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Abstract

:

In public health initiatives, generic nutrition advice (GNA) from national guidelines has a limited effect on food-intake improvement. Personalized nutrition advice (PNA) may enable dietary behavior change. A monocentric, randomized, parallel, controlled clinical trial was performed in males (n = 55) and females (n = 100) aged 25 to 70 years. Participants were allocated to control, GNA or PNA groups. The PNA group consisted of automatically generated dietary advice based on personal metabolic health parameters, dietary intake, anthropometric and hemodynamic measures, gender and age. Participants who received PNA (n = 51) improved their nutritional intake status for fruits P (p < 0.0001), whole grains (p = 0.008), unsalted nuts (p < 0.0001), fish (p = 0.0003), sugar-sweetened beverages (p = 0.005), added salt (p = 0.003) and less unhealthy choices (p = 0.002), whereas no improvements were observed in the control and GNA group. PNA participants were encouraged to set a goal for one or multiple food categories. Goal-setting led to greater improvement of food categories within the PNA group including; unsalted nuts (p < 0.0001), fruits (p = 0.0001), whole grains (p = 0.005), fish (p = 0.0001), dairy (p = 0.007), vegetables (p = 0.01) and unhealthy choices (p = 0.02). In a healthy population, participants receiving PNA changed their food-intake behavior more favorably than participants receiving GNA or no advice. When personal goals were set, nutritional behavior was more prone to change.
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1. Introduction


Chronic disease prevalence is rising, and as a result we are faced with increasing health care costs [1,2]. Poor dietary intake is a major risk factor for chronic diseases [3]. A diet low in added sugars, saturated fat, sodium and alcohol, while high in fruit, vegetables, whole grains and oily fish has been acknowledged for its positive effects in preventing chronic diseases [4,5,6]. Changing everyday nutritional choices to meet dietary guidelines is one of the major leading modifiable actions in prevention of chronic noncommunicable diseases [7,8]. For example, Current eating patterns in the USA and Europe, often do not align with dietary guidelines [9,10]. This emphasizes the need for changing food-intake behavior. Personalized nutrition advice (PNA) has been shown to be an effective method to support dietary behavior change [11,12,13,14,15,16].



Personalized nutrition can be defined as the use of information specific to each individual, based on scientific evidence, to promote changes in eating behavior that can lead to measurable health benefits [17]. PNA can be based upon demographics, genetics, phenotypic characteristics, psycho-social characteristics and lifestyle behaviors of a person [15,18]. All these parameters are key characteristics of an individual and can be used to generate—after integrated analysis—specific dietary advice. Therefore, a great advantage of personalized nutrition is that individuals receive advice that is tailored to their specific needs to promote dietary behavior change. It is well known that this change in behavior is often difficult to accomplish, since new dietary behavior intentions conflict with old habits (i.e., unhealthy eating) [19,20]. Personalized support and advice may be useful to overcome this hurdle of behavior change. Previous studies already indicate that PNA can lead to healthier dietary choices compared to generic, one size fits all, nutritional advice [21,22]. It is assumed that this effect is caused by increased attention and motivation of an individual when a message is made personal [11]. In addition, personalized dietary advice is more likely to be read, perceived as relevant and remembered by an individual compared to generic advice [23].



The form in which personalized advice is given is also of importance in changing individual behavior. Research has shown that setting clear and achievable goals is effective in supporting behavior changes [24]. These personal goals for changing food-intake behavior can be translated into actions using implementation and planning techniques tailored to a person’s needs. Ability and motivation to bring goals into practice can be increased in this way. Thus, goal-setting can be an effective tool for maintaining a healthy lifestyle.



Previous studies have shown that dietary-advice systems tailored to a person’s health status are more effective in changing health parameters than a generic, one-size-fits-all, approach [25,26]. To the best of our knowledge, limited studies have implemented personalized advice systems that combine personalized advice based on health status and food-intake behavior data with behavior change techniques [22,27]. Therefore, we are interested in investigating whether the combination of PNA based on individual health status and food-intake behavior combined with a behavior change technique can be more effective in improving food-intake behavior in a healthy population than no advice or generic advice. We focus in our automated PNA on how to implement evidence-based nutritional advice, which has shown to be preventive against chronic disease outcomes, by practical tips for change. In the PNA group, goal-setting was evaluated to investigate if goal-setting for a specific food category improves food-intake behavior for that specific food category more than without a goal-setting strategy.




2. Materials and Methods


2.1. Ethics Statement


Before entering the study, all participants provided written informed consent. The study was approved by the French (medical) Ethics Committee under the study number ID-RCB Number: 2018-A00375-50, Comité de Protection des Personnes (CPP) and agreed upon by the French health agency (ANSM, Competent Regulatory Authority).The study was conducted in accordance with the Declaration of Helsinki as revised in 1983 and was registered in the Dutch Trial Register NL7054 (former ID: NTR7259).




2.2. Study Participants


Males and females, who considered themselves as healthy, aged 25–70 years old with a body mass index (BMI) between 20–35 kg/m2 were recruited from a clinical center database (Biofortis, France). Participants were unrestrained eaters, based on the three-factor eating behavior questionnaire (TFEQ, restraint scores of <13 for Factor 1 were included [28]). Those who had been prescribed medication for cholesterol, glucose, insulin, blood pressure, body weight and gastrointestinal functioning were excluded. Participants with a history of medical or surgical events that could significantly affect the study outcomes—including more than five years of cardiovascular disease or hypertension or more than two types of medication for cardiovascular disease or hypertension—were also excluded. In addition, participants who smoked regularly, used dietary supplements, suffered from chronic diseases, food allergies or intolerances were excluded from the study.




2.3. Study Design


The study was a monocentric, parallel, open-labeled (subjects were only informed that they were assigned to an intervention group without specification), randomized controlled clinical trial (Figure 1). After a nine-week run-in period in which participants kept their habitual lifestyle (diet and physical activity), participants were stratified to the different interventions based on different plasma parameters in response to a mixed meal drink (measured at baseline (Visit 1, V1)), gender, age and BMI. Randomization occurred via a computer-based blocked randomization table to either the free-living condition (control) group, generic nutritional advice group (GNA group) or the personalized nutrition advice group (PNA group) [29]. All staff involved in analyses of outcome variables were blinded to the intervention allocation. All participants were tested during three clinical visits, V1 at baseline (t = 0 weeks), V2 after the run-in period (t = 9 weeks) and V3 after the intervention period (t = 18 weeks). The intervention period between V2 and V3 took at least nine weeks and was expected to be sufficient to evaluate the initiation of behavior change [30]. The V3 visit was delayed for some subjects due to logistical issues. Some subjects, therefore, had a slightly prolonged intervention period (0.55 ± 1.25 weeks). The prolongation of the intervention period was not identified as a confounder and therefore not included in statistical analyses. Sample size was calculated based on previous literature which showed an effect on physiological functioning between a personalized and generic advice group [27]. With a power of 80% and Type 1 error rate of 5% an effect size of 0.36 was expected with N = 55 for physiological functioning.




2.4. Study Procedures


For all three visits (V1, V2, V3) participants came in to the study center (Biofortis, France) in the morning after at least 10 h fasting. During each visit, anthropometric, hemodynamic, and fasting blood parameters were measured once. At the start of the study (V1), blood parameters were measured in response to a mixed meal drink (PhenFlex test drink, PFT) for all participants. The PFT drink contained 320 mL water, 60 g palm oleine, 75 g dextrose, 20 g Protifar (protein supplement) and 0.5 g artificial aroma (total energy content 920 kcal), as described previously [31,32,33,34]. Participants were instructed to consume the test drink within 5–10 min and were not allowed to eat or drink until the last blood sampling, except from drinking water. Plasma samples were taken before (t = 0, under overnight fasting conditions) and four time-points (t = 0.5 h, t = 1 h, t = 2 h and t = 4 h) after consumption of the test drink. At V2 and V3 only plasma samples under overnight fasting conditions were used for the present study.




