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	  Abstract

												
												Background: A Mediterranean diet pattern is cardioprotective and positively correlated with lower chronic disease risk. Certain vulnerable populations would benefit greatly from a Mediterranean diet to reduce cardiovascular disease risk, and clinical diet intervention research typically uses diet recall questionnaires. This type of dietary tracking leads to assumptions and not an actual ability to accurately track Mediterranean diet adherence in the short-term.
												

												
												Objective: Thus, the purpose of this study is to test the validity of a new Mediterranean diet scoring system (MDSS) which scores diets on a weekly basis based on serving numbers within food groups.
												

												
												Results: We evaluated the validity of this new MDSS to another well-established system. We analyzed 354 weeks of diet using both the new and old MDSSs, performing analysis on the specificity and sensitivity of the new MDSS to the established MDSS.
												

												
												Conclusion: We found that an a priori defined adherence value of 70% using the new MDSS was both specific and sensitive to the established MDSS, comparable to other studies. In sum, this new MDSS is effective at measuring adherence to a Mediterranean diet weekly and warrants use in future studies, especially intervention-based research.
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Introduction


Evidence suggests that diet plays a pivotal role to maintaining health, so much so that a healthy diet has been linked to outcomes involved in reducing disease risk. The Mediterranean diet has been shown to have cardioprotective benefits, and research has shown that a stronger adherence is inversely correlated with early mortality rates [1]. The Mediterranean diet is one of the best diets for maintaining cardiovascular health, and because of this, there have been an increase in the number of clinical trials utilizing the Mediterranean diet to measure health outcomes. In fact, it is thought that this diet can improve cardiovascular health like the benefits seen with the DASH diet [2].



Many studies correlate diet adherence to their main outcome, thus creating a need for an effective way of determining an individual's adherence level. Research has focused on analyzing diets through a score or a single index which results from a combination of certain included food groups. While there is no established standard for tracking Mediterranean diet adherence, many research groups have created and validated their own ways of tracking a participant's diet adherence [3]. Most of this research consists of longitudinal or cross-sectional studies and aims to understand generalized diet adherence through extensive food frequency questionnaires. Many of the scores use components selected using a priori knowledge. What is lacking, however, is a Mediterranean diet scoring system (MDSS) designed to acutely measure an individual's Mediterranean diet adherence over short-term. A scoring system of this sort would greatly improve the ability to track diet adherence during a clinical trial, diet intervention, or any short-term study that requires accurate measurement of diet adherence. Furthermore, a point based MDSS would also enable certain individuals or populations the ability to monitor and track diets, as needed.



Certain populations are at higher risk for cardiovascular disease. Firefighting is one of the most hazardous and dangerous jobs with an inherent increased risk of death, but the leading cause of death in this population is cardiac related [4]. Blood pressure levels are high, obesity rates are high, and fasting glucose and insulin levels are higher in firefighters compared to civilians [5]. Diets that are known to improve health, reduce inflammation, and reduce cardiac risk are important to firefighters [6]. Diet adherence is a factor that remains a limitation in many clinical studies, but a MDSS designed to accurately track adherence can better elucidate the relationship between diet and health or disease. Firefighters know that diet is important, but they don't know how to modify their diet. Many don't adhere to new dietary patterns but survey research has found that firefighters prefer the Mediterranean diet [7]. Therefore, the purpose of this study was to test the validity and sensitivity of a novel MDSS through comparison with a well-established and previously validated MDSS developed by Panagiotakos, et al. [8].


Methods

Study sample


Most of the population recruited for this study were firefighters from the Philadelphia area. The study included 59 clinically healthy adults who were not receiving treatment for cardiovascular disease, were non-smokers, and were not diabetic. All participants completed a health history questionnaire to provide information on demographic and socioeconomic variables, family history, lifestyle, and comorbidity history. Signed informed consent was collected. The protocol was approved by Institutional Review Board, and all procedures were in accordance with the ethical standards of the Helsinki Declaration. After consent, the participants were taught how to follow a modified Mediterranean diet during a training session. This session specified which foods to eat and outlined the number of serving sizes that should be consumed for each food group. All participants were provided with a study diet manual which included detailed instructions on serving sizes and portion control, sample tracking sheets, sample recipes, and information on types of foods that would fall into each food group. In addition, they were provided with colorful diet serving-size cups and a package of serving size portion-control bags. Study participants were given access to a study website where they were able to self-report serving counts for each food group during the duration of the study. The website also provided easy access to educational links, other handouts and information on the diet. All of these tools allowed for flexibility and individualization to each diet according to the person's dietary preferences and enabled them to keep their diet as close as possible to the scoring parameters. All participants completed 6 weeks of dietary tracking and self-reported weekly diets to the study personnel via the study website or by email, and all diets were analyzed using both scoring systems.


