examine if a novel multivitamin supplement, which also contained omega-3 fatty acids, affected select serum micronutrient levels and red blood cell fatty acid profiles in pre-menopausal women during a 12-week supplementation period. Main findings from this study were that MV supplementation: (i) increased serum vitamin D levels and serum folate levels, and (ii) increased red blood cell omega-3 fatty acid content and altered various red blood cell fatty acid ratios suggestive of increased n-3 fatty acids and decreased n-6 fatty acid levels. We also observed an interaction for serum HDL cholesterol levels, and this was driven by the non-significant increase in this variable in the MV group. MV supplementation was safe and well-tolerated as determined by the blood pressure data, other serum markers (i.e., markers of liver and kidney function), and self-reported side effects. These findings are discussed in greater detail below.

NHANES data suggest millions of Americans have nutrient inadequacy or micronutrient deficient. Our finding that MV supplementation increased serum vitamin D levels compared to the placebo condition is a compelling finding. First, these data are impactful given that vitamin D deficiencies are highly prevalent (18). As shown in the results, it is also notable that several females in the MV group who were classified as vitamin D inadequate (<40 ng/dl) did not present low values at the POST time point. Thus, not only does MV supplementation increased serum vitamin D levels in general, but MV was effective at elevating serum vitamin D levels in females that presented a vitamin D inadequacy. Vitamin D deficiencies have been linked to endocrine disruption (19), depression (20), and the risk of developing osteoporosis later in life (21). While none of these physiological aspects were interrogated herein, future research is needed to determine if MV supplementation can mitigate these factors in individuals with low serum vitamin D levels. MV supplementation also increased serum folate levels. However, it should be noted that the serum folate data were confounded by the upper limit of the assay (i.e., 24.8 ng/ml). Another limitation is the lack of red blood cell folate data. The red blood cell folate assay has historically been recommended as a more reliable indicator of folate stores compared to the serum folate assay, as it is not affected by recent ingestion of food. Future research is needed to apply more precise assays capturing contribution of folate supplementation on red blood cell folate as well as folate metabolites.

As also mentioned previously, the dietary intake of omega-3 fatty acids, particularly long chain fatty acids, is generally low, and low omega-3 fatty acid intakes have been associated with diseases linked to low-grade inflammation (e.g., cardiovascular diseases, osteoarthritis, and cancer) (22). Not only did MV supplementation increase red blood cell omega-3 content, but it also reduced red blood cell arachidonic acid levels. This is an intriguing finding given that arachidonic acid is a substrate for pro-inflammatory prostaglandins (23). In lieu of these findings, however, it should be noted that our participant population was made up of relatively younger female adults who were apparently healthy. It is certainly possible that certain biomarkers reflective of systemic inflammation may have been marginally improved with MV supplementation given the supporting evidence cited herein. However, we opted not to examine how MV supplementation affected these markers (e.g., cytokines or prostaglandins) since prior data from our laboratory has shown these markers are low and difficult to detect in younger and apparently healthy participants (24). Notwithstanding, our data warrant examining the effects of MV supplementation in older persons who are susceptible to low-grade inflammation. It is also notable that the non-significant increase in serum HDL levels in MV vs. placebo participants may have been due to the omega-3 content in the MV supplement. In this regard, previous research has shown that lower-dose omega-3 supplementation (~300–400 mg/day) increases serum HDL cholesterol and positively affects serum lipid levels in healthy individuals (25, 26). Again, we are unsure as to whether this change in the MV-supplemented participants was meaningful given that they were relatively healthy. Nevertheless, and as alluded to above, these findings warrant longer-term MV supplementation studies in different population cohorts which may possess lower HDL levels and/or dyslipidemia.



LIMITATIONS

A limitation of these current data is that this study was performed in relatively healthy, younger females. Thus, as mentioned above, it remains to be determined as to whether MV can mitigate various metabolic conditions that may be partially attributed to micronutrient deficiencies. As mentioned prior, our folate assay was confounded by the upper limit of the assay being reached by several individuals in the MV group, and this is an unresolved limitation. Another limitation is the lack of control for physical activity as well as sunlight exposure, as both can likely alter certain dependent variables (e.g., blood vitamin D and lipid levels). Finally, while MV supplementation reversed vitamin D inadequacies to a large degree, we are uncertain as to whether changes in other assayed variables yielded clinically meaningful physiological changes given that the participants were apparently healthy. Hence, as stated above, examining whether the MV supplement can mitigate nutritional deficiencies or metabolic perturbations is warranted.



CONCLUSIONS

This study demonstrates that MV supplementation was effective at increasing serum vitamin D and folate levels, and favorably altering red blood cell fatty acid levels in healthy pre-menopausal women. MV supplementation appeared to be safe and well tolerated given that blood pressure and serum markers of clinical safety were not affected. All of these findings warrant future longer-term investigations as to whether MV supplementation can positively affect blood biomarkers and associated health outcomes in populations who are dyslipidemic, present low-grade inflammation, and/or are vitamin D or folate-deficient.
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some of these variables were different in the MV vs. placebo group (#p < 0.05). Notably,
the significant decrease in red blood cell arachidonic acid content is indicated by “**.
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Self-reported mecronutrient and micronutrient intakes when taking into consideration the MV omega-3 and micronutrient velues added to the MV group. Al data presented as mean
standard deviation values. Seff-reported intakes that changed from PRE to POST in the MV group are indicated by " (o < 0.05). Sef-reported intakes that were different in the MV vs.

placebo group at POST are indicated by “#” (p < 0.05). While none of the variables were normally distributed, non-parametric statis

tics confirmed results provided by parametric statistics.
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