2.5. Anthropometric Parameters


Anthropometrics were measured at V1, V2 and V3, except height which was only assessed at baseline. Body weight was recorded with a calibrated weighing scale (KERN PCB 6000–1 to the nearest 0.1 kg). The measures have been performed by trained personnel of the contract research organization Biofortis Mérieux. Measures were taken once. Participants did not wear shoes or heavy clothing. Waist circumference was determined directly over the skin at the midpoint between the lower part of the last rib and the top of the hip.




2.6. Metabolic Parameters


Blood samples were collected in ice-cold ethylenediaminetetraacetic acid (K2EDTA) or Li-heparin tubes. Plasma and serum samples were stored at ≤ −20 °C for clinical chemistry and ≤ −70 °C for all other parameters after centrifugation (for 15 min at approximately 2000× g at approximately 4 °C within 30 min after collection). The following parameters were measured in plasma: glucose, insulin, total cholesterol, HDL cholesterol, LDL cholesterol, non-esterified fatty acids (NEFA) and triglycerides (Cobas Integra 400+ and Roche Diagnostics kits, Basel, Switzerland).




2.7. Insulin Resistance Indices


We calculated the homeostatic model assessment of insulin resistance (HOMA-IR) according to Song et al. [34].




2.8. Hemodynamic Parameters


Systolic blood pressure (SBP), diastolic blood pressure (DBP) and heart rate were measured twice after 5 min rest in sitting position (CARESCAPE V100, GE Healthcare). The average of these measurements was used for the analysis.




2.9. Dietary Intake and Physical Activity


Dietary intake was assessed by an adapted validated French food frequency questionnaire (FFQ), which consisted of 52 questions representing different food categories to indicate usual frequency of consumption, as well as usual portion size [35]. The participants indicated their food consumption over the last month and could report their frequencies of consumption on a daily, weekly or monthly basis. Combining frequencies and usual portion size was used to estimate daily intakes of each food categories. Physical activity was assessed by the International Physical Activity Questionnaire (IPAQ) [36]. The participants filled out the same FFQ and IPAQ at each visit (V1, V2 and V3).




2.10. Treatment of the Control and GNA Group


The participants in the control received no dietary advice and maintained habitual lifestyles. The participants in the GNA group received a leaflet with the general French dietary guidelines at V2. This leaflet contained guidelines on eight food categories, details can be found in Supplementary Materials Table S1, https://www.anses.fr/en/system/files/NUT2012SA0103Ra-1EN.pdf.




2.11. Automated Health Feedback for the PNA Group


Automated feedback on health parameters (e.g., waist, BMI, blood pressure, glucose) and food-intake behavior was provided to the PNA group via an online personal web-portal at V2. Individual health data, e.g., body weight, blood pressure, lipids, were also integrated into a health score based on the health space model. This model was adapted from the original principle [18]. In short, this health space model was based on phenotypic flexibility from two reference groups; healthy young subjects (20–29 years) with a low to normal fat percentage (≤20% for men; ≤30% for women) and elderly (60–70 years) with a normal to high fat percentage (>20% for men; >30% for women) [31]. The individuals in our study were fitted by a net linear regression model trained on the aforementioned reference groups based on their integrated mixed meal response at baseline. A rank-based score was provided which informed participants and researchers of the health status of the participants on a metabolic age scale (≥18 years): the younger, the healthier.




2.12. Personalization of Dietary Advice for the PNA Group


Personalization of the dietary advice for the PNA group was based on metabolic measurements at baseline, the actual food consumed based on the FFQ, anthropometric and hemodynamic measures, as well as gender and age. The personalization of the advice was founded on previous research from the Food4Me consortium [15]. An automated PNA system implemented these results into advice. This system evaluated whether the nutrition intake status (NIS) of the food categories filled out in the FFQ were low (<50%), average (≥50–75%), above average (≥75%), optimal (intake according to guideline) or excessive (>100% in case of dairy) than nutrition guidelines. This evaluation focused on compliance with the French dietary guidelines (Programme national nutrition santé (PNNS)) combined with Dutch dietary guidelines (http://www.voedingscentrum.nl) to make some food category advice quantitative rather than qualitative. Second, the anthropometric measures and metabolic responses which were considered relevant or abnormal were used and combined with the dietary intake data into personalized dietary advice. Moreover, participants were encouraged to set a nutrition goal by formulating implementation intentions, in consultation with the dietician, for one or multiple food categories. All subjects had three contact moments with the dietician by phone: at the beginning of the PNA intervention period, after three weeks and after six weeks. The PNA group completed the FFQ just before each phone call, so in the phone call further personalization and adaptation of the food intake could be discussed. These in-between FFQs were not used for evaluation of the PNA in the present analysis. The personalized advice and implementation intentions were available on an online personal web-portal.




2.13. Statistical Analysis


Data were analyzed on a per protocol basis, using R statistical software, version 3.5.1. Due to the use of self-reported data, data were checked for misreports by use of the interquartile range rule. If self-reported data exceeded 3 times the SD in combination with abnormal eating, e.g., eating 30 kg of fruits per day, data points were considered as misreports and removed from analysis. Misreports were observed in all treatment groups for the food categories fruits, whole grain, spreads and oils and sugar-sweetened beverages (SSB). Ordinal mixed effect models were used to assess the following:



Changes in nutritional intake status between intervention groups:



To assess the effect of PNA on food-intake behavior, we determined changes in NIS of the PNA group between V2 and V3 and compared these to the changes in the control and GNA group. In this model, ‘time’ and ‘treatment’ (and their interaction) as well as ‘gender’ and ‘age’ were specified as fixed effects and ‘participant’ as random factor.



Goal-setting within the PNA group:



Nearly all participants in the PNA group set goals for multiple food categories. Only one participant did not set any goals and was excluded from the analysis to determine if goal-setting was effective (n = 50). Only food categories which were selected for goal-setting by eight or more participants were used in the analysis. To assess if goal-setting was effective, changes in NIS for goal-setting participants were compared to changes in NIS for non-goal-setters from the PNA group for that specific food category. In this model, ‘time’ (V2 compared with V1 and V3), ‘goal’ (yes or no) and their interaction, as well as ‘gender’ and ‘age’ were specified as fixed effects and ‘participant’ as random factor. For all ordinal mixed models, post hoc analyses were performed to further identify the observed time effects. All p values obtained using post hoc analyses were for adjusted according to the Benjamini–Hochberg procedure.



Linear mixed effect models were used to assess the following changes:



Changes in health-related parameters between intervention groups



This concerns the anthropometrics, physical activity and overnight fasting blood parameters. In this model, ‘time’ (V2 compared with V1 and V3), ‘goal’ (yes or no) and their interaction, as well as ‘gender’ and ‘age’ were specified as fixed effects and ‘participant’ as random factor.



Changes in health-related parameters with presence of goal-setting:



To assess if setting goals for a specific food category influenced health parameters, a model was specified with ‘time’ and ‘goal’ (yes or no) and their interaction, as well as ‘gender’ and ‘age’ were as fixed effects and ‘participant’ as random factors. This hypothesis was tested within the PNA group only.



For all linear mixed models, compatibility with mixed-model assumptions was checked by inspection of residual plots and Q-Q plots. In the case of heteroscedastic residuals, data were log-transformed. Tukey (1) or Benjamini–Hochberg (2) procedures were applied when performing post hoc analyses to further identify differences within treatments as well as between time points. For these linear mixed models, statistical outliers were defined as any observation which has an absolute residual exceeding 3 times the residual standard deviation. These observations were excluded from the final models. p < 0.05 was considered significant in all analyses.





