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                    Abstract
Background
Solar ultraviolet (UV) radiation has deleterious effects on the skin, including sunburn, photoaging and cancer. Chocolate flavanols are naturally-occurring antioxidant and anti-inflammatory molecules that could play a role in preventing cutaneous UV damage. We investigated the influence of 12-week high-flavanol chocolate (HFC) consumption on skin sensitivity to UV radiation, measured by minimal erythema dose (MED). We also evaluated skin elasticity and hydration.
Methods
In this 2-group, parallel, double-blind, randomized controlled trial, 74 women aged 20–65 years and Fitzpatrick skin phototypes I or II were recruited from the general community in Quebec City, for randomization to either HFC (n = 33) or low-flavanol chocolate (LFC) (n = 41). A blocked randomisation (4), considering date of entry, skin type and age as factors, generated a sequentially-numbered allocation list. Study participants and research assistants were blinded. Totally, 30 g of chocolate were consumed daily for 12 weeks, followed by a 3-week washout period. MED was assessed at baseline and at 6, 9, 12 and 15 weeks. Main outcome was changes in MED at week 12.
Results
33 participants in the HFC group and 41 in the LFC group were analyzed with 15 weeks of follow-up. Both groups showed similarly-increased MED at 12 weeks (HFC: 0.0252 ± 0.1099 J/cm2 [mean ± standard deviation (SD)]; LFC: 0.0151 ± 0.1118; mean difference (MD): 0.0100 J/cm2; 95% confidence interval (CI): -0.0417 to 0.0618). However, after 3-week washout, the HFC group presented decreased MED (-0.0248 ± 0.1145) whereas no effect was seen in the LFC group (0.0168 ± 0.1698) (MD: -0.0417; 95% CI: -0.1106 to 0.0272). Net temple elasticity increased slightly but significantly by 0.09 ± 0.12 mm in the HFC group at 12 weeks compared to 0.02 ± 0.12 mm in the LFC group (MD: 0.06; 95% CI: 0.01 to 0.12 ). No significant adverse events were reported.
Conclusion
Our study failed to demonstrate a statistically-significant protective effect of HFC vs. LFC consumption on skin sensitivity to UV radiation as measured by MED.
Trial registration
ClinicalTrials.gov identifier: NCT01444625
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                    Introduction
Associated with morphological and physiological changes, aging of the skin is a complex process that reflects inevitable chronological aging accentuated by environmental factors. Although several genetic and environmental elements interplay, the most well-understood mechanism by which skin aging occurs is through chronic solar ultraviolet (UV) radiation, known as photoaging [1, 2]. Indeed, chronic solar UV exposure has multiple damaging effects, such as wrinkling, dryness, dyspigmentation, epidermal thinning and increasing fragility. Changes, especially in elastic fibers of the dermis, result in loss of flexibility and tensile strength, with collagen shortfall, inducing skin stiffness [1]. UV radiation is one of the most ubiquitous carcinogens in our environment, and skin cancers represent one of the major consequences of excessive exposure. In addition, evidence is growing in support of the view that UV levels are rising because of stratospheric ozone depletion and climate change [3–6].
Various strategies are possible for skin support in defense against damaging environmental influences, particularly sun exposure. The World Health Organization recommends wearing protective c1othing, avoiding mid-day sun and applying sunscreen. Yet, studies have disclosed that on sunny days no more than 65-67% of Danish sunbathers use sunscreen at the beach, and only 46% of sunscreen users applied it all over their body [7]. In a Canadian study, 40% to 48% of individuals reported practising protective behaviours, such as applying sunscreen to the body, wearing protective clothing, seeking shade and avoiding the sun between 11 am and 4 pm [8].
The concept of photoprotection by dietary means is gaining momentum, and interest is growing in natural dietary polyphenols for the prevention of UV-induced damage [2, 7, 9]. Flavanols, a subclass of polyphenols, possess efficient antioxidant [10–14] and anti-inflammatory [15–20] properties. Recent but scarce data indicate that chronic ingestion of high-flavanol cocoa might be a promising approach to dietary photoprotection against UV light. [21–23] Furthermore, flavanol-rich cocoa intake has been shown to increase microcirculation in human skin [24]. Nutritional photoprotection with flavanol-rich chocolate is a promising area for research, but double-blind clinical trials are required to confirm experimental findings.
As flavanols exert antioxidant, anti-inflammatory and anti-DNA-damaging effects that may enhance the skin’s microcirculation, we hypothesized that chronic flavanol-rich chocolate consumption may represent an effective strategy to protect against harmful UV radiation.
Our study’s primary objective was to investigate the impact of 12-week high-flavanol chocolate (HFC) consumption vs. LFC on skin sensitivity to UV radiation, measured by minimal erythema dose (MED). Its secondary objectives were to assess the effects of HFC vs. LFC on mechanical skin elasticity by cutometer and hydration by corneometer.


