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Abstract: The Mediterranean diet is associated with multiple health benefits, and the modified
Mediterranean Diet Score (mMDS) has been previously validated as a measure of Mediterranean
diet adherence. The aim of this study was to examine associations between the mMDS and
anthropometric indices, blood pressure, and biochemical parameters in a sample of career firefighters.
The participants were from Indiana Fire Departments, taking part in the “Feeding America’s Bravest”
study, a cluster-randomized controlled trial that aimed to assess the efficacy of a Mediterranean
diet intervention. We measured Mediterranean diet adherence using the mMDS. Anthropometric,
blood pressure, and biochemical measurements were also collected. Univariate and multivariate
linear regression models were used. In unadjusted analyses, many expected favorable associations
between the mMDS and cardiovascular disease risk factors were found among the 460 firefighters.
After adjustment for age, gender, ethnicity, physical activity, and smoking, a unitary increase in
the mMDS remained associated with a decrease of the total cholesterol/HDL ratio (β-coefficient
−0.028, p = 0.002) and an increase of HDL-cholesterol (β-coefficient 0.254, p = 0.004). In conclusion,
greater adherence to the Mediterranean diet was associated with markers of decreased cardiometabolic
risk. The mMDS score is a valid instrument for measuring adherence to the Mediterranean diet and
may have additional utility in research and clinical practice.
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1. Introduction

Obesity, metabolic syndrome, and cardiovascular disease (CVD) have major impacts on US
emergency responders, such as firefighters. These non-communicable, lifestyle-influenced conditions
can put firefighters’ career and life at risk [1–6]. The hazardous working environment, with risks of burns
and physical trauma, air pollutants, physical and emotional stress, and shiftwork, causes additional
stress to the cardiovascular system and may put firefighters at a higher cardiovascular disease risk
with respect to the general population [7,8]. In fact, among US firefighters, sudden cardiac death is
the leading cause of on-duty death, is, in most cases, due to underlying coronary heart disease and
cardiomegaly, and is responsible for over 40% of duty-related deaths [9,10].

The number and proportion of CVD fatalities have remained relatively similar over the years,
which suggests the need for more aggressive lifestyle-related interventions [11]. A recent study in
older firefighters suggested that wellness programs can improve the cardiorespiratory function [12].
The eating and lifestyle patterns of firefighters often lead to obesity and have negative impacts on
society by contributing to an increased rate of sick leave and increased healthcare expenses [13,14].
On the other hand, firefighters who follow a healthy lifestyle by exercising and maintaining a healthy
weight are more likely to maintain high levels of cardiorespiratory fitness during aging [15].

The Mediterranean diet has been shown to reduce the risk of CVD and promote longevity in a
variety of international settings [16–18]. There is also an increasing trend to introduce the Mediterranean
diet at work as an intervention to prevent non-communicable diseases [19]. The existing evidence also
suggests that adherence to the Mediterranean diet not only improves the physical health and wellbeing
of workers but also may reduce work stress and blood pressure [20–22]. In two recent meta-analyses of
Randomized Control Trials (RCT), the Mediterranean diet, also in combination with physical activity,
was the only eating pattern which showed significant and beneficial effects on weight, body mass
index (BMI) waist circumference, total cholesterol, high-density lipoprotein (HDL)-cholesterol, glucose,
and blood pressure, without any evidence of adverse associations [23,24].

Various Mediterranean diet scores have been developed worldwide to quantify adherence to
the Mediterranean diet [25–29]. In the ATTICA intervention in Greece, adherence was measured
with the MedDietScore (0–55 items) [30,31], while the European Prospective Investigation into Cancer
Nutrition (EPIC) group used the MED score (0–9 scale) [32,33]. Other adaptations include the Italian
alternative Mediterranean diet score aMED (0–9 scale) [34] and the I-MEDAS from Israel (17-item
questionnaire) [35]. The PREDIMED score, which is based on 14 items from the Prevención con Dieta
Mediterránea in Spain, is also widely used [36,37]. However, the use of these scores in different
populations, cultures, and ethnicities has been questioned, as they may not be directly adaptable to
different ethnic and social groups [38].

In the US, a Mediterranean diet score was constructed specifically to measure adherence to the
Mediterranean diet in career firefighters and is known as the modified Mediterranean Diet Score
(mMDS) [39].