3. Results


3.1. Study Logistics


A total of 216 healthy males and females were recruited. Of these participants, a total of 162 subjects were found to be eligible and were randomly allocated to either the control, GNA or PNA groups (Figure 2). Baseline characteristics of the total study population (n = 155) and baseline characteristics per intervention group used for analysis are summarized in Table 1. No significant differences between intervention groups were observed at baseline.




3.2. Effect of PNA on Nutrition Intake Status and Health Compared to Control and GNA


To assess the effect of PNA on food-intake behavior, we determined changes in NIS of the PNA group between V2 and V3 and compared these to changes in the control and GNA group. The change in NIS was significantly different between the PNA group and the control and/or the GNA group (Figure 3, Supplementary Materials Table S2). The PNA group improved NIS for fruits (p < 0.0001), whole grain (p = 0.008), unsalted nuts (p < 0.0001), fish (p = 0.0003), SSB (p = 0.005), added salt (p = 0.003) and unhealthy choices (p = 0.002) (Supplementary Materials Table S3). Especially the change in number of subjects that met the dietary guidelines for fruits (from 24% to 69%; absolute: 13 to 38 subjects), unsalted nuts (from 8% to 67%; absolute: 4 to 34 subjects), fish (from 29% to 57%; absolute: 15 to 29 subjects), SSB (from 43% to 69%; absolute: 22 to 35 subjects) and making less unhealthy choices (from 35% to 51%, 18 to 25 subjects) between V2 and V3 was remarkable. Participants maintained their habitual dietary and physical activity behavior between V1 and V2, except for red meat consumption. The total study population improved their NIS for red meat significantly (from 88% to 96%; p = 0.04 Supplemental Table S4). When looking at between group differences, at V3, participants receiving PNA significantly improved their NIS as compared to the control and GNA group for unsalted nuts (p = 0.0008 PNA–control; p = 0.0007 PNA–GNA), fish (p = 0.003 PNA–control; p = 0.03 PNA–GNA) and added salt (p = 0.0008 PNA–control; p = 0.02 PNA–GNA), respectively.



To further determine the effect of PNA, we investigated within group changes in NIS during the intervention period (V2–V3) as compared to their run-in period (V1–V2) for the PNA group only. The change in NIS for the PNA group was significantly different for whole grains, unsalted nuts, red meat, cold cuts (meat), SSB and added salt (Supplementary Materials Table S3). The post hoc analysis revealed a significant improvement in NIS for most of these categories, except for red meat and whole grains, during the intervention period. Red meat increased from 84 to 94% of the participants having an optimal status in the run-in period and increased from 94 to 96% in the intervention period, a change which was not significant within both periods. Whole grain consumption showed a large number of misreports at V3. These misreports probably are responsible for the difference found, while the change to optimal only increased by 2% (Figure 3C).



Subsequently, it was examined if the change in nutritional intake improved health, however none of the biologic parameters included in the study were changed due to the PNA intervention (Table 2).




3.3. The Effect of Goal-Setting on Nutrition Intake Status and Health Parameters in the PNA Group


Thirty-nine participants set goals for three food categories, ten participants set goals for two food categories, and one participant set goals for one food category. During the intervention period, the NIS was improved significantly in the participants who set a goal for a specific food group as compared to participants in the PNA group who did not set a goal for this specific food group (Supplementary Materials Table S4). The NIS improved significantly for unsalted nuts (p < 0.0001), fruits (p = 0.0001), whole grain (p = 0.005), fish (p = 0.0001), dairy (p = 0.007), vegetables (p = 0.01) and unhealthy choices (p = 0.02) in the participants who set a goal (Figure 4). Especially the improvement in optimal status for unsalted nuts (from 0 to 28 subjects), fruits (from 0 to 18 subjects), fish (from 0 to 12 subjects), vegetables (from 0 to 4 subjects) and unhealthy choices (from 0 to 3 subjects) stands out. In contrast, the NIS deteriorates significantly for vegetables (p = 0.01, n = 42 participants did not set a goal) and dairy (p < 0.0001, n = 41 subjects did not set a goal) in the participants who did not set a goal for these food categories Supplemental Table S4. Overall, of the 120 goals which were set by the participants (n = 50) receiving PNA, only 8 goals were not met at the end of the intervention. It was also investigated if goal-setting improved the health status of participants. The change in biological parameters of subjects who set a goal for the three most selected food categories (unsalted nuts, fruits and whole grain) was compared with the change in biologic parameters in non-goal-setters of the PNA group for these food categories. Interestingly, significant interaction effects between time and specific goals were found for LDL cholesterol (Figure 5). Participants which set a goal for whole grains (18 of 50 subjects (36%)) decreased their LDL cholesterol to a higher degree (3.11 to 2.90 mmol/L; p < 0.0001) than non-goal-setters (32 of 50 subjects (64%), 3.02 to 2.92 mmol/L; p = 0.0003) of the PNA group. Participants who have set a goal for unsalted nuts decreased their LDL cholesterol (29 of 50 subjects (58%); 3.08 to 2.84 mmol/L; p < 0.0001), while non-goal-setters did not (21 of 50 subjects (42%), 3.02 to 3.00 mmol/L; p = 0.56).





4. Discussion


In the current study, we evaluated whether PNA is effective in improving food-intake behavior in a healthy population. We studied this by monitoring the change in NIS of the PNA group compared to the GNA group and control. Furthermore, we investigated if changes in food-intake behavior could improve health outcomes. In addition, for the PNA group we investigated whether setting goals for specific food groups is an effective method for improving individual food-intake behavior and if this consequently affects health. The main findings of our study were that PNA was more effective in improving NIS than generic, one-size-fits-all, dietary advice. In addition, the setting of goals for food group improvement, with the use of implementation intentions, showed to be extra beneficial in changing individual food-intake behavior.



During the free living condition, the total study population improved their NIS of red meat by 8%. This change in food-intake behavior may be explained by the fact that individuals who take part in lifestyle interventions are more likely to be motivated to adopt a healthy lifestyle compared to other individuals [37]. At V2, 96% of the participants were compliant with the nutrition guidelines for red meat [38,39]. Due to this high percentage of participants with an optimal intake of red meat, almost no improvement was possible in the intervention period. Although participants were aware that they were participating in a nutritional study no significant changes were found in NIS in the control between V1 and V2, nor between V2 and V3 indicating proper study compliance. At V2, NIS between the control and PNA group was similar.



Our findings are in line with the results from recent studies evaluating the effect of GNA and PNA on food-intake behavior [14,26]. PNA was more effective in improving food-intake behavior than GNA. Although participants knew it was a nutritional intervention it still remained difficult to change their food-intake behavior with only generic advice such as provided by public health organizations. The PNA was effective in improving the NIS of fruits, unsalted nuts, fish, SSB, added salt and unhealthy choices compared to GNA. These results suggest that personalized advice including goal-setting is more effective in changing dietary behavior than generic advice. This can be explained by the fact that personalized advice is considered more relevant and important to an individual than general advice [11,23]. For the food categories vegetables, dairy and spreads and oils, no or only a small improvement was observed in the PNA group than their run-in period or the GNA group. These results suggest that it is less attractive for participants to choose to add more vegetables to their diet, to have an optimal dairy intake or to change the type of fat they use for cooking. This can be explained by the fact that people can only cope with a few behavior changes at a time [40,41]. However, also other factors such as individual physiological or psychological traits could affect food-intake behavior [42]. For future studies, focusing on the increase of vegetables intake is advised, since meta-analyses indicate that an increased vegetable intake is associated with reduced risk of chronic disease development [43,44,45]. To improve this intake, other behavior change techniques could be incorporated. For example, problem solving, and social comparison are particularly relevant behavior change strategies for improving compliance with advice on fruit and vegetable intake [46,47].