Methodology
Research design
We undertook a 2-group, parallel, double-blind, randomized clinical trial (RCT) with a 3-week washout period.
Ethics statement
The protocol and consent form for this study were approved by the institutional health science research ethics committee of Université Laval, Quebec. Appointments were scheduled for eligible women, where the risks and benefits of their possible participation were reviewed in detail. The informed consent form was read and signed by them before study inclusion.
Study participants
Between July 2011 and March 2012, we enrolled non-smoking healthy women aged 20 to 65 years who had normal skin types I or II, as described by Fitzpatrick [25].
We excluded patients with one or more of the following conditions: pregnancy or breast- feeding, photosensitivity, history of skin cancer, photosensitizing medication, sunbed tanning or sunbathing in preceding 3 months, planned sunbed tanning or sunbathing during the study period, supplements of any kind (fish oil, coenzyme Q-10, garlic, lycopene, beta-carotene, etc.), except for medically-prescribed supplements or natural health products, consumption of ≥2 alcoholic drinks per day, allergy or intolerance to nuts or chocolate, body mass index (BMI) >35, hormone replacement therapy (HRT) or hormonal contraception in the preceding 6 months before the pre-randomization visit, or planned HRT or hormonal contraception during the study period. Women with systolic blood pressure ≥160 mmHg, diastolic blood pressure ≥100 mmHg, or treated with antihypertensive medication(s) were also excluded.
Recruitment and randomization
Women were recruited from the general population of Quebec City through websites, email, newspapers, radio-television advertising, and flyers posted in clinics. Potential study participants in the study contacted the study coordinator who explained the research project to them and verified inclusion and exclusion criteria.
Allocating participants to trial groups
At the randomization visit, participants were randomly assigned to either HFC (experimental group) or low-flavanol chocolate (LFC, placebo group). The randomization schedule was prepared at the St-François d'Assise Research Centre statistics unit. A blocked randomisation (4) was computer-generated by a statistician who was not involved in the study. It was stratified according to skin type (I and II) and age (30–35 years; 36–49 years; 50–65 years). A first list of randomisation was generated according to an equal number of participants in each age and skin type stratum. After three months of recruitment, proportion of women with skin type 2 and age 50–65 were more prevalent than expected and a new independent list of randomisation was generated.
Intervention
Daily chocolate intake (30 g)
Study participants consumed 1 chocolate square 3 times per day (30 g/day) for 12 weeks, included in participants’ regular diet in place of an equivalent food in terms of energy and macronutrient content. The nutritional contents of each HFC and LFC square (10 g) are presented in Additional file 1: Table S7. HFC provided 600 mg of flavanols daily.
HFC and LFC were supplied as chocolate bars by Barry-Callebaut, Lebeke-Wieze, Belgium. All steps of chocolate production (fermentation, drying, roasting, and alkalinization) were optimized to preserve antioxidants. Chocolate bars were standardized for their flavanol and theobromine content and matched for caloric load, nutrients and caffeine. They were similar in taste and colour and were supplied in individual, opaque packaging. 30 g of chocolate contained less than 25 mg of caffeine.
Measurements
Recruited participants presented at the Institute of Nutrition and Functional Foods (INAF) clinical facility for a total of 10 visits, including 5 10-minute visits 24 hours after each main visit, for MED assessment.
Participants were asked to abstain from chocolate consumption, other than the study product, for the study’s duration, including the washout period, and for 7 days before the randomization visit. Intense physical activity was forbidden for 48 hours preceding each visit. Women could not apply any body lotion, gel or moisturizer on the skin for the 24 hours preceding each visit.
Baseline
A short questionnaire documenting social and demographic characteristics, alcohol consumption, and medication, was completed by participants. Anthropometric data (body weight, height and body fat percentage) were measured according to a standard protocol. [26] Food habits and f1avonoid consumption during the last month were estimated by validated food frequency questionnaire (FFQ) [27]. Sun exposure (>30 minutes daily) and sun protection practices during the last summer and last week were evaluated by validated auto-administered questionnaire [28]. Blood samples were collected. MED and skin elasticity were measured, as were hydration parameters.
Follow-up visits
Participants returned to our clinical research facility for follow-up visits at weeks 6, 9, and 12. All measurements at the 12th week visit were repeated after a 3-week washout period (15th week visit). MED, skin elasticity and hydration parameters were tested during each follow-up visit. Anthropometric data were collected. Blood samples were taken at every visit, in the morning after overnight fasting except for their morning 10-g intake of chocolate, for measurement of plasma flavanols and methylxanthines. Blood pressure was measured at every visit. Participants completed the FFQ to estimate their food consumption in the last month. Sun exposure and protection practices during the previous week were evaluated. Women returned 24 hours later for a 15-minute visit to assess the MED results.
Evaluation of side-effects
BMI (kg/m2) and body fatness were assessed by bioelectrical impedance according to the validated Tanita technique. [26] Digestive and other symptoms (nausea, abdominal pain, constipation, and headache) were documented by questionnaire administered at randomization and at each study visit. Blood lipid profile and glucose were measured at baseline, at week 12 and after the 3-week washout period.
Technical procedures
Minimal erythema dose
Defined as the lowest UV dose to elicit just perceptible erythema at 24 hours, MED was assessed by an automatic Durham erythema dose tester emitting narrowband ultraviolet B (UVB) light (emission peak 311 nm). This valid and reproducible method [29] involves a small hand-held unit containing low-pressure TL-01 tubes and a 10-aperture plate with metal foil attenuators designed to administer a 1.26 dose series (i.e. dose increments of 1.26 times the previous dose). The time period of MED tester application on the skin, corresponding to maximum dosage at open aperture, was determined by patients’ Fitzpatrick skin type. The attenuation factor of other apertures produced a dose sequence, with each subsequent hole receiving a smaller dose than the previous one. The test device was switched on for 10 minutes to reach optimum performance. After 10 minutes, the unit was switched off, and the test commenced immediately. Exposure time listed on previously-selected dosage was set and the device placed on a forearm (the same side was then used for all subsequent measures). The timer and tester were switched on simultaneously, and good skin contact was maintained. When the alarm sounded, the tester was switched off. All tests on each patient were performed at the same vertical level. MED was evaluated clinically under controlled, artificial lighting by determining which aperture presented just perceptible erythema 24 hours after irradiation, in accordance with a validated method for MED testing with the Durham erythema dose system [30–34].
Skin elasticity parameters
Skin parameters were assessed by Cutometer (MPA580, Courage & Khazaka, Cologne, Germany) [35]. Measurements were based on the suction method. Negative pressure was created in the device, and skin was drawn into the probe’s aperture. Penetration depth was ascertained by a non-contact optical system consisting of a light source and light receiver as well as 2 prisms facing each other, projecting light from the transmitter to the receiver. Light intensity varied with penetration depth. With larger probe apertures, deeper layers of the skin are deformed by suction. We, therefore, chose an 8-mm aperture. The resistance of skin sucked up by negative pressure (firmness) and its ability to return to its original position (elasticity) were displayed as curves at the end of each measurement. The cutometer generated a graph (Additional file 1: Figure S1) depicting immediate deformation or skin extensibility (Ue), delayed distention (Uv), final deformation (Uf) and immediate retraction (Ur). Ur/Ue ratio, or net elasticity, was the parameter of choice for quantifying skin aging, since it represented the ability of skin to recover after deformation. This parameter is independent of skin thickness. We evaluated final skin distension (distensibility), overall elasticity and net e1asticity [36].
Before skin measurement, the participants remained in a seated position for 10 minutes, in an environmentally-controlled room (temperature: 22 ± 2°C, relative humidity: 40-60%), for acclimatization to ambient conditions.
Skin hydration parameters
The CM 825 Corneometer (Courage & Khazaka, Cologne, Germany), a well-established and accurate system, estimated skin surface hydration level. It is principally based on capacitance measurement of dielectric media. Changes in the dielectric constant due to variation of skin surface hydration alter capacitance of the precision-measuring capacitor. Reproducibility of the instrument is high (coefficient of variation ± 3%). Measurement time is about 1 second. Even slight modifications of hydration level can be detected [37].
Plasma flavanols and methylxanthines concentrations
Flavanols were measured in the INAF laboratory by P. Dubé. They were purified by solid extraction, followed by high-pressure liquid chromatography with a fluorescence detection system [38]. Methylxanthines were quantified by high-pressure liquid chromatography [39].
Compliance
Study participants received a telephone reminder in the week preceding each visit. To promote chocolate compliance, the research coordinator telephoned them a few days before each study visit. A new appointment was scheduled if participants missed a visit. In addition, they documented their daily intake of chocolate bars on diary cards. Plasma theobromine concentrations served as marker of cocoa consumption [40].
Blinding and methods for protecting against sources of bias
All clinical, biophysical, laboratory and statistical analyses were blinded. We applied the intent-to-treat principle to avoid attrition bias. Participants were compared in the groups to which they were originally assigned randomly. According to previous experience, we anticipated that 15% of randomized women would be lost to follow-up. To ensure support and motivation for substitution of equivalent foods by chocolate, participants received nutritional counselling at the randomization and 6th week visits. All efforts were made to ensure primary outcome (MED) measurements at the 6th, 9th, 12th and 15th week visits in all randomized patients.
To avoid selection bias, the study subjects, investigators, staff and all laboratory analyses were blinded to treatment assignment. All chocolate bars were matched for calorie load, nutrients and caffeine. Similar in appearance (e.g. colour and quantity), smell and taste, they were supplied in individual, opaque packaging. The proportion of women who guessed right about group allocation was documented with a short questionnaire at the 15th week visit.
To control for contamination bias, flavonoid consumption was measured by FFQ in the last month preceding each follow-up visit. Finally, data were collected according to a standardized procedure supervised by the research coordinator who had extensive experience in data monitoring. Sunbathing and tanning devices were not permitted during the study period.
Sample size and planned recruitment rate
Williams et al. [12] reported MED mean ± standard error of the mean of 0.l09 ± 0.011 J/cm2 in a sample of healthy subjects, which rose to 0.223 ± 0.019 after 12-week chocolate intake. Based on these estimates, with standard deviation (SD) of 0.043, a sample of 31 women was required in each group to detect a minimal difference of 0.031 (28%) between groups with 5% 2-sided significance and 80% power. 15% loss to follow-up was anticipated so that sample size was increased to a total of 73 women. Augmenting it to 74 allowed equal numbers of subjects in both study arms.
Statistical analysis
Statistical data analysis investigated the effect of HFC vs. LFC consumption on skin sensitivity to UV radiation according to MED criteria. Thus, the statistical hypothesis was that mean MED was not different in those who consumed HFC and those who did not: null hypothesis (H0): mean difference (MD) = 0. Statistical analysis was carried out at the St-François d'Assise Hospital Research Centre, CHUQ, with SAS software (version 9.3), according to the intent-to-treat principle. P values (bilateral) lower than or equal to 0.05 indicated significant differences. The baseline characteristics of participants in each group were compared by Chi-square test for categorical variables and independent sample t-test for continuous variables with normal distributions. These tests validated the randomization process. The primary outcome was changes in MED values, calculated as the difference for each person at weeks 6, 9 and 12 compared to baseline. MED at 15 weeks was compared to week 12. The secondary endpoints were assessed similarly. The primary outcome was analyzed in secondary analysis of repeated measures adjusted for potential factors affecting MED. Differences in the number and quality of side-effects between the 2 groups were compared as well.
The results were expressed as means ± SD at baseline and at 6, 9, 12 and 15 weeks; n was number of women. Missing data were imputed by a commonly-employed single imputation method with null values for mean differences. We explored different approaches to the imputation problem. All analyses are in general agreement qualitatively, and intent-to-treat results are presented. Multivariate analysis included baseline values for each outcome, Fitzpatrick skin phototype (I or II), season of study participation, age of participants (<50 years or ≥50 years), and BMI (for the skin hydration outcome only), as potential confounding variables. In the final multivariate model, baseline values for each analyzed outcome, season of study participation, age of participants (<50 years or ≥50 years), and BMI (for the skin hydration outcome only) were retained by backward step-wise elimination. If, by removing a variable from the model, change in the regression coefficient was more than 10% compared to the adjusted model including all variables, then that variable was retained in the final model. Skin phototype was not specifically accounted for in the final model for primary outcome since more precise measurement of skin photosensitivity was included in the form of MED values at baseline.