Panagiotakos MDSS


The MDSS designed by Panagiotakos, et al. outlined a scoring system containing 11 food categories, for a total of 55 points [8]. The food categories consist of non-refined cereals, potatoes, fruits, vegetables, legumes, fish, red meat and meat products, poultry, full-fat dairy products, use of olive oil in cooking, and alcoholic beverages. Each food category ranges in point value from 0-5 points. For the Panagiotakos MDSS, points are awarded via threshold values, with increasing points awarded for either frequent consumption of foods aligned with the Mediterranean diet pattern or decreased consumption of foods that stray from the diet pattern. Adherence to the diet is defined post priori as the upper tertile of scores of a given data set are deemed most adherent to the Mediterranean diet.



The MDSS developed by Panagiotakos, et al. awards points based on the number of servings consumed over a one-month period for the food groups that follow the Mediterranean diet pattern [8]. For these groups (non-refined cereals, potatoes, fruits, vegetables, legumes, and fish) 0 points are awarded for no servings and this is scaled up to 5 points for more than 18 servings within the past month. On the other hand, food categories that deviate from a Mediterranean diet pattern (red meat and meat products, poultry, and full-fat dairy) are given the same point values in the opposite direction, where 5 points are awarded for never consuming these foods, and 0 points are scored for more than 18 servings per month.



Since the use of olive oil in cooking is encouraged in a Mediterranean pattern of eating, this MDSS also included points based on the number of times olive oil is used in cooking per week. If no olive oil is consumed, then 0 points are scored, and is scaled up to 5 points if olive oil is used "daily" in cooking. Finally, the score for alcoholic beverage consumption was measured by daily volume intake of alcoholic beverages. Since too much consumption of alcoholic beverages deviates from the Mediterranean diet pattern, a score of 5 was given for less than 300 ml of alcoholic beverage per day and this was scaled down to 0 points if the individual consumed more than 700 ml per day [8].


Feairheller MDSS


The new MDSS designed by our research group contains 12 food categories, for a total of 17 points (Table 1). The food categories consist of Vegetables, Fruits, Low-fat or Non-fat Dairy, Regular Dairy, Fish, Poultry, Red Meat, Beans, Nuts and Healthy Oils, Other Fats, Sweets/Processed Foods, and Whole Grains/Potatoes. Table 2 describes the recommended intake of each food group, followed by the maximal possible points per food group. Food groups are weighted to award higher point values for adhering to certain food group recommendations over others. The weighted food groups are a key feature of this new MDSS, as this new system strives to accurately assess not only an individual's dietary pattern, but how adherent they are to the most important elements of the Mediterranean diet. This new MDSS uses an a priori defined adherence value of 70% or more of the total score (≥ 11.9 out of 17 points).



 

	
	
	Table 1: Feairheller Mediterranean Diet Serving Score. View Table 1
	




   
 

	
	
	Table 2: Population demographics and clinical characteristics. View Table 2
	




     

The new MDSS assigns point value for the Vegetables, Fruit, Fish, and Whole Grains & Potatoes categories on a sliding scale based on percentage. The number of servings consumed compared to the recommended number will be translated to a point value based on percentage and maximal possible points. For example, and individual who consumes 19 servings of vegetables would score 2.03 points out of a possible 3 (19/28 = 0.67 × 3 = 2.03 pts earned). For all the other food group categories, scoring points are awarded on a met or not met criteria based on the maximal point value. If the individual consumes the recommended number of servings, they are scored maximal points for that category, otherwise a score of 0 is given.



Arguably, the most important aspect of this scoring system is the weighted point values for food categories. Studies have shown that increased fruit and vegetable intake may reduce cardiovascular risk when consumed in a normal diet [9]. Additionally, an increased fish intake can reduce cardiovascular disease risk in a population of high-risk individuals [10]. Beans and healthy oils, specifically olive oil, show cardioprotective benefits and therefore are included in the Mediterranean diet [11,12]. For these reasons, we have assigned these four food categories a higher weight. Furthermore, a meta-analysis confirms that whole-grain consumption can reduce the risk of many chronic diseases and early mortality which led us to create percentage-based scoring for that group [13]. Since we believe higher consumption of these foods aligns more appropriately with a Mediterranean diet pattern, an enhanced method of tracking adherence to these food groups was necessary.