For whole grain, the number of misreports (11 subjects) increased in the PNA group during the intervention period, since many subjects did not fill out the question on which type (white or whole grain) of bread they ate, resulting in a misreport. Figure 3C did show changes in whole grains intake, i.e., a reduction in the low whole grains intake category and an increase in both the average and optimal whole grains intake category, which could explain the observed difference. However, interpreting if the total food category improved or deteriorated was not possible. In future studies with these kind of online FFQs it would be advised to build in an answer check to prevent misreporting.



Participants in the PNA group were encouraged to set goals, by formulating implementation intentions, to optimize their NIS. Previous research already indicated that goal-setting can be an effective method for changing dietary behavior [24,47]. In contrast to a recent study [27], which used personalized advice and implementation intentions, we observed an improved dietary intake for all food categories that were chosen as goal. As this was not the case for people who did not set a goal, these results indicate that participants who have set a goal for a specific food category are more prone to improve their food-intake behavior for that food category. In the PNA group, the largest improvements were observed for the food categories unsalted nuts and fruits. These food categories were also the food categories most the participants set goals for (n = 29 and 23, respectively out of 50). Interestingly, for the food categories SSB and unhealthy choices, for which no or only a few participants set goals, there was also an improvement in NIS in the PNA group compared to the GNA group and to their run-in period. These results suggest that PNA is also effective in changing an individual’s behavior without setting goals.



Although the PNA group clearly improved their nutritional behavior, this did not result in a general health improvement for this group. However, when zooming in on the participants who set a goal for unsalted nuts and whole grain, we did observe changes in health than participants who did not set a goal for these food categories within the PNA group. For participants that set goals for unsalted nuts and whole grain, we observed a significantly larger decrease in LDL cholesterol than participants who did not set a goal for these food categories. These results are in line with previous findings, which showed a decrease in LDL cholesterol as a result of an increased consumption of unsalted nuts or whole grains intake [48,49,50,51].



A limitation of our study is the large variety of the subjects and their good health, making it difficult to observe health improvements. As a follow-up, it could be studied if in subjects of a specific age range with a compromised health (e.g., old age and/or overweight) a change in health parameters can be observed as a result of improved dietary intake. Second, personalized advice differs between individuals, since each individual receives their own tailored advice, increasing the difficulty of health effect analysis. Future development of personalized data analysis, even if only basic measures are present, may provide a solution for this problem such as performed by Ritz and colleagues on fasting glucose and insulin [52]. Alternatively, Zeevi et al. showed benefits of personalization when taking postprandial glucose metabolism into account [25]. Both strategies probably lack information on metabolic regulation as only parts are considered. A more complex measurement and analysis of postprandial metabolism such as performed in a recent study, in volunteers with a compromised health state who substituted refined wheat with whole grains wheat, where subtle improvements of systemic responses were observed may provide better personalized nutrition solutions [53].



A strength of our study was the use of an online web portal with automatically generated PNA, in a healthy population, thereby providing evidence that personalization can significantly improve compliance with dietary guidelines than GNA [15]. Although we did not find interaction effects on health parameters on a group level, these results may still indicate the added value of using PNA in public health initiatives. A second strength of the study was that we showed the dependency of health effects on goal-setting after nine weeks. These results may cautiously indicate that even within such a very healthy and diverse study population specific and personal health benefits could be identified.




5. Conclusions


In conclusion, after a nine-week intervention, healthy male and female participants receiving PNA showed an improvement of their NIS compared with participants receiving GNA. When an implementation intention was set next to receiving PNA, nutritional behavior was more prone to change. Participants who had set a goal for unsalted nuts and/or whole grains improved LDL cholesterol after nine weeks of intervention, indicating possible health benefits of PNA including goal-setting. Ongoing and future personalized nutrition studies should include postprandial metabolism to look more systemically at health of a subject. Furthermore, sustainability of the personalization strategies on health status is of interest since general (dietary) behavior change is known to be difficult to maintain.
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Author Contributions


Conceptualization, S.W. and W.J.P.; formal analysis, C.M.M.B. T.J.v.d.B. and F.P.M.H.; writing—original draft preparation, C.M.M.B. and F.H.; writing—review and editing, S.W., W.J.P., E.B., I.M.d.H., T.J.v.d.B., F.H. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by public private partnership entitled “PhenFlex-based resilience as measure for health effects of diet” financed by Topsector Agri & Food (TKI-AF-16035) and co-funded by the PPP Allowance made available by Health~Holland, Top Sector Life Sciences & Health to stimulate public–private partnerships. This project was sponsored by TNO roadmap Biomedical Health and co-funded by Pfizer, Inc., BASF SE, By-Health, Roquette, Biofortis Merieux NutriSciences and CIRO.




Acknowledgments


We thank the participants involved in the study. Martien Caspers for data management and Ferry Jagers and Gino Kalkman for setting up the nutritional advice system. We gratefully acknowledge Biofortis Merieux NutriSciences for recruiting the subjects and conducting the study. This study was approved by the PhenFlex2 consortium.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analyses or interpretation of data; in the writing of the manuscript or in the decision to publish the results.




References


	



Rieken, M.; Struckmann, V.; Dyakova, M.; Melchieorre, M.G.; Rissanen, S.; van Ginneken, E.; On the Behalf of the ICARE4EU Partners. ICARE 4EU: Improving Care for People with Multiple Chronic Condition in Europe. Eurohealth (Lond.) 2013, 19, 29–31. [Google Scholar]

	



Agha, M.; Agha, R. The Rising Prevalence of Obesity: Part A: Impact on Public Health. Int. J. Surg. Oncol. 2017, 2, e17. [Google Scholar] [CrossRef] [PubMed]

	



World Health Organization. Global Health Risks: Mortality and Burden of Disease Attributable to Selected Major Risks; World Health Organization: Geneva, Switzerland, 2009. [Google Scholar]

	



Andersen, C.J.; Fernandez, M.L. Dietary Strategies to Reduce Metabolic Syndrome. Rev. Endocr. Metab. Disord. 2013, 14, 241–254. [Google Scholar] [CrossRef] [PubMed]

	



Kastorini, C.-M.; Milionis, H.J.; Esposito, K.; Giugliano, D.; Goudevenos, J.A.; Panagiotakos, D.B. The Effect of Mediterranean Diet on Metabolic Syndrome and Its Components: A Meta-Analysis of 50 Studies and 534,906 Individuals. J. Am. Coll. Cardiol. 2011, 57, 1299–1313. [Google Scholar] [CrossRef]

	



Lock, K.; Pomerleau, J.; Causer, L.; Altmann, D.R.; McKee, M. The Global Burden of Disease Attributable to Low Consumption of Fruit and Vegetables: Implications for the Global Strategy on Diet. Bull. World Health Organ. 2005, 83, 100–108. [Google Scholar]

	



Lagström, H.; Stenholm, S.; Akbaraly, T.; Pentti, J.; Vahtera, J.; Kivimäki, M.; Head, J. Diet Quality as a Predictor of Cardiometabolic Disease–Free Life Expectancy: The Whitehall II Cohort Study. Am. J. Clin. Nutr. 2020, 111, 787–794. [Google Scholar] [CrossRef]

	



Kimokoti, R.W.; Millen, B.E. Nutrition for the Prevention of Chronic Diseases. Med. Clin. N. Am. 2016. [Google Scholar] [CrossRef]

	



Agriculture., U. S. D. of H. and H. S. and U. S. D. of. 2015–2020 Dietary Guidelines for Americans. 8th Edition. Available online: https://health.gov/our-work/food-nutrition/2015-2020-dietary-guidelines/guidelines/chapter-2/current-eating-patterns-in-the-united-states/ (accessed on 14 April 2020).