Results
For each group, Figure 1 shows the number of participants who were excluded before randomization, or were randomly assigned, received intended treatment or were lost after randomization with reasons, and were analyzed for primary and secondary outcomes.
Figure 1[image: figure 1]

Flow diagram of study participation. *1 participant withdrew voluntarily from the study at week 9, but accepted to return at week 12.


Full size image


Of the 74 randomized study participants, 59 (27 and 32 in the HFC and LFC arms, respectively) had outcomes available for analysis per protocol. Intent-to-treat analysis was conducted as described above. 7 and 9 women respectively were lost to follow-up for reasons not related to the intervention.
At randomization, the 2 arms were well balanced with regard to social and baseline characteristics, excluding BMI which was 1.8 higher in the LFC group and season at week 12. Specifically, the percentage of participants in the HFC group who were evaluated before the spring season was lower than in the LFC group (Table 1).
Table 1 
                        Baseline and demographic characteristics
                      Full size table


Primary outcome
Minimal erythema dose
Table 2 reports that HFC consumption had no effect on MED at 6, 9 and 12 weeks in comparison to control LFC. After the 3-week washout period, MED in the HFC group receded to baseline. On the other hand, MED in the LFC arm continued to increase. Figure 2 illustrates the tendency of mean MED differences after daily consumption of 30 g chocolate. The nearly parallel curves for both groups up to week 12 illustrated the absence of a significant difference in MED at this time-point. However, both groups went in opposite directions, starting from the washout period.
Table 2 
                            MED after daily consumption of 30 g chocolate for 6, 9 and 12 weeks and after 3-week washout
                          Full size table


Figure 2[image: figure 2]

Mean MED differences within treatments. *Changes in MED corresponded to differences between the endpoints evaluated (6, 9, 12 and 15 weeks) and baseline (J/cm2).


