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Abstract

:

The Mediterranean diet is associated with multiple health benefits. Yet, no tool has been specifically developed to assess adherence to the ‘traditional’ Mediterranean diet and cuisine within a Western cohort, and validated for online use. We tested the reliability and validity of online administration of the Mediterranean Diet and Culinary Index (MediCul) among middle-aged and older adults. Participants were recruited in January–March 2017 from the 45 and Up Study, completing MediCul twice. Test-retest reliability was assessed using the paired t-test, intra-class correlation coefficient (ICC) and Bland-Altman plot. Validity was tested against a three-day food record (FR)-derived MediCul score using Bland-Altman and nutrient trends across the MediCul score tertiles. Participants (n = 84; 60% female; 65.4 years (SD = 5.9)), were overweight (BMI 26.1; SD = 4.0) with 1.7 (SD = 1.5) chronic illnesses/conditions. Sequential MediCul tool scores were 56.1/100.0 and 56.8/100.0, respectively (t = −1.019; p = 0.311). Reliability via ICC (ICC = 0.86, 95% CI: 0.789, 0.910, p < 0.0001) and Bland-Altman was good. In Bland-Altman validity analyses, the tool over-reported FR MediCul score by 5.6 points with no systematic bias ((y = 8.7 − 0.06*x) (95% CI: −0.278, 0.158, p = 0.584)). Nutrient trends were identified for MediCul consistent with expected Mediterranean patterns. Online MediCul administration demonstrated good reliability and moderate validity for assessing adherence to a ‘traditional’ Mediterranean pattern among older Australians.
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1. Introduction


The Mediterranean diet is a focus of research interest worldwide, as it has been associated with multiple health benefits. These include a reduced risk of premature death, cardiovascular disease (CVD), metabolic syndrome, cancer, liver disease, type 2 diabetes, depression, cognitive decline with ageing, mild cognitive impairment (MCI) and dementia, in particular Alzheimer’s disease [1,2,3,4,5,6,7,8,9,10,11].



However, there has been inconsistency in the literature with regards to the definition used for the Mediterranean diet [12,13]. Also, variable or inadequately reported Mediterranean interventions have been used in clinical trials, which may not represent the ‘traditional’ diet [7]. The ‘traditional’ Mediterranean diet has been described as the dietary pattern existing in Greece and Southern Italy during the late 1950s and early 1960s [13]. Briefly, it pertains to a more frugal, plant-based pattern with higher intakes of unrefined foods, such as grains, vegetables, fruits, legumes and extra virgin olive oil, and lower levels of exposure to meats, dairy and modern discretionary foods.



While the benefits ascribed to a Mediterranean diet parallel those of other plant-based diets, such as vegetarian diets and the Dietary Approaches to Stop Hypertension (DASH) diet [14,15], the ‘traditional’ Mediterranean diet also includes some unique cuisine aspects. For example, low advanced glycation end products (AGEs) cooking methods [16], such as boiling and stewing, and the use of acidic ingredients in cooking, such as lemon or vinegar; particular food combinations, e.g., onions sautéed in olive oil with tomato as the basis for many cooked dishes; regular inclusion of fermented foods, e.g., olives, feta cheese; limited snacking between meals; and water as the main beverage. Such elements may contribute to increased antioxidant bioavailability, reduced chronic systemic inflammation and positively influence the microbiome, but they have been rarely captured in existing tools [13]. Hence, previous Mediterranean diet index tools may not have been sufficiently nuanced to assess adherence to the ‘traditional’ Mediterranean diet and cuisine [17,18,19]. This may partly explain differences in reported health outcomes, associated with a Mediterranean diet score across various studies [12,20,21]. Some findings in the literature ascribed to the ‘traditional’ Mediterranean diet may simply represent increased adherence to healthier plant-based dietary patterns, which have also been associated with benefits, such as reduced risk of type 2 diabetes and mortality, outside the context of a particular diet [20,21].



Additional limitations of existing Mediterranean diet index tools, especially when used within a Western population, include the type and number of elements assessed, source of cut-off points used, score derivation methodology and lack of validation against a dietary reference method, which is not limited by the same recall biases [22]. For example, the number of components assessed in reported indexes has ranged from only six [23] to 28 in the MEDiterranean LIFEstyle index (MEDLIFE), which evaluates the Mediterranean diet and lifestyle more broadly [24]. Studies in Western countries have used sex-specific median values from their respective populations as cut-off points for the elements detailed in the first Mediterranean Diet Score (MDS) [11,25], originally developed for use in a Greek population. This is problematic, since the median intakes for certain foods, such as meat and dairy, are high in some Western cohorts [12]. Most Mediterranean diet adherence scores, including multiple variants of the MDS, the MedDietScore [26] and Mediterranean Style Dietary Pattern Score (MSDPS) [27], require derivation from a food frequency questionnaire (FFQ) rather than being calculated directly from responses to an administered index tool. Notable exceptions are MEDLIFE [24], the Mediterranean Diet Adherence Screener (MEDAS) [28] from the PREvencion conDIeta MEDiterranea (PREDIMED) study in Spain and the Mediterranean Eating Pattern for Americans (MEPA) screener adapted from MEDAS [29].



Only some Mediterranean diet index tools attempt to adjust for Western dietary habits or non-typical Mediterranean foods, such as discretionary foods [24,28,29,30,31], which were not part of the ‘traditional’ diet and may provide different health effects. Finally, in the era of e-Health, which opens the potential for wider tool administration including regional and remote areas, to the best of our knowledge, no Mediterranean diet index tool based on the ‘traditional’ diet and cuisine has been validated for online administration. Such a tool could assist with broad population-based and longitudinal studies.