	



Bechthold, A.; Boeing, H.; Tetens, I.; Schwingshackl, L.; Nöthlings, U. Perspective: Food-Based Dietary Guidelines in Europe—Scientific Concepts, Current Status, and Perspectives. Adv. Nutr. 2018, 9, 544–560. [Google Scholar] [CrossRef]

	



Brug, J.; Campbell, M.; van Assema, P. The Application and Impact of Computer-Generated Personalized Nutrition Education: A Review of the Literature. Patient Educ. Couns. 1999, 36, 145–156. [Google Scholar] [CrossRef]

	



Ordovas, J.M.; Ferguson, L.R.; Tai, E.S.; Mathers, J.C. Personalised Nutrition and Health. BMJ 2018, 361, bmj-k2173. [Google Scholar] [CrossRef]

	



Schuetz, P.; Fehr, R.; Baechli, V.; Geiser, M.; Deiss, M.; Gomes, F.; Kutz, A.; Tribolet, P.; Bregenzer, T.; Braun, N. Individualised Nutritional Support in Medical Inpatients at Nutritional Risk: A Randomised Clinical Trial. Lancet 2019, 393, 2312–2321. [Google Scholar] [CrossRef]

	



Krebs, P.; Prochaska, J.O.; Rossi, J.S. A Meta-Analysis of Computer-Tailored Interventions for Health Behavior Change. Prev. Med. (Baltim) 2010, 51, 214–221. [Google Scholar] [CrossRef] [PubMed]

	



Celis-Morales, C.; Livingstone, K.M.; Marsaux, C.F.M.; Macready, A.L.; Fallaize, R.; O’Donovan, C.B.; Woolhead, C.; Forster, H.; Walsh, M.C.; Navas-Carretero, S. Effect of Personalized Nutrition on Health-Related Behaviour Change: Evidence from the Food4me European Randomized Controlled Trial. Int. J. Epidemiol. 2016, 46, 578–588. [Google Scholar] [CrossRef]

	



Fjeldsoe, B.S.; Marshall, A.L.; Miller, Y.D. Behavior Change Interventions Delivered by Mobile Telephone Short-Message Service. Am. J. Prev. Med. 2009, 36, 165–173. [Google Scholar] [CrossRef] [PubMed]

	



Adams, S.H.; Anthony, J.C.; Carvajal, R.; Chae, L.; Khoo, C.S.H.; Latulippe, M.E.; Matusheski, N.V.; McClung, H.L.; Rozga, M.; Schmid, C.H. Perspective: Guiding Principles for the Implementation of Personalized Nutrition Approaches That Benefit Health and Function. Adv. Nutr. 2020, 11, 25–34. [Google Scholar] [CrossRef] [PubMed]

	



Bouwman, J.; Vogels, J.T.W.E.; Wopereis, S.; Rubingh, C.M.; Bijlsma, S.; van Ommen, B. Visualization and Identification of Health Space, Based on Personalized Molecular Phenotype and Treatment Response to Relevant Underlying Biological Processes. BMC Med. Genomics 2012, 5, 1. [Google Scholar] [CrossRef] [PubMed]

	



Jenkins, S.; Horner, S.D. Barriers That Influence Eating Behaviors in Adolescents. J. Pediatr. Nurs. 2005, 20, 258–267. [Google Scholar] [CrossRef]

	



Van Ommen, B.; Wopereis, S.; van Empelen, P.; van Keulen, H.M.; Otten, W.; Kasteleyn, M.; Molema, J.J.W.; de Hoogh, I.M.; Chavannes, N.H.; Numans, M.E.; et al. From Diabetes Care to Diabetes Cure—The Integration of Systems Biology, EHealth, and Behavioral Change. Front. Endocrinol. (Lausanne) 2018, 8, 381. [Google Scholar] [CrossRef]

	



Kris-Etherton, P.M.; Taylor, D.S.; Smiciklas-Wright, H.; Mitchell, D.C.; Bekhuis, T.C.; Olson, B.H.; Slonim, A.B. High-Soluble-Fiber Foods in Conjunction with a Telephone-Based, Personalized Behavior Change Support Service Result in Favorable Changes in Lipids and Lifestyles after 7 Weeks. J. Am. Diet. Assoc. 2002, 102, 503–510. [Google Scholar] [CrossRef]

	



Parekh, S.; Vandelanotte, C.; King, D.; Boyle, F.M. Design and Baseline Characteristics of the 10 Small Steps Study: A Randomised Controlled Trial of an Intervention to Promote Healthy Behaviour Using a Lifestyle Score and Personalised Feedback. BMC Public Health 2012, 12, 179. [Google Scholar] [CrossRef]

	



Campbell, M.K.; DeVellis, B.M.; Strecher, V.J.; Ammerman, A.S.; DeVellis, R.F.; Sandler, R.S. Improving Dietary Behavior: The Effectiveness of Tailored Messages in Primary Care Settings. Am. J. Public Health 1994, 84, 783–787. [Google Scholar] [CrossRef]

	



Gollwitzer, P.M. Implementation Intentions: Strong Effects of Simple Plans. Am. Psychol. 1999, 54, 493. [Google Scholar] [CrossRef]

	



Zeevi, D.; Korem, T.; Zmora, N.; Israeli, D.; Rothschild, D.; Weinberger, A.; Ben-Yacov, O.; Lador, D.; Avnit-Sagi, T.; Lotan-Pompan, M. Personalized Nutrition by Prediction of Glycemic Responses. Cell 2015, 163, 1079–1094. [Google Scholar] [CrossRef]

	



Adriaanse, M.A.; de Ridder, D.T.D.; de Wit, J.B.F. Finding the Critical Cue: Implementation Intentions to Change One’s Diet Work Best When Tailored to Personally Relevant Reasons for Unhealthy Eating. Personal. Soc. Psychol. Bull. 2009, 35, 60–71. [Google Scholar] [CrossRef]

	



Doets, E.L.; de Hoogh, I.M.; Holthuysen, N.; Wopereis, S.; Verain, M.C.D.; van den Puttelaar, J.; Hogenelst, K.; Boorsma, A.; Bouwman, E.P.; Timmer, M. Beneficial Effect of Personalized Lifestyle Advice Compared to Generic Advice on Wellbeing among Dutch Seniors–An Explorative Study. Physiol. Behav. 2019, 210, 112642. [Google Scholar] [CrossRef] [PubMed]

	



Stunkard, A.J.; Messick, S. The Three-Factor Eating Questionnaire to Measure Dietary Restraint, Disinhibition and Hunger. J. Psychosom. Res. 1985, 29, 71–83. [Google Scholar] [CrossRef]

	



Schoen, E.D.; Wopereis, S. Randomization of Subjects to Study-Arms of a Parallel Study in the Presence of Multiple Covariates. BMC Med. Res. Methodol. 2020. [Google Scholar] [CrossRef]

	



Lally, P.; Van Jaarsveld, C.H.M.; Potts, H.W.W.; Wardle, J. How Are Habits Formed: Modelling Habit Formation in the Real World. Eur. J. Soc. Psychol. 2010, 40, 998–1009. [Google Scholar] [CrossRef]

	



Van den Broek, T.J.; Bakker, G.C.M.; Rubingh, C.M.; Bijlsma, S.; Stroeve, J.H.M.; van Ommen, B.; van Erk, M.J.; Wopereis, S. Ranges of Phenotypic Flexibility in Healthy Subjects. Genes Nutr. 2017, 12, 32. [Google Scholar] [CrossRef]

	



Wopereis, S.; Stroeve, J.H.M.; Stafleu, A.; Bakker, G.C.M.; Burggraaf, J.; van Erk, M.J.; Pellis, L.; Boessen, R.; Kardinaal, A.A.F.; van Ommen, B. Multi-Parameter Comparison of a Standardized Mixed Meal Tolerance Test in Healthy and Type 2 Diabetic Subjects: The PhenFlex Challenge. Genes Nutr. 2017, 12. [Google Scholar] [CrossRef]