Full size image


Multivariate analysis for adjusted changes in MED at 6, 9 and 12 weeks gave findings similar to those with univariate analysis. Conversely, the difference between adjusted changes in MED after the washout period in the HFC arm was -0.07 higher and in the opposite direction compared to the LFC group (MD = -0.07; 95% confidence interval (CI): -0.13 to -0.01; P = 0.01; R2 = 0.46) (Additional file 1: Table S1), thus becoming statistically significant. Age ≥50 years was associated with greater changes in MED at 12 and 15 weeks, and spring season of evaluation was linked with lesser changes in MED at 12 and 15 weeks (Additional file 1: Table S2).
Secondary endpoints
Skin hydration and elasticity parameters
Overall temple elasticity increased slightly but significantly: 0.05 ± 0.09 mm in the HFC group at 6 weeks compared to LFC (P = 0.04) (Table 3). Net temple elasticity also increased slightly but significantly: 0.08 ± 0.08 and 0.09 ± 0.12 mm in the HFC group at 6 and 12 weeks, respectively, compared to LFC (P = 0.01 and P = 0.03, respectively) (Table 4). No other significant between-group changes were observed (Tables 3 and 4 and Additional file 1: Tables S8 and S9).
Table 3 
                            Overall skin elasticity after daily consumption of 30 g chocolate for 6, 9 and 12 weeks
                          Full size table


Table 4 
                            Net skin elasticity after daily consumption of 30 g chocolate for 6, 9 and 12 weeks
                          Full size table


Multivariate analysis of adjusted changes in skin hydration and elasticity parameters at 6, 9 and 12 weeks, and after 3-week washout gave results comparable to those of univariate analysis (Additional file 1: Tables S3-S6).
Plasma polyphenol concentrations
Plasma polyphenol concentrations were similar in both groups at baseline. The LFC group presented clinically small but statistically significant increases in plasma epicatechins at weeks 6, 9 and 12 compared to baseline (P < 0.0001). In the HFC group, marked increments in plasma epicatechin concentrations were clinically and statistically significant (P < 0.0001) compared to baseline at weeks 6, 9, and 12. However, plasma concentration at week 12 was lower than at week 6. Changes in plasma epicatechin concentrations in the HFC group were statistically higher than in the LFC group at all measurement times after baseline (P < 0.0001). Changes in plasma catechins tended to be similar (Additional file 1: Table S10).
Plasma methylxanthine concentrations
Plasma theobromine, theophylline and caffeine concentrations increased in both groups at weeks 6, 9 and 12 versus baseline. However, no difference was found in changes of plasma methylxanthine concentrations between the HFC and LFC groups at all measurement times (Additional file 1: Table S11).
Consumption of dietary polyphenols
Consumption of dietary polyphenols was similar between both groups at baseline. During the study period, both groups tended towards decreased dietary polyphenols (not including interventional chocolate consumption). No differences were evident in changes of dietary polyphenol consumption between the HFC and the LFC groups (Additional file 1: Table S12).
Washout period
Skin distensibility decreased slightly but significantly (-0.02 ± 0.03 mm) in the HFC group at 15 weeks after washout compared to LFC (P = 0.04) (Additional file 1: Table S13). Plasma polyphenol concentrations returned to baseline after the washout period in both groups. This change was statistically different when both groups were compared (P < 0.0001 and P = 0.0005 for epicatechins and catechins, respectively) (Additional file 1: Table S14). Plasma methylxanthine concentrations decreased to baseline after 3-week washout. The change was not statistically different between the 2 groups (P = 0.07, P = 0.69 and P = 0.10 for theobromine, theophylline and caffeine, respectively) (Additional file 1: Table S15). No other significant between-group differences were observed in skin hydration and dietary polyphenol consumption during the washout period (Additional file 1: Tables S16 and S17).