We recently developed the Mediterranean Diet and Culinary Index (MediCul) tool, to overcome these common limitations. We have tested the performance of MediCul when administered in-person, to a cohort of older Australians with MCI [22]. As MediCul has the potential for wider use, the purpose of the present study was to test its reliability and validity when administered online to middle-aged and older people in the general population, living in the same Western country.




2. Materials and Methods


2.1. Participants


We aimed to recruit a cross-sectional sample of 100 [32,33] community-dwelling participants living in Sydney from January to March 2017, from the Sax Institute’s 45 and Up Study [34], as part of a validation study for various tools to be used in the Maintain Your Brain (MYB) trial administered within an online platform [35]. The 45 and Up Study is a large prospective cohort in New South Wales (NSW), Australia (n = 267,153) of participants recruited from the Department of Human Services (formerly Medicare) enrolment database representing diverse socio-demographic, geographic and cultural backgrounds, investigating healthy ageing [34]. Participants initially joined the study by completing the baseline questionnaire (between January 2006 and December 2009) and giving their consent for follow-up and linkage of their information to routine health databases.



Inclusion criteria for the MYB validity study were: (1) Previously enrolled in the 45 and Up Study and agreeable to further contact with email on record, (2) aged 55–75 years in 2016, (3) absence of dementia, Parkinson’s disease and multiple sclerosis, (4) home internet/computer access, (5) access to iPad or iPhone (for activity and diet logging), and (6) residing in postcode within 30 km radius of Lidcombe, NSW (site of clinic visit in Sydney).



Exclusion criteria were: (1) Unable to use a computer, (2) life threatening condition, (3) inability to write/converse in English, (4) serious psychiatric condition, on antipsychotics or suicidal ideation, and (5) unstable medical condition.



A potentially eligible subset of the 45 and Up Study cohort (n = 27,848) was identified by the Sax Institute, which administers the 45 and Up Study [34], based on above inclusion criteria except for home internet/computer access and access to iPad/iPhone, details which were unavailable to the Sax Institute. Based on an estimated recruitment rate of 30%, 300 invitations were initially sent by the Sax Institute to a random sample of participants. A further 303 invitations were sent later to achieve the target sample.



Participation in the MYB validity study was voluntary and electronic informed consent was obtained before starting any data collection. This was followed by full online screening for study eligibility, using both the inclusion and exclusion criteria. Ethics approval for MYB was obtained from the University of New South Wales Human Research Ethics Committee (#16252) and NSW Population and Health Services Ethics Committee (#2016/03/636). Ethical conduct for the 45 and Up Study was approved by the University of New South Wales Human Research Ethics Committee (HREC).




2.2. Assessments


The MYB validity study included four assessment time points relevant to the validation of the MediCul tool. MediCul was administered twice online utilizing SurveyMonkey® (www.surveymonkey.com), at least one week apart (survey A and survey B), with an invitation for a clinic visit in between. The clinic visit was used to measure: (a) Weight in light clothing, without shoes, using calibrated digital scales (AND HW-100K and Avery Berkel HL122), (b) height using a wall-mounted Harpenden stadiometer (Holtain Limited, Crymmych, Pembrokeshire, UK), (c) waist circumference taken at the umbilicus with a flexible tape measure (Grafco®, Graham-Field, Model # 17-1340-2), and (d) resting heart rate, taken manually, after a five-minute seated resting period. All anthropometric measurements were made in triplicate with the mean being used. Body mass index (BMI) was calculated by dividing weight (kg) by height2 (m). Data relating to demographics, self-reported medical conditions, number of medications taken and supplement use were also collected as part of a suite of surveys during the first MediCul (survey A) administration. Composite medications were counted according to the number of active ingredients they contained. Prevalence of nutrition supplement use was based on any reported vitamin/mineral/botanical supplements, excluding probiotics. Vitamin B12 injections were counted as medication. At the end of the clinic visit, or via email if a clinic visit was not possible, participants were asked to keep a three-day food record (FR) as soon as they had completed MediCul survey B, selecting one weekend and two weekdays, which needed to be within a seven-day period, but did not need to be consecutive. Participants were instructed to use the ‘Research Food Diary’ app [36] as this may reduce participant and researcher burden. This app has previously been reported to have a high level of acceptance by adults compared to a 24-hour dietary recall [37] and mobile nutrition apps, in general, have been shown in healthy populations to be comparable to traditional dietary assessment methods [38]. The Research Food Diary app is based on Australian food composition data, and entries can be directly imported into FoodWorks 8 Professional Edition software: 8.0.3553 (Xyris Software Pty Ltd., Brisbane, Australia). We provided detailed downloadable instructions for the Research Food Diary app, including color screen shots. Some participants however, declined to use the app so a hard copy FR template was provided. The FR instructions provided to all participants advised them to log typical days (not to change dietary intake), record any recipes, enter foods as consumed throughout the day, and estimate serve sizes using household measures (spoons, cups) or weights (grams (g)), if preferred, using kitchen scales. Participants were advised to expect a call from a dietitian shortly after submitting their FR. A phone call was made to each participant within 24–48 hours of receiving their FR to query unusual quantities and confirm entries were complete using a checklist for potentially forgotten foods, based on principles from the ASA24 Automated Self-Administered 24-hour Dietary Assessment Tool [39,40].



Where MediCul survey A or survey B was not completed within one week of administration, an email reminder was sent with a direct link to prompt participants to complete their surveys. If either survey still remained incomplete 1–2 weeks later, a second email reminder was sent. If FRs were not submitted within one week, participants also received a reminder email. If FRs were not submitted within two weeks, telephone reminders were made.




2.3. The MediCul Tool


MediCul is a 50-item short dietary survey developed empirically to assess adherence to a ‘traditional’ Mediterranean dietary pattern and aspects of cuisine [13] within a Western population. It applies reverse scoring for high exposures to foods that were not part of the ‘traditional’ pattern, such as modern discretionary foods, which now account for approximately 35% of the total energy intake of Australians [41]. A score for the popular MEDAS screener can also be derived from MediCul (Supplementary Table S1).