	



Stroeve, J.H.M.; van Wietmarschen, H.; Kremer, B.H.A.; van Ommen, B.; Wopereis, S. Phenotypic Flexibility as a Measure of Health: The Optimal Nutritional Stress Response Test. Genes Nutr. 2015, 10. [Google Scholar] [CrossRef] [PubMed]

	



Song, Y.; Manson, J.E.; Tinker, L.; Howard, B.V.; Kuller, L.H.; Nathan, L.; Rifai, N.; Liu, S. Insulin Sensitivity and Insulin Secretion Determined by Homeostasis Model Assessment and Risk of Diabetes in a Multiethnic Cohort of Women: The Women’s Health Initiative Observational Study. Diabetes Care 2007, 30, 1747–1752. [Google Scholar] [CrossRef] [PubMed]

	



Barrat, E.; Aubineau, N.; Maillot, M.; Derbord, É.; Barthes, P.; Lescuyer, J.-F.; Boisseau, N.; Peltier, S.L. Repeatability and Relative Validity of a Quantitative Food-Frequency Questionnaire among French Adults. Food Nutr. Res. 2012, 56, 18472. [Google Scholar] [CrossRef]

	



Craig, C.L.; Marshall, A.L.; Sjöström, M.; Bauman, A.E.; Booth, M.L.; Ainsworth, B.E.; Pratt, M.; Ekelund, U.; Yngve, A.; Sallis, J.F.; et al. International Physical Activity Questionnaire: 12-Country Reliability and Validity. Med. Sci. Sports Exerc. 2003, 35, 1381–1395. [Google Scholar] [CrossRef]

	



Britton, A.; McKee, M.; Black, N.; McPherson, K.; Sanderson, C.; Bain, C. Threats to Applicability of Randomised Trials: Exclusions and Selective Participation. J. Health Serv. Res. Policy 1999, 4, 112–121. [Google Scholar] [CrossRef] [PubMed]

	



Voedingscentrum. Available online: https://www.voedingscentrum.nl/nl/gezond-eten-met-de-schijf-van-vijf.aspx (accessed on 14 April 2020).

	



Manger Bouger. Available online: https://www.mangerbouger.fr/PNNS (accessed on 14 April 2020).

	



Verhoeven, A.A.C.; Adriaanse, M.A.; de Vet, E.; Fennis, B.M.; de Ridder, D.T.D. Identifying the ‘If’ for ‘If-Then’ Plans: Combining Implementation Intentions with Cue-Monitoring Targeting Unhealthy Snacking Behaviour. Psychol. Health 2014, 29, 1476–1492. [Google Scholar] [CrossRef]

	



De Vet, E.; Oenema, A.; Brug, J. More or Better: Do the Number and Specificity of Implementation Intentions Matter in Increasing Physical Activity? Psychol. Sport Exerc. 2011, 12, 471–477. [Google Scholar] [CrossRef]

	



Bellisle, F. Why Should We Study Human Food Intake Behaviour? Nutr. Metab. Cardiovasc. Dis. 2003, 13, 189–193. [Google Scholar] [CrossRef]

	



Aune, D.; Giovannucci, E.; Boffetta, P.; Fadnes, L.T.; Keum, N.; Norat, T.; Greenwood, D.C.; Riboli, E.; Vatten, L.J.; Tonstad, S. Fruit and Vegetable Intake and the Risk of Cardiovascular Disease, Total Cancer and All-Cause Mortality—a Systematic Review and Dose-Response Meta-Analysis of Prospective Studies. Int. J. Epidemiol. 2017, 46, 1029–1056. [Google Scholar] [CrossRef]

	



Zhan, J.; Liu, Y.-J.; Cai, L.-B.; Xu, F.-R.; Xie, T.; He, Q.-Q. Fruit and Vegetable Consumption and Risk of Cardiovascular Disease: A Meta-Analysis of Prospective Cohort Studies. Crit. Rev. Food. Sci. Nutr. 2017, 57, 1650–1663. [Google Scholar] [CrossRef]

	



Wang, X.; Ouyang, Y.; Liu, J.; Zhu, M.; Zhao, G.; Bao, W.; Hu, F.B. Fruit and Vegetable Consumption and Mortality from All Causes, Cardiovascular Disease, and Cancer: Systematic Review and Dose-Response Meta-Analysis of Prospective Cohort Studies. BMJ 2014, 349, g4490. [Google Scholar] [CrossRef] [PubMed]

	



Thomson, C.A.; Ravia, J. A Systematic Review of Behavioral Interventions to Promote Intake of Fruit and Vegetables. J. Am. Diet. Assoc. 2011, 111, 1523–1535. [Google Scholar] [CrossRef]

	



Ammerman, A.S.; Lindquist, C.H.; Lohr, K.N.; Hersey, J. The Efficacy of Behavioral Interventions to Modify Dietary Fat and Fruit and Vegetable Intake: A Review of the Evidence. Prev. Med. (Baltim) 2002, 35, 25–41. [Google Scholar] [CrossRef] [PubMed]

	



Davy, B.M.; Davy, K.P.; Ho, R.C.; Beske, S.D.; Davrath, L.R.; Melby, C.L. High-Fiber Oat Cereal Compared with Wheat Cereal Consumption Favorably Alters LDL-Cholesterol Subclass and Particle Numbers in Middle-Aged and Older Men. Am. J. Clin. Nutr. 2002, 76, 351–358. [Google Scholar] [CrossRef] [PubMed]

	



Ros, E.; Tapsell, L.C.; Sabaté, J. Nuts and Berries for Heart Health. Curr. Atheroscler. Rep. 2010, 12, 397–406. [Google Scholar] [CrossRef] [PubMed]

	



Salas-Salvado, J.; Guasch-Ferre, M.; Bullo, M.; Sabate, J. Nuts in the Prevention and Treatment of Metabolic Syndrome. Am. J. Clin. Nutr. 2014, 100, 399S–407S. [Google Scholar] [CrossRef]

	



Ye, E.Q.; Chacko, S.A.; Chou, E.L.; Kugizaki, M.; Liu, S. Greater Whole-Grain Intake Is Associated with Lower Risk of Type 2 Diabetes, Cardiovascular Disease, and Weight Gain. J. Nutr. 2012, 142, 1304–1313. [Google Scholar] [CrossRef]

	



Ritz, C.; Astrup, A.; Larsen, T.; Hjorth, M. Weight Loss at Your Fingertips: Personalized Nutrition with Fasting Glucose and Insulin Using a Novel Statistical Approach. Eur. J. Clin. Nutr. 2019, 73, 1529–1535. [Google Scholar] [CrossRef]

	



Hoevenaars, F.P.M.; Esser, D.; Schutte, S.; Priebe, M.G.; Vonk, R.J.; van den Brink, W.J.; van der Kamp, J.-W.; Stroeve, J.H.M.; Afman, L.A.; Wopereis, S. Whole Grain Wheat Consumption Affects Postprandial Inflammatory Response in a Randomized Controlled Trial in Overweight and Obese Adults with Mild Hypercholesterolemia in the Graandioos Study. J. Nutr. 2019, 149, 2133–2144. [Google Scholar] [CrossRef]








[image: Nutrients 12 02819 g001 550] 