Discussion
As UV radiation accelerates skin aging and promotes skin cancer, novel photoprotective measures represent a promising area of research. Dietary polyphenols are natural antioxidant and anti-inflammatory agents that could protect skin against UV exposure. In our population of healthy non-smoking women, 12-week HFC intake was associated with significantly increased net skin elasticity but no significant change in MED. Participants did not report any significant clinical side-effects.
The current literature suggests that chronic ingestion of HFC may be photoprotective, but there are several methodological limitations. Only 1 controlled, double-blind, RCT evaluated the effect of HFC vs. LFC intake on skin sensitivity to UV radiation after 12 weeks, as measured by MED [23]. 22 women and 8 men with Fitzpatrick skin phototypes II or III were included in that trial. After 12 weeks, mean MED remained stable in the LFC group compared to baseline. Statistically significant increases in mean MED were observed with HFC (within-group comparisons). Nevertheless, these authors did not report between-group comparisons. Moreover, women and men were included in their trial, but participants’ characteristics in each group were not elaborated. Finally, our study population was quite different from that of Williams’ [23] as we included only women with skin type I or II.
Heinrich et al. enrolled 24 women in their RCT and evaluated the effect of HFC vs. LFC intake on MED in solar simulation radiation [21]. After 12 weeks, women assigned to the HFC group showed significantly increased MED in comparison to the LFC group. It is important to note that the characteristics of women in each group were not presented, and no information was given regarding trial profile (loss-to-follow-up, intent-to-treat analysis). Finally, visually-assessed MED, considered to be the gold standard [41], was not available. Thus, direct comparison with other studies was not possible.
Several factors could have contributed to our finding of no statistically photoprotective effects of HFC vs. LFC measured by MED at 12 weeks. Season of participation differed in the 2 groups. Specifically, more participants in the LFC group started the trial during winter and finished at the 12-week endpoint during the spring season, potentially introducing a residual confounding effect. During this period, physiologically-increased MED is attributed to longer solar exposure [42, 43]. Indeed, exploratory analyses of our data demonstrated a boost in MED during spring, compared to its stability during winter and, inversely, a decrease during fall (Additional file 1: Figure S2). This extrinsic effect could partly explain the shape of the LFC group curve in Figure 2, in which it can be seen that MED increased from baseline to week 12. Consequently, the increment could have masked difference from the HFC group. Differing season of participation could also have introduced bias in the results, since roughly one-third of participants in each group completed the study during spring, when the natural increase in MED could have rendered the photoprotective effects of chocolate less visible. Indeed, multivariate analyses revealed that HFC group participants terminating during spring manifested lower changes in MED. Furthermore, it would have been interesting to study women over the age of 50 years, as our multivariate analyses disclosed greater changes in MED in this population, indicating that HFC may have significant photoprotective effects after menopause in comparison to control LFC. Finally, MED imbalance at baseline rendered our groups less comparable, which we might not have completely accounted for despite adjustments in our multivariate model.
Lack of compliance with chocolate consumption is another factor that could partially explain our non-significant results. In fact, the HFC group showed a stronger increase in MED at week 6 than at weeks 9 and 12 compared to baseline, mimicking the same tendency found in plasma polyphenol concentrations at these time periods. Women could have been slightly less compliant with chocolate consumption after 6 weeks, rendering its effects even less noticeable.
It would have been interesting to compare HFC with LFC low in theobromine, the primary alkaloid in cocoa. Theobromine concentrations in our LFC and HFC groups were similar. Although it has never been studied extensively in humans, sparse data indicate that it has been tested for the treatment of hypertension to exploit its vasodilator and smooth tissue-relaxing properties [44, 45]. Theobromine may contribute to the effect of dark chocolate on endothelium function. Therefore, it could have increased the microcirculatory delivery of flavanols in both groups (as the LFC group also showed significant flavanol elevation), and masked the isolated action of polyphenols.
Moreover, since MED was highly variable between women participating in our clinical trial (as relative SD was 25%), the non-optimal power of our study sample could partially explain the non-significant results. Furthermore, the variability of our results is highlighted by the large CIs revealed by multivariate analysis. In addition, it’s not possible to exclude that imbalance in numbers allocated to HFC and LFC partly explained by the 2 independently generated randomisation lists and differences between the 2 groups for skin type and date of entry could somewhat bias our results. Indeed, as specified in the section methods, after three months of recruitment, proportion of women with skin type 2 and age 50–65 were more prevalent than expected and a new independent list of randomisation was generated. Moreover, in the adjusted model, age group and skin type didn’t modify the results.Interestingly, after 3-week washout, the HFC group showed decreased MED with return to baseline. Conversely, the LFC group manifested continuously elevated MED. We would, therefore, have expected similar increment in the HFC group, instead of the observed decline. This differential tendency after removal of our intervention, well-illustrated in Figure 2, indicates loss of a clinical effect too small to be statistically significant due to the afore-mentioned factors contributing to lack of significance.
MED represents the lowest UV dose necessary to produce just perceptible erythema at 24 hours. The erythema reaction to UV is the endpoint of complex biological processes, including direct DNA, lipid and protein damage, activation of pro-inflammatory pathways and generation of free radicals, mainly reactive oxygen species. Polyphenols are expected to act mainly on the latter by supplementing the body’s natural, free-radical-quenching, antioxidant mechanisms [10–14] . A recently-published review [46] of photoprotection and antioxidants notes that the action spectrum of reactive oxygen species generation is predominately in the ultraviolet A (UVA) range, although there is some overlap with UVB. Thus, perhaps antioxidants play a larger role in protecting against UVA-induced production of free radicals. Consequently, measurement of the photoprotective effects of flavanols solely by MED after exposure to UVB might not be fully representative of their real biological potential in this regard [46].
A positive outcome of HFC consumption was noted in net temple elasticity at 12 weeks compared to LFC, but was not reproduced in arm elasticity, suggesting that flavanols might impact only sun-exposed skin for this outcome. Furthermore, the gain in elasticity was not lost after 3-week washout. The underlying mechanisms are not known, but augmented blood flow [24] can lead to heightened production of collagen and elastin, key structural proteins which diminish in the skin with aging. On the other hand, HFC consumption did not modify skin hydration. Heinrich et al. postulated improvements in skin density and thickness, stratum corneum hydration, transepidermal water loss, and skin surface roughness after 12 weeks of flavanol-rich cocoa drink consumption in healthy women [21].
HFC and LFC consumption did not significantly change BMI and blood glucose, a previously-reported finding [47]. Lipid profile also was not affected, except for a slight but significant rise in high-density lipoprotein-cholesterol level in the HFC compared to the LFC group at week 12. Participants did not report any significant clinical side-effects. In all, chocolate consumption did not result in notable adverse events.


Conclusion
We believe that additional clinical trials are needed to fully evaluate the photoprotection conferred by HFC consumption. Exploration of this association by our study highlights the importance of sufficient sample size in the context of great inter-individual variability in skin sensitivity to UV, and perhaps the use of solar simulators to more accurately assess the protective effects of flavanols. In addition, all participants should be randomized according to MED to render groups comparable, and evaluated in a single season. Flavanol effects could also be explored in women after menopause. Finally, the effect of HFC consumption compared with no (or usual/discretionary) chocolate consumption on MED remains to be addressed.


Authors’ information
JAM is a nutritionist and PhD candidate in nutrition at Université Laval. CB is a senior resident in dermatology at Université Laval. SL is professor in food science and nutrition at Université Laval and researcher at the Institute of Nutrition and Functional Foods (INAF). CLB is a PhD research assistant at Université Laval with special skills in systematic reviews. JC is a dermatologist and professor in melanoma and skin cancer at Université Laval and clinician-scientist at the Melanoma and Skin Cancer Clinic, Dermatology Division, Hôtel-Dieu Hospital, CHUQ, Quebec. SYD is professor in obstetrics and gynecology at Université Laval and clinician-scientist at CHUQ, with expertise in randomized clinical trials.