MediCul is scored between 0 and 100, with a higher score representing greater adherence, and takes approximately 20 minutes to complete. Details about MediCul development, elements, cut-off points, scoring and rationale have previously been reported as Supplementary Materials in the British Journal of Nutrition and this tool is freely available for download and use in research and education [22].



For the present validity study, MediCul was modified for online administration using SurveyMonkey with drop-down response options, logic and data limits applied to facilitate correct dietary reporting without a dietitian being present. These backend adjustments were tested for accurate performance by five researchers.




2.4. Dietary Analysis


We used Excel (MS Office Professional Plus 2013) to derive scores for both the MediCul and MEDAS tools [22]. The FRs were coded and entered into FoodWorks 8 and we selected AusBrands 2015 and AusFoods 2015 data sources which map to the AUSNUT 2011–2013 Food Standards Australia New Zealand (FSANZ) nutrient database for analysis by S.R.-V. As the food groups within FoodWorks draw on the concept of the USDA Food Patterns Equivalents Database (FPED), which counts hot chips/fries/crisps and legumes in the vegetable group, we manually adjusted serves for the FoodWorks vegetable group to exclude these discretionary and legume foods. We also manually added some legume serves to the legume protein foods group, which were not counted by FoodWorks. We did not analyze the nutrient contribution from supplements as our focus was on validating a dietary pattern.




2.5. Statistical Analysis


Statistical analyses were conducted using the Statistical Package for Social Sciences (SPSS) for Windows version 24 (SPSS, Inc., Chicago, IL, USA). Histograms, skewness, kurtosis and minimum and maximum values were used to examine distributions for normality and identify potential data entry errors for index scores, nutrients and foods groups. Means and standard deviations (SD) were calculated and reported for normally distributed nutrients whereas medians and the interquartile range was reported for non-normally distributed nutrients.



The derived MEDAS score from survey A (n = 84) was compared to the baseline MEDAS score reported for participants in PREDIMED, being the largest randomized controlled trial (RCT) of a Mediterranean diet [42]. Further, we estimated the percent of our cohort that reached previously defined Mediterranean thresholds [22] for selected foods/’traditional’ aspects of cuisine, determined by their FRs.



Test-retest reliability for MediCul was assessed using the paired t-test and intra-class correlation coefficient (ICC), which was classified as poor (<0.40), fair to good (≥0.4 and <0.75), and very good (≥0.75) [43]. A Bland-Altman plot was also used to determine the level of agreement between survey A and survey B time points, since a high correlation does not necessarily mean good agreement [44]. Kappa was utilized to check percent agreement within the same category [32] for 17 major food groups within MediCul and values were interpreted using cut-offs proposed by Landis and Koch [45]. We used Spearman’s correlation coefficient to assess whether the lag time between survey A and survey B was correlated with the difference in MediCul scores at the two time points. We also investigated whether selected categorical (i.e., sex, supplement use, primary grocery shopper, primary cook) or continuous (i.e., age, BMI) variables might be driving the improved performance for survey B, using Chi-square, linear regression and paired t-tests, as appropriate.



Concurrent validity for MediCul was determined by examining the Bland-Altman plot of the difference in MediCul scores between the survey tool and the FR versus the mean of the scores from the two assessment methods, with limits of agreement (LOA) being ±2 standard deviations (SD) from the mean difference. Bias was assessed using linear regression analysis. A paired t-test was conducted for scores from the survey at time points A, B, and the mean of AB versus the FR, to check the mean differences and confidence intervals (CI) across these comparisons.



We also indirectly validated MediCul by examining whether expected (Mediterranean) nutrient trends from the FR were associated with tertiles of the MediCul score. For positively or negatively skewed nutrients, we conducted a log 10 transformation, then re-checked their distribution for normality to determine whether parametric or non-parametric statistical tests should be applied. Normally distributed and normalized nutrients were compared across tertiles of the MediCul score derived from both survey A and the FR, using one-way ANOVA, while non-normally distributed nutrients were analyzed using the Kruskal-Wallis test. Variances were checked for equality using the Levene’s test; the Bonferroni post hoc test was applied for equal variances and the Games-Howell for unequal variances. First (linear)- and second (quadratic)-order polynomial contrasts were applied to test for nutrient trends across tertiles, as well as the line of best fit for normally distributed/normalized nutrients. The Jonckheere trend test was used for non-normally distributed nutrients.



As the FR did not include details for three MediCul questions (i.e., growing of own vegetables, weekly main meals eaten alone and fasting frequency), the validation of MediCul was based on scoring out of 97 whereas reliability analysis was based on scoring out of 100.





3. Results


We received 175 responses to the 603 invitations sent by the Sax Institute to potentially eligible participants from the 45 and Up Study. Of these, 93 participants were eligible after full screening (Figure 1). A total of 84/93 (90%) completed the first administration of MediCul (survey A) and 65 participants elected to make a clinic visit for physical measurements. Seventy-six participants completed MediCul on two occasions. The final number included for reliability testing was 74, since two participants started their FR prior to completing MediCul survey B and were excluded. Validity testing was conducted with 71 participants who completed both survey A and the FR, with 69% of these using the app and submitting an electronic FR. Data collection for all participants was completed by mid-May 2017.



The majority of the recruited participants were female, and reported taking at least one nutritional supplement, with about one-half being the primary grocery shopper and primary cook at home (Table 1). Participants ranged in age from 56 to 76 years, were overweight on average (BMI = 26.1; SD = 4.0), with approximately one-half having a waist circumference associated with high chronic disease risk [46] (Table 1). They had 1.7 (SD = 1.5) chronic illnesses/conditions, on average, with the most prevalent being osteoarthritis, followed by hypercholesterolemia and hypertension. The median number of medications taken was 1.5 (IQR: 0.0, 3.0).