“Feeding America’s Bravest” is a cluster-randomized-controlled trial that aimed to assess
the efficacy of a Mediterranean Diet intervention in 60 fire stations in two Indiana (USA) Fire
Departments [40]. To assess Mediterranean diet adherence, the aforementioned mMDS was used.
Its validity versus previously validated questionnaires [41,42] was established using a sample of
firefighters participating in “Feeding America’s Bravest” [43]. The aim of the present study was
to further corroborate the validity of the mMDS as a measure of Mediterranean diet adherence by
examining its cross-sectional associations with anthropometric indices, blood pressure, and biochemical
parameters in participants of the “Feeding America’s Bravest” study.
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2. Materials and Methods

2.1. Study Population

In this cross-sectional study, we used baseline nutrition surveys to calculate the mMDS from
a total study base of 486 career firefighters (428 firefighters were recruited from the Indianapolis
Fire Department’s 44 stations and 58 from the Fishers, Indiana Fire Department’s 6 stations) who
consented to and enrolled in the ongoing study “Feeding America’s Bravest”: Mediterranean Diet-Based
Interventions to change Firefighters’ Eating Habits and Improve Cardiovascular Risk Profiles between
28 November 2016 and 16 April 2018 [34,39]. We excluded firefighters who did not complete baseline
anthropometric measurements or if their biomarker indices were missing (Figure 1). Recruitment,
consent, and study procedures were carried out by trained staff of the National Institute for Public
Safety Health, who work regularly with both or the respective fire departments.
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FFQ: Food Frequency Questionnaire.

2.2. Dietary Assessment

A validated 131-item semi-quantitative Food Frequency Questionnaire (FFQ) [41] and the mMDS
score [39] were used to quantify the firefighters’ dietary intake patterns at baseline. The FFQ is a
questionnaire previously developed by Yang et al. [39]. Two additional domains were added to the
mMDS (nuts and legume consumption), and the score ranged between 0 = minimum adherence to
the Mediterranean diet and 51 = maximum adherence to the Mediterranean diet. Because we had
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previously validated the mMDS in a Qualtrics survey with the Harvard FFQ [43] and more initial
Indianapolis participants had complete FFQs, we calculated their mMDS score based on the FFQ and
used a scaled value of the directly derived Qualtrics score for the Fishers firefighters who had not done
an FFQ.

2.3. Physical Activity

Physical activity was calculated based on a 0–7 scale through a validated self-report scale
(Self-Report of Physical Activity (SRPA)) embedded into our study questionnaire [44]. At baseline,
the firefighters were asked to describe their physical activity levels over the past month using the
following options: 0 = avoid walking or exertion (e.g., always use elevator, drive whenever possible
instead of walking, biking, or rollerblading); 1 = walk for pleasure, routinely use stairs, occasionally
exercise sufficiently to cause heavy breathing or perspiration; 2 = 10 to 60 min per week; 3 = over one
hour per week; 4 = run less than 1 mile per week or spend less than 30 min per week in comparable
physical activity; 5 = run 1 to 5 miles per week or spend 30 to 60 min per week in comparable physical
activity; 6 = run 5 to 10 miles per week or spend 1 to 3 h per week in comparable physical activity;
and 7 = run over 10 miles per week or spend over 3 h per week in comparable physical activity.

2.4. Outcome Assessments

At baseline recruitment, the participants underwent blood pressure and anthropometric
assessments as part of the initial study visit. Resting blood pressure was measured using an
appropriately sized cuff in seated position for each firefighter. BMI was recorded for all study subjects
in kg/m2 from measured height and weight. Body fat (%) was estimated by a Bioelectrical Impedance
Analyzer (BIA) [40,45].

Separately, the firefighters had biochemical indices assessed at fire department-sponsored medical
examinations. We used the biochemical measurements gathered at the closest date from the date
of study consent within the same 12-month period. Blood samples were also collected after an
overnight fast at baseline and at follow-up. Using EDTA collection tubes, up to 15 mL of blood
was collected. Plasma and serum were aliquoted, frozen at −80 ◦C, stored, and run in batches.
Automated high-throughput enzymatic analysis was used to determine the blood lipid profiles of
the firefighters. This analysis achieved coefficients of variation ≤3% for cholesterol and ≤5% for
triglycerides, using a cholesterol assay kit and reagents (Ref:7D62–21) and triglyceride assay kit and
reagents (Ref:7D74–21) by the ARCHITECT c System, Abbott Laboratories, IL, USA. The lipid measures
included total cholesterol, triglycerides, total cholesterol/HDL ratio, HDL-cholesterol, and low-density
lipoprotein (LDL)-cholesterol.

2.5. Covariate Assessment

We collected sociodemographic characteristics, medical history, lifestyle habits, and dietary intake
from the study’s comprehensive lifestyle questionnaire [40].