Figure 1. Study design. V1, V2, V3 represent the visit day numbers that the participants had their test day in the metabolic ward (Biofortis, France). Between Visits 1 and 2, the free-living period was at least nine weeks. All participants started their treatment after Visit 2 for nine weeks. Visit 3 was the last test day. FFQ—food frequency questionnaire; IPAQ—international physical activity questionnaire; PFT—PhenFlex challenge test. 
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Figure 2. Flowchart of participation. In the control and GNA group, two participants of each group were lost to follow-up and in the PNA group, three participants were lost to follow-up. These participants stopped prematurely with the study or started using medication which could interfere with the study outcomes. GNA—generic nutrition advice; PNA—personalized nutrition advice. 
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Figure 3. Nutrition intake status (NIS) before (V2) and after the nine-week (V3) intervention period in participants receiving (A) no nutrition advice (control); (B) GNA; (C) PNA. Data are percentages of participants in the control; GNA and PNA groups have a low, average, above average, optimal or excessive NIS of the 14 food categories. In white the percentage of misreports are indicated. Control: n = 52, GNA: n = 52, PNA: n = 51. GNA—generic nutrition advice; NIS—nutrition intake status; PNA—personalized nutrition advice; SSB—sugar-sweetened beverages. 
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Figure 4. Fluctuation plots of the percentage of goal-setting participants receiving PNA per nutrition intake status before (V2) and after the nine-week intervention period (V3) for (a) fruit: n = 23; (b) vegetables: n = 8; (c) whole grain: n = 18; (d) unsalted nuts: n = 29; (e) fish: n = 16; (f) spreads and oils: n = 11; (g) dairy: n = 9; (h) unhealthy choices: n = 6. The size of the circles represents the percentage of participants who set a goal for that specific food category and the lines represent participant migration of NIS between V2 and V3. The size of the lines represent the percentage of participants that migrated between NIS during the intervention period (V2 to V3). ** p < 0.01, *** p < 0.001, NS: non-significant. NIS—nutrition intake status; PNA—personalized nutrition advice. 
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Figure 5. Changes in LDL cholesterol (A) goal-setters for whole grain, n = 18; (B) non-goal-setters for whole grain, n = 32 (C) goal-setters for unsalted nuts, n = 29; (D) non-goal-setters for unsalted nuts, n = 21. Data presented as descriptive boxplot, in which the center represents the median, the outlines of the box indicate quartile 1 or 25th percentile and quartile 3 or 75th percentile and the top of the line shows the most extreme data points within 1.5 times the IQR. The full circle in the boxplots represents mean LDL cholesterol. Dotted line represents an LDL cholesterol of 3.0 mmol/L. An LDL below 3.0 mmol/L is healthy, according to the Dutch Heart Association (https://www.hartstichting.nl/). *** p < 0.001. PNA—personalized nutrition advice. 
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Table 1. Baseline characteristics of the study population.
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Variables

	
Total Population

	
Control

	
GNA

	
PNA






	
Total (n)

	
155

	
52

	
52

	
51




	
Sex, female, n (%)

	
100 (64.5)

	
34 (65.4)

	
34 (65.4)

	
32 (62.7)




	
Age (years)

	
42.3 ± 12.1

	
42.8 ± 11.8

	
41.8 ± 12.1

	
42.3 ± 12.6




	
Anthropometrics

	




	
BMI (kg/m2)

	
25.2 ± 3.6

	
25.1 ± 3.9

	
25.4 ± 3.7

	
25.1 ± 3.0




	
Waist circumference (cm)

	
83.4 ± 10.6

	
83.6 ± 11.3

	
83.5 ± 10.7

	
83.2 ± 10.0




	
Hip circumference (cm)

	
100.4 ± 7.8

	
100.2 ± 9.4

	
100.7 ± 7.8

	
100.3 ± 5.7




	
Hemodynamics

	




	
Diastolic BP (mmHg)

	
73.1 ± 9.2

	
72.6 ± 9.6

	
73.9 ± 9.2

	
72.7 ± 8.8




	
Systolic BP (mmHg)

	
117.1 ± 13.0

	
116.7 ± 12.4

	
119.2 ± 14.4

	
115.6 ± 12.2




	
Metabolic health fasting

	




	
Total cholesterol (mmol/L)

	
4.73 ± 0.99

	
4.64 ±1.05

	
4.90 ± 0.87

	
4.65 ± 1.04




	
HDL cholesterol (mmol/L)

	
1.48 ± 0.36

	
1.52 ± 0.39

	
1.50 ± 0.36

	
1.41 ± 0.34




	
LDL cholesterol (mmol/L)

	
2.81 ± 0.84

	
2.69 ± 0.81

	
2.96 ± 0.81

	
2.78 ± 0.89




	
Triglycerides (mmol/L)

	
0.29 ± 0.09

	
0.29 ± 0.09

	
0.29 ± 0.09

	
0.29 ± 0.1




	
HbA1c (%)

	
5.20 ± 0.24

	
5.21 ± 0.25

	
5.16 ± 0.25

	
5.22 ± 0.23




	
NEFA (mmol/L)

	
0.41 ± 0.19

	
0.41 ± 0.19

	
0.43 ± 0.21

	
0.37 ± 0.13




	
Glucose and Insulin-related indices

	




	
HOMA-IR

	
1.58 ± 1.09

	
1.52 ± 1.14

	
1.61 ± 1.05

	
1.61 ± 1.10




	
Health space analysis

	

	

	

	




	
Metabolic age

	
41.47 ± 11.49

	
41.29 ± 10.90

	
41.62 ± 10.48

	
41.51 ± 13.15








Data presented as means ± SDs. BP—blood pressure; GNA—generic nutrition advice; PNA—personalized nutrition advice; HDL—high density lipoprotein; LDL—low density lipoprotein; HOMA-IR—homeostatic model assessment of insulin resistance; BMI—Body Mass Index; HbA1c—glycated haemoglobin; NEFA—non-esterified fatty acids.
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Table 2. Anthropometrics and overnight fasting blood parameters before (V2) and after (V3) the intervention period in participants receiving no nutrition advice (control), GNA or PNA.
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Control

	

	
GNA

	

	
PNA

	

	
Interaction Effect

	
Interaction Effect






	
Variables

	
V2

	
V3

	
V2

	
V3

	
V2

	
V3

	
PNA vs. control × Time

	
PNA vs. GNA × Time




	
Anthropometrics

	




	
BMI (kg/m2)

	
25.2 ± 4.0

	
25.4 ± 4.1

	
25.3 ± 3.7

	
25.3 ± 3.6

	
25.1 ± 3.0

	
25.1 ± 3.1

	
0.22

	
0.85




	
Waist (cm)

	
83.2 ± 11.1

	
83.0 ± 11.4

	
83.4 ± 10.8

	
82.6 ± 10.4

	
83.3 ± 10.1

	
82.5 ± 9.9

	
0.18

	
0.93




	
Hip (cm)

	
100.1 ± 9.4

	
99.6 ± 9.6

	
100.68 ± 8.0

	
99.8 ± 7.8

	
100.5 ± 5.7

	
99.8 ± 5.9

	
0.56

	
0.52




	
Physical activity

	

	

	

	

	

	

	




	
Metabolic equivalent of task (MET) per day

	
732 ± 598

	
801 ± 777

	
1113 ±1005

	
972 ± 888

	
859 ± 609

	
842 ± 19

	
0.49

	
0.52




	
Hemodynamics

	




	
Diastolic BP (mmHg)

	
73.0 ± 9.4

	
69.4 ± 10.4

	
73.9 ± 9.1

	
71.3 ± 10.3

	
72.7 ± 9.2

	
70.6 ± 9.0

	
0.35

	
0.72




	
Systolic BP (mmHg)

	
117.5 ± 13.1

	
119.5 ± 16.3

	
117.1 ± 14.8

	
121.3 ± 16.3

	
116.8 ± 1.7

	
120.9 ± 2.4

	
0.38

	
0.97




	
Metabolic health fasting

	




	
Total cholesterol (mmol/L)