The mean MediCul score from survey A (n = 84) was 55.2/100.0 (SD = 11.6; range: 27.5, 75.5). The derived mean MEDAS score for the same time point was 6.5/14.0 (SD = 1.7; range: 2.0, 10.0), which was approximately two points lower than the baseline MEDAS score of 8.6 (SD = 2) [42] reported in the Spanish PREDIMED population, prior to intervention with a Mediterranean diet supplemented with extra virgin olive oil or nuts or a reduced fat control diet. However, it was one point higher than reported recently for a Western UK cohort [47]. Only 3/84 (4%) of our participants achieved a MEDAS score of ≥10, which has been classified as high adherence to a Mediterranean diet and associated with better health outcomes in PREDIMED (2, 48–50). All of these participants were in the highest tertile of the MediCul score from survey A (cut-off = 59.0 for tertile 3) when compared to nutrients from the FR. Few participants reached defined Mediterranean thresholds for selected foods/’traditional’ aspects of cuisine [22], especially for olive oil (0%), legumes (6%), sofrito, a sauce made with tomato, onion/garlic and olive oil, used as the base for many dishes (10%), vegetables (11%) and fruit (18%) (Figure 2). However, the majority reported cooking most of their main meals at home (73%), limiting snacking occasions (79%), limiting sugary drinks (83%) and consuming raw vegetables/salads most days of the week (86%). Almost half included an adequate intake of nuts (44%) and fish/shellfish (48%).



3.1. Reliability


There was a considerable lag time between MediCul survey A and survey B for some participants, so the time between surveys was non-normally distributed (median = 16 days; IQR: 13, 20). As we did not have an a priori criterion for the length of time between surveys, we did not exclude any participants for reliability testing based on the time between surveys.



MediCul B score was similar to MediCul A 56.8/100 and 56.1/100.0, respectively (t = −1.019; p = 0.311). The MediCul tool was highly reliable as assessed by ICC and 95% CI, (ICC = 0.86, 95% CI: 0.789, 0.910, p < 0.0001). Using the Bland-Altman test for repeated measures, the mean difference between the scores at the two time points was −0.69 with lower and upper LOA being −12.09 and 10.71, respectively. Seventy of the 74 participants (95%) fell within the LOA representing ±2 SD, with a reasonably even distribution of the mean difference in scores. There was no indication of bias according to the regression coefficient ((y= −2.95 + 0.04*x) (95% CI: −0.088, 0.168; p = 0.535)), further supporting the null hypothesis that the scores were equally variable at the two time points. The slightly higher mean score from survey B was unrelated to age, BMI, sex, supplement use, being the primary grocery shopper or primary cook. The lag time between repeated tool administration was unrelated to the difference between MediCul scores (Spearman’s p = −0.102; p = 0.385), suggesting that MediCul is a stable index for usual intakes across the time spans in this study.



Percent agreement within the same category of the 17 main MediCul food groups for survey A and survey B, determined by Kappa, was ‘almost perfect’ for coffee; ‘substantial’ for fruit, wholegrains, fish/shellfish, eggs, dairy products, takeaway and water; ‘moderate’ for olive oil, nuts, legumes, white meat preference, red/processed meat, sweets and sugary drinks and alcohol; and ‘fair’ for vegetables and cuisine (Supplementary Table S2). No groups were found to have poor agreement within the same category between the two time points of MediCul tool administration.




3.2. Validity


Analysis of the paired t-tests for MediCul scores from the survey administered at time points A, B and mean of AB versus the FR (n = 68) indicated a similar mean difference and 95% CI across the three comparisons, which were all statistically significant (p < 0.0001) (Table 2). We thus decided to proceed with survey A for the remaining validity testing, because this time point included most data points (n = 71) and represented first time MediCul use, which could be applied in future research.



The Bland-Altman plot showed a mean difference of 5.6 between the MediCul score derived from survey A (54.6/97.0, SD = 11.2, range: 26.5, 73.5) and the FR (49.0/97.0, SD = 11.7, range: 25.0, 80.0), and the mean difference was lower among participants who provided a paper version of their FR compared to the electronic version (supplied through the app), although both were similarly checked by the dietitian (Table 2). The scores for 69/71 participants (97%) fell within or on the 95% LOA with lower and upper LOA being −13.0 and 24.2, respectively, with reasonably even distribution across mean scores. There was no significant linear trend for the fitted regression line ((y = 8.7 − 0.06*x) (95% CI: −0.278, 0.158, p = 0.584)), indicating no systematic bias between the two measurement methods (Figure 3).



We hypothesized that a higher intake of certain nutrients (determined by FR analysis) would be associated with the higher tool (survey A) and FR-derived MediCul scores, categorized as tertiles. This was true for: Polyunsaturated fatty acids (PUFA) as % fat, n-3 long chain (LC) PUFA (mg), eicosapentaenoic acid (EPA) (mg), docosahexaenoic acid (DHA) (mg), and ratio of unsaturated to saturated fatty acids (SFA), supporting increased adherence to a Mediterranean dietary pattern (Table 3). Additionally, we hypothesized that a lower intake of some other nutrients would be associated with the higher MediCul score tertiles from both sources. This was true for SFA as % fat, alcohol (g) and the sodium to potassium ratio, being consistent with the plant based, minimally processed, nature of the ‘traditional’ Mediterranean diet, which is proportionally lower in SFA and includes only a moderate amount of alcohol. For the sodium to potassium ratio, a significant difference (p = 0.004) was observed between MediCul score tertiles 1 and 3, derived from the FR.