                    Abbreviations
	BMI:
	
                    Body mass index

                  
	CB:
	
                    Catherine Boivin

                  
	CI:
	
                    Confidence interval

                  
	CLB:
	
                    Claudine Blanchet

                  
	FFQ:
	
                    Food frequency questionnaire

                  
	H0
:
	
                    Null hypothesis

                  
	HFC:
	
                    High-flavanol chocolate

                  
	HRT:
	
                    Hormone replacement therapy

                  
	INAF:
	
                    Institute of Nutrition and Functional Foods

                  
	JAM:
	
                    Jaime Andres Mogollon

                  
	JC:
	
                    Joël Claveau

                  
	LFC:
	
                    Low-flavanol chocolate

                  
	DM:
	
                    Mean difference

                  
	MED:
	
                    Minimal erythema dose

                  
	RCT:
	
                    Randomized controlled trial

                  
	SD:
	
                    Standard deviation

                  
	SL:
	
                    Simone Lemieux

                  
	SYD:
	
                    Sylvie Dodin

                  
	Ue:
	
                    Immediate deformation or skin extensibility

                  
	Uf:
	
                    Final deformation

                  
	Ur:
	
                    Immediate retraction

                  
	Uv:
	
                    Delayed distention

                  
	UV:
	
                    Ultraviolet

                  
	UVA:
	
                    Ultraviolet A

                  
	UVB:
	
                    Ultraviolet B.

                  



References
	Svobodova A, Vostalova J: Solar radiation induced skin damage: review of protective and preventive options. Int J Radiat Biol. 2010, 86 (12): 999-1030.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Nichols JA, Katiyar SK: Skin photoprotection by natural polyphenols: anti-inflammatory, antioxidant and DNA repair mechanisms. Arch Dermatol Res. 2010, 302 (2): 71-83.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Caldwell MM, Bornman JF, Ballare CL, Flint SD, Kulandaivelu G: Terrestrial ecosystems, increased solar ultraviolet radiation, and interactions with other climate change factors. Photochem Photobiol Sci. 2007, 6 (3): 252-266.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Brian D: Climate change, ozone depletion and the impact on ultraviolet exposure of human skin. Phys Med Biol. 2004, 49 (1): R1-
Article 
    
                    Google Scholar 
                

	de Gruijl FR, Longstreth J, Norval M, Cullen AP, Slaper H, Kripke ML, Takizawa Y, van der Leun JC: Health effects from stratospheric ozone depletion and interactions with climate change. Photochem Photobiol Sci. 2003, 2 (1): 16-28.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Diffey B: Climate change, ozone depletion and the impact on ultraviolet exposure of human skin. Phys Med Biol. 2004, 49 (1): R1-R11.
Article 
    PubMed 
    
                    Google Scholar 
                

	Dinkova-Kostova AT: Phytochemicals as protectors against ultraviolet radiation: versatility of effects and mechanisms. Planta Med. 2008, 74 (13): 1548-1559.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Purdue MP: Predictors of sun protection in Canadian adults. Can J Public Health. 2002, 93 (6): 470-474.
PubMed 
    
                    Google Scholar 
                

	Zussman J, Ahdout J, Kim J: Vitamins and photoaging: do scientific data support their use?. J Am Acad Dermatol. 2010, 63 (3): 507-525.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Katiyar SK, Fau AN, Mukhtar H, Mukhtar H: Green tea and skin. Arch Dermatol. 2000, 136 (8): 989-994.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Katiyar SK, Elmets CA: Green tea polyphenolic antioxidants and skin photoprotection (Review). Int J Oncol. 2001, 18 (6): 1307-1313.
CAS 
    PubMed 
    
                    Google Scholar 
                

	Katiyar SK, Bergamo Bm F, Vyalil PK, Vyalil Pk F, Elmets CA, Elmets CA: Green tea polyphenols: DNA photodamage and photoimmunology. J Photochem Photobiol B. 2001, 65 (2-3): 109-114.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Katiyar SK, Mukhtar H: Tea antioxidants in cancer chemoprevention. J Cell Biochem Suppl. 1997, 27: 59-67.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Yang CS, Wang Z-Y: Tea and cancer. J Natl Cancer Inst. 1993, 85 (13): 1038-1049.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Elmets CA, Fau SD, Tubesing K, Fau TK, Matsui M, Fau MM, Katiyar S, Fau KS, Mukhtar H, Mukhtar H: Cutaneous photoprotection from ultraviolet injury by green tea polyphenols. J Am Acad Dermatol. 2001, 44 (3): 425-432.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Katiyar SK, Fau CA, McCormick TS, McCormick Ts F, Cooper KD, Cooper Kd F, Mukhtar H, Mukhtar H: Prevention of UVB-induced immunosuppression in mice by the green tea polyphenol (-)-epigallocatechin-3-gallate may be associated with alterations in IL-10 and IL-12 production. Carcinogenesis. 1999, 20 (11): 2117-2124.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Katiyar SK, Elmets Ca F, Agarwal R, Fau AR, Mukhtar H, Mukhtar H: Protection against ultraviolet-B radiation-induced local and systemic suppression of contact hypersensitivity and edema responses in C3H/HeN mice by green tea polyphenols. Photochem Photobiol. 1995, 62 (5): 855-861.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Katiyar SK, Matsui Ms F, Elmets CA, Elmets Ca F, Mukhtar H, Mukhtar H: Polyphenolic antioxidant (-)-epigallocatechin-3-gallate from green tea reduces UVB-induced inflammatory responses and infiltration of leukocytes in human skin. Photochem Photobiol. 1999, 69 (2): 148-153.
CAS 
    PubMed 
    
                    Google Scholar 
                

	Katiyar SK, Mukhtar H: Green tea polyphenol (-)-epigallocatechin-3-gallate treatment to mouse skin prevents UVB-induced infiltration of leukocytes, depletion of antigen-presenting cells, and oxidative stress. J Leukoc Biol. 2001, 69 (5): 719-726.
CAS 
    PubMed 
    