Statistical analysis


Statistical analysis was performed using SPSS version 24.0 (SPSS Inc., Chicago, IL, USA). Data were analyzed using descriptive statistical methods. Results are reported as means and standard deviation for quantitative variables and as frequencies for qualitative variables. Pearson correlation coefficient was used as the measure of association. To validate the efficacy of the new MDSS we compared our new scoring system to the previously established system by Panagiotakos, et al. (2006) and evaluated our new MDSS by conducting specificity and sensitivity analysis previously described by Sofi, et al. with their validation of the MEDI-LITE scoring system [8,14]. We obtained 354 weeks of individual diets and scored them for adherence using the Panagiotakos MDSS and our new MDSS. We used our a priori defined adherence value of 70% of the total score. The sensitivity of our MDSS was defined as the ratio of true positives to true positives + false negatives [14]. Specificity was defined as the ratio of true negatives to true negatives + false positives. A true positive was defined as score that met adherence values for both scoring methods, followed by a true negative in which a score did not meet adherence values for either scoring method. A false negative was defined as a score that met adherence only for Panagiotakos MDSS, while a false positive was a score that met adherence only for the new MDSS. Additionally, the receiver operating characteristics (ROC) was calculated as, the sensitivity * (1 - sensitivity).


Results


Table 2 shows the demographic characteristics of the study population. The participants were mostly from the suburban Philadelphia PA area (55/59, 93%). The population was educated with 19 reporting graduate degree, 20 reporting undergraduate degree, 13 reporting associates degree, and 7 reported high school education. Overall, the Feairheller MDSS was correlated with the Panagiotakos MDSS (Figure 1).




	
		
		Figure 1: Correlation between weekly Feairheller Mediterranean Diet Score System (MDSS) score and Panagiotakos MDSS score. 

		R = 0.6996; p < 0.000. 
		View Figure 1
		
	




 

When comparing 354 weeks of individual diets, we found that our new MDSS is both sensitive and specific to the previous MDSS designed by Panagiotakos, et al., [8]. When comparing diet scores, we found the number of true positives to be 114, true negatives to be 175, False negatives to be 20, and false positives to be 45. Our sensitivity analysis reveals the new MDSS to be 85.1% sensitive to the old scoring system. Our specificity analysis reveals the new MDSS to be 79.5% specific to the old scoring system. The ROC was 0.174.


Discussion


We validated a new MDSS by comparing to a previously established and validated MDSS developed by Panagiotakos, et al. The a priori defined adherence (≥ 70% of total points) is both sensitive, specific, and correlative to previous MDSS. We determined that for our MDSS, post-priori adherence scores based on upper tertial of the population was both less sensitive and specific. Additionally, a priori defined adherence scores give individuals a reasonable goal to achieve and can be especially helpful for intervention-based studies relying on diet adherence. Our new MDSS is literature-based, uses 12 weighted food categories, and scores a total of 17 possible points. The new MDSS created by our group is designed to be used in intervention-based research to acutely measure adherence to a Mediterranean diet on a weekly basis.



Previous MDSS have also used sensitivity, specificity, and ROC values to validate a diet scoring system [14]. Our sensitivity and specificity analyses display results similar to that of the previously described MDSS indexes. Recently, Mila-Vallarroel, et al. reported a correlation coefficient threshold of 0.70 to indicated high correlation between different Mediterranean diet indices [15]. Our scoring system met this threshold with a correlation coefficient of 0.6996 in relation to the MDSS created by Panagiotakos, who pioneered the idea of a scoring system to assess individual's adherence to a Mediterranean diet pattern.



Our new MDSS contains novel advancements which would warrant it's use in future studies. One aspect of this MDSS is the inclusion of weighted food category scores. Unlike many others, this scoring system gives higher weight, in the form of point values, to food categories that align strongest with the ideals of a Mediterranean diet pattern. Food categories like fruits, vegetables, fish and healthy oils contain the highest point values because adherence to these aspects of the diet is a better representation of a Mediterranean dietary pattern. With our new scoring system, partial ‘credit' is earned based on number of servings consumed in food groups. This type of scoring could improve motivation and may increase adherence. It has been reported that olive oil, fruits and vegetables are the food groups most correlated among various Mediterranean diet indexes designed to assess adherence, and these components have stronger emphasis with our MDSS [16].



Another novel aspect of this scoring system is its ability to acutely measure Mediterranean diet adherence. Other previously established scoring systems are practical for epidemiological, longitudinal, and cross-sectional studies as most use food frequency questionnaires to gather an estimation of an individual's diet across time [16]. With growing evidence supporting the benefits of a Mediterranean diet, there is a growing need for a way to track adherence to the Mediterranean diet on a short-term basis. Weekly scoring gives immediate feedback and diet intervention-based studies would benefit from using this scoring system as it is designed to assist with tracking an individual's diet adherence over short term.



In sum, the results of this study report that our new weekly MDSS is well correlated with established MDSS used by Panagiotakos, et al. which scores diets based on frequency of consumption over a month-long period [8]. This new scoring method allows immediate and weekly feedback on dietary adherence which is based on a traditional Mediterranean reference pattern of food grouping. Further studies are needed using this scoring system.
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