For some nutrients, the expected relationship was observed only with the MediCul score tertiles from the FR e.g., PUFA (g), alpha linolenic acid (ALA) (mg), ratio of monounsaturated fatty acids (MUFA) to SFA, dietary fiber (g), vitamin E (mg), potassium (mg), magnesium (mg) and selenium (μg). For magnesium, not only was there a positive linear trend across tertiles of the MediCul score from the FR, but a significant difference was observed between tertiles 1 and 3 (p = 0.015) and tertiles 2 and 3 (p = 0.016). PUFA % fat, EPA and DHA are nutrient examples for which significant differences were found between tertiles 1 and 3 of the MediCul score, derived from both the tool and FR (Table 3).



In all cases linear trends were significant and there were no significant deviations from normality except for retinol equivalents (μg), beta-carotene (μg) and iron (mg), where a quadratic trend was a better fit for these nutrients in relation to the MediCul score tertiles from survey A.



There was no relationship between tertiles for either of the MediCul scores and intake of energy (kJ), protein (g), total fat (g), SFA (g), MUFA (g), cholesterol (mg), carbohydrate (g), total sugars (g) and folate (μg).





4. Discussion


Our study indicates that online administration of MediCul has good reliability and moderate validity, as an assessment of adherence to a ‘traditional’ Mediterranean dietary pattern and aspects of cuisine among the middle-aged and older individuals studied who live in a Western country. These findings are consistent with those reported for in-person administration among older individuals with MCI [22].



The participants included in our study were Australians aged 55–75 years, living in suburban Sydney. Only 4% had high adherence to a Mediterranean diet based on their derived MEDAS scores. Higher MEDAS scores have been related to positive health outcomes in PREDIMED [2,48,49,50]. Similarly, a very small proportion reached thresholds for ‘traditional’ Mediterranean foods or exposures. For example, 11% reported adequate vegetable intake, 6% had adequate legumes, and 49% limited their exposure to red meat, in accordance with ‘traditional’ levels. These participants represented a fairly homogenous group in regards to their dietary intakes, with few people achieving a high MediCul score. Such a cohort may be at higher chronic disease risk. Education on the Mediterranean diet, which is already recommended by dietary guidelines, may be prudent. Targets for ‘traditional’ Mediterranean foods and cuisine aspects can be viewed in previously published Supplementary Materials that describe cut-off points used in the MediCul tool [22]. For example, four tablespoons of extra virgin olive oil per day; one serve (30 g) of nuts, five or more days per week; inclusion of dark green leafy vegetables (e.g., spinach, kale, silverbeet), four or more times per week.



Concurrent validity of MediCul has therefore been demonstrated within a cohort that is almost entirely Western in their eating habits. Further research is required to validate MediCul use among other population groups, including those with broader dietary habits (particularly at the high end), and in relation to biomarkers of dietary intake. The MYB trial, a three-year randomized controlled trial of a fully online multi-modal intervention targeting modifiable dementia risk factors in 6236 participants, will utilize MediCul at baseline and annual follow up. This will generate data on change in MediCul score over time and its association with chronic disease risk factors, which will provide external validity, since clinical end points were not available from this validation study [35]. Given the good reliability of the MediCul tool shown here, we anticipate that changes in the index score, in the context of the MYB trial and similar dietary interventions, would represent true dietary change, and could potentially serve as a marker of positive health outcomes related to the ‘traditional’ diet and cuisine.



Strengths and Limitations


The MediCul tool assesses the overall dietary pattern within a Western context, capturing the multi-dimensional nature of individual diets. With 50 items being assessed, it provides a comprehensive score for adherence to a ‘traditional’ Mediterranean dietary pattern and aspects of cuisine. Many of these elements are lacking from most other index tools. MediCul also enables derivation of a MEDAS score for comparison with studies that have used this short screener. Importantly, it is relatively simple to use and compute its scoring and MediCul can be administered online and in-person [22], increasing its potential utility, feasibility in large cohorts and cost-effectiveness.



Our study has some limitations. Data are currently lacking to support external validity for MediCul, which is of clinical relevance. Generalizability may also have been tempered by selection bias as our participants came from the 45 and Up Study, thus representing individuals who are better educated, more health aware and who may respond differently to dietary surveys compared to non-volunteers [32]. Our participants had less obesity and diabetes compared to the general Australian population for a similar age group [51,52]. MediCul was also administered within a suite of surveys, which may have caused fatigue, impacting on responses and scores. This was unavoidable as we wished to simulate the online testing experience of the subsequent MYB trial. Our testing, nevertheless, confirmed good reliability and moderate validity. It is also well known that food records may under-report intake or include atypical days [53] and there were some limitations specifically related to use of the Research Food Diary app. For example, certain recipes entered into the app by participants included some scanned foods that did not exist in the FoodWorks data source available to us, and needed to be re-entered by the dietitian, which was done by selecting nutritionally similar foods. If participants selected composite dishes within the app or reported a composite meal in a paper FR (e.g., stir fry chicken and vegetables), the dietitian checked all entries similarly during the phone call by probing for potentially missed foods and ingredients, such as oil. While the MediCul tool performed well overall, it performed better against a traditional (paper) FR, as compared to an electronic FR (using an app). However, it was not our intention to compare methods of keeping an FR, and we therefore did not exclude any participants who provided a paper FR as we did not have an a priori criterion to do so.



In some participants, the approximately 20 point difference in MediCul score between the new tool and the FR, could be clinically meaningful. However, it has been suggested that a certain degree of disagreement is to be expected when instruments assessing usual diet are validated against food records, due to within-person variations that typically occur over the shorter reference period of an FR [32]. Also, the lower and upper LOA (13% and 25%, respectively) were similar to findings for MediCul from our validity study among individuals with MCI [22] and well within the 50% and 200% LOA suggested by Ambrosini et al. [54] to classify agreement between an FFQ and food record as being acceptable. Furthermore, the new MediCul tool appears to be closer to the reference method, as compared to MEDAS. MEDAS under- and overestimated scores by 43% and 53%, respectively, when validated in a Spanish population against an FFQ [28], or by 16% and 36% when validated within a UK cohort against an FR [47].