                    Google Scholar 
                

	Meeran SM, Fau AS, Katiyar SK, Katiyar SK: Inhibition of UVB-induced skin tumor development by drinking green tea polyphenols is mediated through DNA repair and subsequent inhibition of inflammation. J Invest Dermatol. 2009, 129 (5): 1258-1270.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Heinrich U, Neukam K, Tronnier H, Sies H, Stahl W: Long-term ingestion of high flavanol cocoa provides photoprotection against UV-induced erythema and improves skin condition in women. J Nutr. 2006, 136 (6): 1565-1569.
CAS 
    PubMed 
    
                    Google Scholar 
                

	Gasser P, Lati E, Peno-Mazzarino L, Bouzoud D, Allegaert L, Bernaert H: Cocoa polyphenols and their influence on parameters involved in ex vivo skin restructuring. Int J Cosmet Sci. 2008, 30 (5): 339-345.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Williams S, Tamburic S, Lally C: Eating chocolate can significantly protect the skin from UV light. J Cosmet Dermatol. 2009, 8 (3): 169-173.
Article 
    PubMed 
    
                    Google Scholar 
                

	Neukam K, Stahl W, Tronnier H, Sies H, Heinrich U: Consumption of flavanol-rich cocoa acutely increases microcirculation in human skin. Eur J Nutr. 2007, 46 (1): 53-56.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Roberts WE: Skin type classification systems old and new. Dermatol Clin. 2009, 27 (4): 529-533. viii
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Jebb SA, Cole TJ, Doman D, Murgatroyd PR, Prentice AM: Evaluation of the novel Tanita body-fat analyser to measure body composition by comparison with a four-compartment model. Br J Nutr. 2000, 83 (2): 115-122.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Goulet J, Nadeau G, Lapointe A, Lamarche B, Lemieux S: Validity and reproducibility of an interviewer-administered food frequency questionnaire for healthy French-Canadian men and women. Nutr J. 2004, 3: 13-
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Glanz K, Yaroch AL, Dancel M, Saraiya M, Crane LA, Buller DB, Manne S, O'Riordan DL, Heckman CJ, Hay J, Robinson JK: Measures of sun exposure and sun protection practices for behavioral and epidemiologic research. Arch Dermatol. 2008, 144 (2): 217-222.
Article 
    PubMed 
    
                    Google Scholar 
                

	Otman SG, Edwards C, Gambles B, Anstey AV: Validation of a semiautomated method of minimal erythema dose testing for narrowband ultraviolet B phototherapy. Br J Dermatol. 2006, 155 (2): 416-421.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Otman SG, Edwards C, Wyness K, Anstey AV: British photodermatology group: summaries of papers. Br J Dermatol. 2005, 153: 92-98.
Article 
    
                    Google Scholar 
                

	Huang M-W, Lo P-Y, Cheng K-S: Objective assessment of sunburn and minimal erythema doses: comparison of noninvasive in vivo measuring techniques after UVB irradiation. EURASIP J Adv Signal Process. 2010, 2010 (1): 483562-
Article 
    
                    Google Scholar 
                

	Fullerton A, Fischer T, Lahti A, Wilhelm KP, Takiwaki H, Serup J: Guidelines for measurement skin colour and erythema: A report from the Standardization Group of the European Society of Contact Dermatitis*. Contact Dermatitis. 1996, 35 (1): 1-10.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ollmar S, NyrÉN M, Nicander I, Emtestam L: Electrical impedance compared with other non-invasive bioengineering techniques and visual scoring for detection of irritation in human skin. Br J Dermatol. 1994, 130 (1): 29-36.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Fluhr JW, Kuss O, Diepgen T, Lazzerini S, Pelosi A, Gloor M, Berardesca E: Testing for irritation with a multifactorial approach: comparison of eight non-invasive measuring techniques on five different irritation types. Br J Dermatol. 2001, 145 (5): 696-703.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Radmilovi A, Bori Z, Naumovi T, Stamenkovi M, Mu?iki P: Shunt thrombosis prevention in hemodialysis patients--a double-blind, randomized study: pentoxifylline vs placebo. Angiology. 1987, 499-506.

                    Google Scholar 
                

	Ahn S, Kim S, Lee H, Moon S, Chang I: Correlation between a Cutometer and quantitative evaluation using Moire topography in age-related skin elasticity. Skin Res Technol. 2007, 13 (3): 280-284.
Article 
    PubMed 
    
                    Google Scholar 
                

	Heinrich U, Koop U, Leneveu-Duchemin MC, Osterrieder K, Bielfeldt S, Chkarnat C, Degwert J, Hantschel D, Jaspers S, Nissen HP, Rohr M, Schneider G, Tronnier H: Multicentre comparison of skin hydration in terms of physical-, physiological- and product-dependent parameters by the capacitive method (Corneometer CM 825). Int J Cosmetic Sci. 2003, 25 (1–2): 45-53.
Article 
    CAS 
    
                    Google Scholar 
                

	Baba S, Fau ON, Yasuda A, Fau YA, Natsume M, Fau NM, Takizawa T, Fau TT, Nakamura T, Fau NT, Terao J, Terao J: Bioavailability of (-)-epicatechin upon intake of chocolate and cocoa in human volunteers. Free Radic Res. 2000, 33 (5): 635-641.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Foenander T, Birkett DJ, Birkett Dj F, Miners JO, Miners Jo F, Wing LM, Wing LM: The simultaneous determination of theophylline, theobromine and caffeine in plasma by high performance liquid chromatography. Clin Biochem. 1980, 13 (3): 132-134.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Richelle M, Tavazzi I, Enslen M, Offord EA: Plasma kinetics in man of epicatechin from black chocolate. Eur J Clin Nutr. 1999, 53 (1): 22-26.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Lock-Andersen J, Wulf HC: Threshold level for measurement of UV sensitivity: reproducibility of phototest. Photodermatol Photoimmunol Photomed. 1996, 12 (4): 154-161.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ettler K: Determination of the minimal erythema dosage and natural photoprotection of the skin in the population. Acta Medica (Hradec Kralove) Suppl. 1998, 41 (1): 81-104.
CAS 
    
                    Google Scholar 
                

	Sayre RM, Desrochers DL, Wilson CJ, Marlowe E: Skin type, minimal erythema dose (MED), and sunlight acclimatization. J Am Acad Dermatol. 1981, 5 (4): 439-443.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	van den Bogaard B, Draijer R, Westerhof BE, van den Meiracker AH, van Montfrans GA, van den Born BJ: Effects on peripheral and central blood pressure of cocoa with natural or high-dose theobromine: a randomized, double-blind crossover trial. Hypertension. 2010, 56 (5): 839-846.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kelly CJ: Effects of theobromine should be considered in future studies. Am J Clin Nutr. 2005, 82 (2): 486-487.
CAS 
    PubMed 
    