	
4.89 ± 1.13

	
4.84 ± 1.05

	
5.31 ± 1.09

	
5.19 ± 1.02

	
5.03 ± 1.07

	
4.81 ± 1.01

	
0.10

	
0.32




	
HDL cholesterol (mmol/L)

	
1.52 ± 0.37

	
1.52 ± 0.37

	
1.51 ± 0.35

	
1.54 ± 0.38

	
1.44 ± 0.34

	
1.41 ± 0.33

	
0.31

	
0.06




	
LDL cholesterol (mmol/L)

	
2.90 ± 0.92

	
2.86 ± 0.83

	
3.29 ± 0.96

	
3.18 ± 0.92

	
3.09 ± 0.89

	
2.95 ± 0.88

	
0.23

	
0.65




	
Triglycerides (mmol/L)

	
0.29 ± 0.11

	
0.29 ± 0.10

	
0.31 ± 0.11

	
0.3 ± 0.08

	
0.3 ± 0.11

	
0.29 ± 0.09

	
0.38

	
0.85




	
HbA1c (%)

	
5.27 ± 0.26

	
5.11 ± 0.28

	
5.25 ± 0.27

	
5.06 ± 0.25

	
5.25 ± 0.25

	
5.14 ± 0.24

	
0.39

	
0.10




	
Glucose and Insulin-related indices

	




	
HOMA-IR

	
1.82 ± 1.07

	
1.88 ± 1.18

	
2.03 ± 2.13

	
1.90 ± 1.83

	
1.91 ± 1.61

	
2.04 ± 1.57

	
0.85

	
0.40








Data presented as mean ± SDs. Interaction effect represents p values between time and treatment where a p < 0.05 was considered significant; BP—blood pressure; GNA—generic nutrition advice—PNA—personalized nutrition advice; HDL—high density lipoprotein; LDL—low density lipoprotein; HOMA-IR—homeostatic model assessment of insulin resistance; BMI—Body Mass Index; HbA1c—glycated haemoglobin














© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file4.png
intervention (n = 54)

Follow-up

Discontinued intervention

(n=2)

Analyzed in control
intervention (n = 52}

Assessed for eligibility

{n=216)

Randomly assigned
(n=162)

Allocated to GNA

intervention {n = 54)

Discontinued intervention
{n=2)

Analyzed in GNA
intervention (n = 52}

Excluded (n = 54)

Did not meet inclusion criveria

Allocated to PNA

intervention (n = 54

Discontinued intervention

(n=3)

Analyzed in PNA

intervention (n = 51)






nav.xhtml


  nutrients-12-02819


  
    		
      nutrients-12-02819
    


  




  





media/file2.png
—
b
1w

1|2 15 1|E weeks
|

| | | | | | | |

Free living conditions

Free living conditions

Generic nutrition advice

Personalized nutrition advice

r

V1 V2 V3
PFT Fasting blood Fasting blood
Anthropometric & parameters parameters
hemodynamic Anthropometric & Anthropometric &
measurements hemodynamic hemodynamic
FFQ & IPAQ measurements measurements

FFQ & IPAQ FFQ & IPAQ





media/file5.jpg
i

P

|

!
1

|
E

)

c
gon
[T —
m——— = Mitpors
o e & Boessve
o e— e = Opinal
[ —————— | 3 Ao Average
e — = Avenge
e — -

I

|






media/file3.jpg
sedor ity
(0216

Alocated i Control Alocatedto GNA
inteenton(n = 54 nteventin n=54)
Discontnued interventon Discontinued interventon
=2 0=2)

nalyzed i cotrol Anaiaedin GNA
intervention (' 52) ntervention (n=52)






media/file1.jpg
Free ing conditons

Free g condions

v
G
Anthropometric s
hemodynamic
Fraa P

v
Fastingblood
parameters
Anthropometric &
hemodynamic
Fras b

v
Fasting bood
parameters
Anthropometrice.
hemodynamic
Fras P





media/file7.jpg
Excessive
Optimal
AboveAverage
Average

Low

Excessive:
Optimal
AboveAverage
Average

Low:

Excessive
Optimal
Aboveverage
Average

Low

Excessive
Optimal
AboveAverage
Average

Low

a Fruits. b Vegetables
e NS
L ] (]
. .
13 . .
[ 4 . .
¢ Whole grains d_Unsalted nuts
o °
. ° .
( ] . (]
e Fish f Dairy
o NS
) .
. . °
[ . [ L]
[ ] [
g Spreads and Oils h_Unhealthy choices
NS NS
[ ]
(4 .
[ J ° [ °
® ° [ & o
V2 V3 V2 V3

Percentage
® s
®
@





media/file10.png
A Goal setters whole grain B Non-goal setters whole grain

5 EX X3 5 EX X
4 4
— - —_
R T S — — |-eeeee B PO r— e
£ | I £
E £
—d -
g2 =k
1 1
0 0
V2 V3 V2 V3
C Goal setters unsalted nuts D Non-goal setters unsalted nuts
5 EX X3 5
4
ga -------------------- e R e R g
E b E
E E
— - |
02 O
— —
1 1
0 0





media/file9.jpg
MRHE JiN

5 Nensssan e g

A Cmenmchgen
J
T

e





media/file0.png





media/file8.png
a Fruits b  Vegetables
Excessive - *ook ke NS
Optimal - O O
AboveAverage - ° o
Average - ® o ] °
Low A O o O o
¢ Wholegrains d Unsalted nuts
Excessive - *% *kk
Optimal - O .
AboveAverage - -
Average - e O o
Low - O ® O
e Fish f Dairy
Excessive- *hk NS
Optimal - O o
AboveAverage - o o @
Average - @ o O O
Low - O @]
g Spreads and Oils h Unhealthy choices
Excessive- NS NS
Optimal - O
AboveAverage - O 0
Average - 9 O o 0
Low - o @) Qo o
V2 V3 V2 V3

Percentage
@® 5%
@ s50%
®





media/file6.png
A

Control group

Fruit - V2
—

V3
Vegetables - V2
V3

Whole Grain - V2=
V3~

Pulses - V2=
V3

Unsalted nuts - V2 +
V3=

Dairy - V2=

V3~

Fish - V2=
V3+

Spreads and Oils - V2 =
V3

Red meat - V2
V3=

Cold cuts (meat) - V2
V3

SSB - V2

V3=

Alcohol - V2+
V3
Added salt - V2=

V3+
Unhealthy food - V2 < Emmmmmmmmm——g
V3=

T
0 20 40 60 80 100

Percentage of participants per cut-off value (low, average, above average, optimal, excessive)

C

Fruit - V2=

V3

Vegetables - V2 +
V3

PNA-group

Whole Grain - V2
V3

Pulses - V2

Vi
Unsalted nuts - V2 =

Spreads and Oils - V2 -

V3=
Red meat - V2~

V3~
Cold cuts (meat) - V2~
V3=

SSB -V2+

Vi
Alcohol - V24
V3=

Added salt - V2 -
Vi

Unhealthy food - V2~
Vi

o
rn
o
B~
o
@
o
w0
o
-
o
o

Percentage of participants per cut-off value (low, average, above average, optimal, excessive)

B

GNA-group

Fruit - V2
V3+

Vegetables - V2
V3~

Whole Grain - V24
V34

Pulses - V2=
V3~

Unsalted nuts - V2 4
V3

Dairy - V2
V3

Fish - V2+
V3H

Spreads and Oils - V2 -
V3~

Red meat - /2 ~

3

Cold cuts (meat) - V2
V3

SSB -V2+

V3
Alcohol - V2 -

V3
Added salt - V2~
-

Unhealthy food - V2 =
V3

Percentage of participants per cut-off value (low, average, above average, optimal, excessive)

OB ONRED

1
0 20 40 60 80 100

Misreports
Excessive
Optimal

Above Average
Average

Low