5. Conclusions


MediCul is a highly reliable and moderately valid Mediterranean diet index tool for online administration among health aware, better educated, middle-aged and older individuals living in a Western country, which can be used to assess adherence to a ‘traditional’ dietary pattern and aspects of cuisine relevant to many important health outcomes.
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Figure 1. Flow chart of participants. Abbreviations: MediCul survey A, first administration of MediCul tool; MediCul survey B, second administration of MediCul tool; MS, multiple sclerosis; n, number of participants; Sax, the Sax Institute. 
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Figure 2. Percent of participants who reached Mediterranean diet thresholds according to three-day food records (n = 71). Thresholds defined by highest cut-offs used in MediCul tool for the relevant questions [22]. Abbreviations: n, number of participants; d, day; Prep, preparation; Sofrito, a sauce made with tomato, onion/garlic and olive oil, used as a base for savory dishes; TBSP, tablespoon; wk, week. 
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Figure 3. Bland-Altman plot of the difference in the Mediterranean Diet and Culinary Index (MediCul) score between survey A (first administration of MediCul tool) and three-day FR versus the mean MediCul score of the two methods (n = 71). The solid line indicates the mean difference, whereas the dotted lines are the limits of agreement representing ±2 SD from the mean difference within which 95% of the differences between the methods are expected to fall. The fitted regression line is ((y = 8.7−0.06*x) (95% CI: −0.278, 0.158, p = 0.584)), and indicates no significant linear trend. Abbreviations: FR, food record. 
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Table 1. Participant characteristics at baseline (n = 84).
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Descriptive Statistics (Mean (SD) or Proportion)






	
Age (years)

	
65.4 (5.9)




	
Females (%)

BMI * (kg/m2)

	
60

26.1 (4.0)




	
<18.5 (%)

	
1.5




	
18.5 to 24.9 (%)

	
35.4




	
25.0 to 29.9 (%)

	
47.7




	
≥30 (%)

	
15.4




	
Waist circumference *—females (cm)

	
91.4 (12.4)




	
≥88 cm (%)

	
56.4




	
Waist circumference *—males (cm)

	
100.2 (8.2)




	
≥102 cm (%)

	
46.2




	
Resting heart rate * (beats per minute)

	
66 (8)




	
Primary cook at home (%)

	
49




	
Primary grocery shopper at home (%)

	
51




	
Supplement use (%)

	
63




	
Number of chronic illnesses/conditions

	
1.7 (1.5)




	
Osteoarthritis (%)

	
36




	
Hypercholesterolemia (%)

	
30




	
Hypertension (%)

	
24




	
Gastro-esophageal reflux disease (%)

	
16




	
Depression (%)

	
7




	
Diabetes (%)

	
4




	
Number of medications (median (IQR))

	
1.5 (0.0, 3.0)








Abbreviations: IQR, interquartile range representing the 25th and 75th percentiles; n, number of participants; SD, standard deviation; BMI, body mass index (calculated as weight in kilograms divided by height in meters squared). * measured at clinic visit (n = 65).
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Table 2. Mean difference from paired samples t-test for the Mediterranean Diet and Culinary Index (MediCul) scores from surveys A, B, mean AB versus three-day food record (n = 68).
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	Mean Difference
	95% CI of the Difference
	p Value





	A versus FR *
	5.32
	3.03, 7.62
	<0.0001



	B versus FR
	6.38
	4.16, 8.59
	<0.0001



	Mean AB versus FR
	5.85
	3.70, 8.00
	<0.0001







Abbreviations: A, first administration of MediCul; B, second administration of MediCul; mean AB, mean of A and B MediCul administrations; n, number of participants; FR, three-day food record; CI, confidence intervals. * When compared to Survey A with maximum data points (n = 71), participants using a paper FR (n = 22) had a mean difference of 2.6 points (95% CI: −2.36, 7.63; t = 1.10; p = 0.285), whereas those using the electronic FR (n = 49) had a mean difference of 6.9 points (95% CI: 4.50, 9.30; t = 5.77; p < 0.0001).
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Table 3. Nutrient intakes compared with tertiles of the Mediterranean Diet and Culinary Index (MediCul) score from FR and survey A (n = 71) *.
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Nutrients from Food Record