                    Google Scholar 
                

	Chen L, Hu JY, Wang SQ: The role of antioxidants in photoprotection: a critical review. J Am Acad Dermatol. 2012, 67 (5): 1013-1024.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Mogollon JA, Bujold E, Lemieux S, Bourdages M, Blanchet C, Bazinet L, Couillard C, Noel M, Dodin S: Blood pressure and endothelial function in healthy, pregnant women after acute and daily consumption of flavanol-rich chocolate: a pilot, randomized controlled trial. Nutr J. 2013, 12 (1): 41-
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                


Download references




Acknowledgements
We are indebted to the staff of Université Laval, especially those at INAF. We also thank all women who participated in this study, which was supported/funded by Barry Callebaut, Lebeke-Wieze, Belgium.

                Protocol
              
Full details of the trial protocol can be requested: sylvie.dodin@ogy.ulaval.ca

                Funding
              
This study was supported by Barry Callebaut, Lebeke-Wieze, Belgium.


Author information
Authors and Affiliations
	St. François d’Assise Hospital, Centre hospitalier universitaire de Québec (CHUQ), Quebec, QC, Canada
Jaime Andres Mogollon, Claudine Blanchet & Sylvie Dodin

	Melanoma and Skin Cancer Clinic, Dermatology Division, Hôtel-Dieu Hospital, CHUQ, Quebec, QC, Canada
Catherine Boivin & Joël Claveau

	Department of Food Sciences and Nutrition, Institute of Nutrition and Functional Foods (INAF), Université Laval, Quebec, QC, Canada
Simone Lemieux

	Department of Obstetrics and Gynecology, Research Centre, St. François d’Assise Hospital (CHUQ), Université Laval, Quebec, QC, G1L 3 L5, Canada
Sylvie Dodin


Authors	Jaime Andres MogollonView author publications
You can also search for this author in
                        PubMed Google Scholar



	Catherine BoivinView author publications
You can also search for this author in
                        PubMed Google Scholar



	Simone LemieuxView author publications
You can also search for this author in
                        PubMed Google Scholar



	Claudine BlanchetView author publications
You can also search for this author in
                        PubMed Google Scholar



	Joël ClaveauView author publications
You can also search for this author in
                        PubMed Google Scholar



	Sylvie DodinView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Sylvie Dodin.


Additional information
Competing interests
All authors declare that they have no conflicts of interest.
Authors’ contributions
JAM and CB performed the experiments, collected, analyzed and interpreted the data, and wrote the manuscript. CLB conceived, designed and coordinated the experiments and critically revised the text. SL and JC collected data and provided critical revision. SYD conceived and designed the study, analyzed and interpreted the data, supervised writing of the paper and made critical revisions. All authors read and approved the final manuscript.


Electronic supplementary material

12937_2013_802_MOESM1_ESM.pdf
Additional file 1: Chocolate flavanols and skin photoprotection: a parallel, double-blind, randomized clinical trial.(PDF 276 KB)





Authors’ original submitted files for images
Below are the links to the authors’ original submitted files for images.


Authors’ original file for figure 1

Authors’ original file for figure 2




Rights and permissions

                Open Access 
 This article is published under license to BioMed Central Ltd. This is an Open Access article is distributed under the terms of the Creative Commons Attribution License (
  https://creativecommons.org/licenses/by/2.0
  ), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly credited. The Creative Commons Public Domain Dedication waiver (
  https://creativecommons.org/publicdomain/zero/1.0/
  ) applies to the data made available in this article, unless otherwise stated.


              Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Mogollon, J.A., Boivin, C., Lemieux, S. et al. Chocolate flavanols and skin photoprotection: a parallel, double-blind, randomized clinical trial.
                    Nutr J 13, 66 (2014). https://doi.org/10.1186/1475-2891-13-66
Download citation
	Received: 18 December 2013

	Accepted: 24 June 2014

	Published: 27 June 2014

	DOI: https://doi.org/10.1186/1475-2891-13-66


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Skin photoprotection
	Flavanols
	Chocolate
	Cocoa
	Minimal erythema dose








                    


                
            

            
                
                    
                        
    
        
            Download PDF
            
        
    


                        
    
        
            Download ePub
            
                
            
        

    


                    


                    
    


                    
                        
                            
                                
                                    
    
    
        
            Advertisement

            
                
                    
                        [image: Advertisement]
                    
                

            

        

    

                                

                            

                            

                            

                        

                    

                
            

        


        
            
                
                    
                        
                            
                            Nutrition Journal
                        

                         ISSN: 1475-2891

                    

                    
                        
                            Contact us

                            	General enquiries: journalsubmissions@springernature.com


                        

                    
                

            

        
        
    [image: ]

         
    
        
            
    
        
            
                
                    
                        	
                                    Read more on our blogs
                                
	
                                    Receive BMC newsletters
                                
	
                                    Manage article alerts
                                
	
                                    Language editing for authors
                                
	
                                    Scientific editing for authors
                                


                    
                        	
                                    Policies
                                
	
                                    Accessibility
                                
	
                                    Press center
                                


                    
                        	
                                    Support and Contact
                                
	
                                    Leave feedback
                                
	
                                    Careers
                                


                    
                
            

            
                Follow BMC

                	
                            
                                BMC Twitter page
                                
                                    
                                
                            
                        
	
                            
                                BMC Facebook page
                                
                                    
                                
                            
                        
	
                            
                                BMC Weibo page
                                
                                    
                                
                            
                        


            

        

        
            By using this website, you agree to our
            Terms and Conditions,
            Your US state privacy rights,
            Privacy
                statement and
            Cookies policy.
                Your privacy choices/Manage cookies we use in the preference centre.
        

    




        
        
    
        [image: Springer Nature]
         © 2024 BioMed Central Ltd unless otherwise stated. Part of
            Springer Nature.
        

    




    

    




        
    
    


        
    