	
Source of the MediCul Score Tertile Cut-Off Points

	
Nutrient Intake for Tertile 1 of the MediCul Score

	
Nutrient Intake for Tertile 2 of the MediCul Score

	
Nutrient Intake for Tertile 3 of the MediCul Score

	
Comparison of Nutrient Intakes across Tertiles of the MediCul Score p Value

	
Test for Trend p Value, Direction ↑ ↓ †




	
Mean/median

	
SD/IQR

	
Mean/median

	
SD/IQR

	
Mean/median

	
SD/IQR






	
Energy kJ/d

	
FR

	
9206

	
2322

	
8330

	
2323

	
9054

	
2342

	
0.386

	
0.810




	
Survey

	
9326

	
2450

	
8526

	
2124

	
8733

	
2435

	
0.468

	
0.380




	
Protein g/d

	
FR

	
97

	
25

	
89

	
22

	
101

	
20

	
0.190

	
0.548




	
Survey

	
100

	
24

	
89

	
26

	
97

	
16

	
0.200

	
0.605




	
Protein % energy

	
FR

	
18

	
3

	
19

	
4

	
19

	
3

	
0.474

	
0.224




	
Survey

	
19

	
3

	
18

	
4

	
20

	
4

	
0.208

	
0.301




	
Fat g/d

	
FR

	
87

	
31

	
77

	
24

	
93

	
33

	
0.189

	
0.491




	
Survey

	
85

	
27

	
83

	
28

	
89

	
37

	
0.790

	
0.661




	
Fat % energy

	
FR

	
34

	
6

	
34

	
6

	
38

	
7

	
0.129

	
0.083




	
Survey

	
34

	
5

	
36

	
6

	
37

	
8

	
0.242

	
0.097




	
SFA g/d

	
FR

	
32

	
11

	
26

	
11

	
29

	
13

	
0.266

	
0.412




	
Survey

	
30

	
11

	
30

	
12

	
27

	
12

	
0.613

	
0.411




	
SFA % energy

	
FR

	
13

	
2

	
12

	
3

	
12

	
4

	
0.428

	
0.269




	
Survey

	
12

	
2

	
13

	
3

	
11

	
3

	
0.191

	
0.588




	
SFA % fat

	
FR

	
41 a

	
6

	
38

	
8

	
33

	
8

	
0.004

	
0.001 ↓




	
Survey

	
39

	
7

	
39 b

	
7

	
34

	
8

	
0.024

	
0.030 ↓




	
PUFA g/d

	
FR

	
12

	
9, 16

	
11 b

	
9, 16

	
14

	
12, 22

	
0.017

	
0.018 ↑




	
Survey

	
11

	
9, 15

	
12

	
10, 15

	
15

	
11, 22

	
0.146

	
0.087




	
PUFA % fat

	
FR

	
16 a

	
5

	
18

	
5

	
21

	
7

	
0.021

	
0.007 ↑




	
Survey

	
17 a

	
5

	
17

	
5

	
21

	
7

	
0.026

	
0.013 ↑




	
MUFA g/d

	
FR

	
35

	
14

	
31

	
10

	
39

	
14

	
0.169

	
0.300




	
Survey

	
35

	
11

	
33

	
12

	
37

	
16

	
0.594

	
0.559




	
MUFA % fat

	
FR

	
43

	
4

	
45

	
6

	
45

	
6

	
0.242

	
0.099




	
Survey

	
45

	
5

	
43

	
5

	
45

	
7

	
0.453

	
0.721




	
n-3 LC PUFA mg/d

	
FR

	
242 a

	
125, 459

	
261 b

	
97, 606

	
891

	
290, 1725

	
0.004

	
0.006 ↑




	
Survey

	
241

	
112, 409

	
290

	
176, 670

	
858

	
291, 1583

	
0.035

	
0.025 ↑




	
ALA mg/d

	
FR

	
1499 a

	
851, 1808

	
1445

	
966, 2005

	
1643

	
1437, 2757

	
0.027

	
0.012 ↑




	
Survey

	
1539

	
908, 2112

	
1489

	
992, 1758

	
1591

	
1308, 2757

	
0.064

	
0.069




	
EPA mg/d

	
FR

	
70 a

	
24, 138

	
72 b

	
29, 200

	
372

	
78, 665

	
0.005

	
0.006 ↑




	
Survey

	
66 a

	
24, 117

	
74 b

	
42, 243

	
275

	
81, 567

	
0.023

	
0.009 ↑




	
DPA mg/d

	
FR

	
69

	
47,129

	
55

	
29, 117

	
136

	
67, 312

	
0.054

	
0.083




	
Survey

	
57

	
37, 129

	
70

	
49, 113

	
130

	
48, 308

	
0.141

	
0.123




	
DHA mg/d

	
FR

	
109 a

	
43, 235

	
124 b

	
30, 345

	
391

	
149, 751

	
0.005

	
0.004 ↑




	
Survey

	
109 a

	
42,197

	
149 b

	
47, 328

	
409

	
162, 640

	
0.023

	
0.009 ↑




	
MUFA:SFA ratio

	
FR

	
1.1 a

	
0.9, 1.2

	
1.1

	
0.9, 1.6

	
1.4

	
1.1, 1.7

	
0.010

	
0.003 ↑




	
Survey

	
1.2

	
1.0, 1.4

	
1.1

	
0.9, 1.2

	
1.6

	
1.0, 1.7

	
0.053

	
0.082




	
Unsaturated:SFA ratio

	
FR

	
1.5 a

	
0.3

	
1.8

	
0.6

	
2.1

	
0.7

	
0.002

	
<0.001 ↑




	
Survey

	
1.7 a

	
0.5

	
1.6 b

	
0.5

	
2.1

	
0.8

	
0.007

	
0.010 ↑




	
Cholesterol mg/d

	
FR

	
333

	
155

	
264

	
105

	
322

	
130

	
0.153

	
0.761




	
Survey

	
333

	
128

	
281

	
150

	
306

	
120

	
0.400

	
0.488




	
Carbohydrate g/d

	
FR

	
205

	
55

	
192

	
69

	
196

	
63

	
0.782

	
0.618




	
Survey

	
208

	
63

	
197

	
58

	
187

	
66

	
0.500

	
0.241




	
Carbohydrate % energy

	
FR

	
37

	
7

	
38

	
6

	
35

	
7

	
0.448

	
0.461




	
Survey

	
37

	
6

	
38

	
6

	
35

	
8

	
0.265

	
0.339




	
Sugars g/d

	
FR

	
96

	
34

	
98

	
41

	
94

	
39

	
0.948

	
0.851




	
Survey

	
98

	
34

	
98

	
40

	
91

	
39

	
0.772

	
0.545




	
Alcohol g/d

	
FR

	
21 a

	
8, 31

	
13

	
1, 26

	
7

	
1, 15

	
0.035

	
0.010 ↓




	
Survey

	
27 a

	
12, 34

	
8

	
2, 17

	
8

	
1, 15

	
0.014

	
0.008 ↓




	
Water g/d

	
FR

	
2878

	
517

	
3106

	
692

	
3089

	
827

	
0.447

	
0.293




	
Survey

	
2995

	
466

	
2856

	
690

	
3245

	
837

	
0.148

	
0.229




	
Dietary fiber g/d

	
FR

	
27

	
8

	
30

	
10

	
33

	
9

	
0.064

	
0.019 ↑




	
Survey

	
29

	
10

	
28

	
7

	
34

	
10

	
0.080

	
0.073




	
Vitamin C mg/d

	
FR

	
128

	
43, 151

	
120

	
82, 198

	
120

	
79, 166

	
0.156

	
0.084




	
Survey

	
113

	
64, 166

	
128

	
73, 158

	
123

	
95, 202

	
0.190

	
0.092




	
Vitamin E mg/d

	
FR

	
12

	
11, 15

	
14

	
11, 18

	
17

	
12, 22

	
0.083

	
0.042 ↑




	
Survey

	
13

	
12, 18

	
13

	
11, 15

	
18

	
11, 23

	
0.089

	
0.222




	
Vitamin B12 μg/d

	
FR

	
4.8

	
3.7, 5.9

	
4.2

	
3.1, 5.2

	
4.5

	
3.6, 6.3

	
0.215

	
0.793




	
Survey

	
4.9

	
3.7, 6.5

	
4.4

	
3.5, 5.7

	
4.4

	
3.6, 5.0

	
0.524

	
0.472




	
Folate μg/d‡

	
FR

	
381

	
119

	
379

	
122

	
403

	
112

	
0.732

	
0.516




	
Survey

	
389

	
123

	
363

	
108

	
414

	
119

	
0.321

	
0.484




	
Retinol equivalents μg/d

	
FR

	
1092

	
557

	
1193

	
568

	
1266

	
587

	
0.577

	
0.298




	
Survey

	
1153

	
404

	
972 b

	
557

	
1454

	
637

	
0.012

	
0.016




	
Beta carotene μg/d

	
FR

	
4567

	
3307

	
5619

	
3245

	
6047

	
3273

	
0.285

	
0.125




	
Survey

	
5043

	
2477

	
4167 b

	
3112

	
7196

	
3593

	
0.004

	
0.013




	
Sodium mg/d

	
FR

	
2330

	
753

	
2021

	
750

	
1920

	
688

	
0.141

	
0.058




	
Survey

	
2298

	
836

	
2064

	
699

	
1901

	
652

	
0.190

	
0.071




	
Potassium mg/d

	
FR

	
3513

	
813

	
3690

	
1057

	
4105

	
945

	
0.096

	
0.036 ↑




	
Survey

	
3691

	
860

	
3520

	
939

	
4124

	
1028

	
0.089

	
0.135




	
Sodium:Potassium ratio

	
FR

	
0.7 a

	
0.3

	
0.6

	
0.2

	
0.5

	
0.2

	
0.006

	
0.001 ↓




	
Survey

	
0.6

	
0.2

	
0.6

	
0.2

	
0.5

	
0.2

	
0.072

	
0.031 ↓




	
Magnesium mg/d

	
FR

	
390 a

	
349, 500

	
361 b

	
321, 466

	
470

	
440, 525

	
0.006

	
0.005 ↑




	
Survey

	
418

	
333, 489

	
393

	
365, 469

	
466

	
365, 557

	
0.154

	
0.148




	
Iron mg/d

	
FR

	
12.1

	
3.3

	
11.7

	
3.4

	
13.2

	
3.5

	
0.288

	
0.254




	
Survey

	
12.9

	
3.6

	
11.1

	
2.7

	
13.1

	
3.7

	
0.091

	
0.030




	
Zinc mg/d

	
FR

	
12.1

	
4.0

	
10.7

	
3.2

	
11.9

	
3.1

	
0.336

	
0.868




	
Survey

	
11.8

	
4.2

	
11.1

	
3.1

	
11.8

	
3.1

	
0.721

	
0.960




	
Selenium μg/d

	
FR

	
89

	
70, 109

	
91

	
76, 105

	
103

	
92, 134

	
0.035

	
0.017 ↑




	
Survey

	
96

	
81, 117

	
92

	
68, 109

	
96

	
83, 110

	
0.435

	
0.751








Abbreviations: n, number of participants; SD, standard deviation; IQR, interquartile range (representing the 25th and 75th percentiles); kJ, kilojoules; d, day; FR, food record; g, grams; SFA, saturated fatty acids; PUFA, polyunsaturated fatty acids; MUFA, monounsaturated fatty acids; n-3, omega 3; LC, long chain; mg, milligrams; ALA, alpha linolenic acid; EPA, eicosapentaenoic acid; DPA, docosapentaenoic acid; DHA, docosahexaenoic acid. * MediCul index score tertiles are derived from FR and survey A (first administration of MediCul). For survey A, the cut-off points for tertiles 2 and 3 were 50.0 and 59.0, respectively. Values are presented as mean (SD) for normally distributed data or median (IQR) for non-normally distributed data. These data were normalized by logarithmic transformation for use in ANOVA models with the exception of alcohol, selenium, EPA and DHA, which were unable to be normalized and therefore analyzed using the Kruskal-Wallis model. When ANOVA F ratio was significant, variances were checked for equality using the Levene’s test, and Bonferroni was applied for equal variances or Games-Howell post hoc t test for unequal variances. First (linear)- and second (quadratic)-order polynomial contrasts were applied to test for trends across tertiles, as well as the line of best fit for normally distributed/normalized nutrients. The Jonckheere trend test was used for non-normally distributed nutrients. In all cases linear trends were significant and there were no significant deviations from normality, except for retinol equivalents, beta carotene and iron when compared with tertiles from survey A, where the quadratic trend was positive and the most significant. Significant differences (p < 0.05) between tertiles denoted as: a = 1 vs. 3; b = 2 vs. 3. † Linear trend direction indicated as ↑ (increasing) or ↓ (decreasing). ‡ Naturally occurring food folates only.
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