2.6. Statistical Analysis

Statistical analysis was performed using IBM Statistical Package for the Social Sciences (SPSS),
version 19.0 (IBM Corp., Armonk, NY, USA). The normality of the quantitative variables was tested
with the Kolmogorov-Smirnov test. The quantitative variables were expressed as mean ± standard
deviation (SD) or as median (Q1, Q3), as appropriate. The qualitative variables were expressed as
absolute and relative (%) frequencies.

Multivariable linear regression models were used to examine the association of mMDS with
anthropometric, blood pressure, and biochemical variables, after adjusting for age, gender, race,
physical activity, and smoking. Beta coefficients were reported with the corresponding standard errors
(SE) and p values. Component items of the mMDS were compared between firefighters with high and
low values of biochemical parameters using the chi-square test.
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All tests were two-tailed, and statistical significance was considered for p values < 0.05.

2.7. Ethics Statement

The overarching “Feeding America’s Bravest” protocol was approved by the Harvard Institutional
Review Board (IRB16-0170) ethics committee and is registered at Clinical Trials (NCT02941757).
All participants provided signed informed consent for participation. The participants who met the
criteria for enrollment in the intervention were all informed about their right to decline participation to
the intervention or to withdraw at any time as per the Declaration of Helsinki, and the participants
who decided to enroll gave full informed consent as per the protocol of the research [40].

3. Results

3.1. Sampling Procedure and Outcome

A sample of 460 firefighters from the two fire departments had complete data for analysis in
the current study and represented 95% of all participants who consented to the parent clinical trial
(Figure 1).

3.2. General Characteristics of the Firefighters

The majority of the firefighters were males (94.4%), with a mean age of 46.7 years (SD 8.3 years).
Firefighters’ personal characteristics are shown in Table 1. The mean mMDS in the study population
was 21.88 (SD 6.68). The majority of the firefighters were overweight/obese, with an average body fat
percentage of 28.10% (SD 6.55%).

Table 1. Characteristics of the participants.

Characteristic N

Male gender, n (%) 448 423 (94.4)
Age (years), mean (SD) 460 46.7 (8.3)
Race, n (%) 311

Caucasian 266 (85.5)
African American 39 (12.5)
Other 6 (1.9)

Currently smoking, n (%) 314 15 (4.8)
Physical activity *, n (%) 307

Low 39 (12.7)
Medium 65 (21.2)
High 203 (66.1)

Hours sitting per week, median (Q1–Q3) 300 15 (10–24)
Number of meals at the firehouse, median (Q1–Q3) 309 3 (2–3)
FFQ mMDS, mean (SD) 460 21.88 (6.68)
Anthropometric variables

BMI (kg/m2), mean (SD) 460 30.01 (4.39)
Normal weight 74 16%
Overweight 156 34%
Obese 230 50%
Waist circumference (cm), mean (SD) 459 99.7 (12.5)
Body fat percentage (%), mean (SD) 458 28.10 (6.55)

Blood pressure variables
Resting SBP (mmHg), mean (SD) 460 125.5 (11.2)
Resting DBP (mmHg), mean (SD) 460 79.1 (6.8)
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Table 1. Cont.

Characteristic N

Biochemical variables
Total Cholesterol (mg/dL), mean (SD) 460 197.1 (37.7)
HDL-Cholesterol (mg/dL), mean (SD) 460 48.5 (11.4)
LDL-Cholesterol (mg/dL), mean (SD) 452 123.5 (32.6)
Total Cholesterol/HDL ratio, mean (SD) 460 4.26 (1.32)
Triglycerides (mg/dL), mean (SD) 459 126.0 (76.6)
Glucose (mg/dL), mean (SD) 460 99.5 (19.6)

* Physical activity. Low: did not participate regularly in programmed recreation, sport, or heavy physical activity.
Medium: participated regularly in recreation requiring modest physical activity, such as golf, horseback riding,
calisthenics, gymnastics, table tennis, bowling, weight-lifting, yard work. High: participated regularly in heavy
physical exercise such as running or jogging, swimming, rowing, skipping rope, running in place, or engaging
in vigorous aerobic activity such as tennis. basketball, or handball. FFQ: Food Frequency questionnaire, mMDS:
modified Mediterranean Diet Score, SD: Standard Deviation, BMI: body mass index, SBP: systolic blood pressure,
DBP: diastolic blood pressure, HDL: high-density lipoprotein, LDL: low-density lipoprotein.

3.3. Association of the Modified Mediterranean Diet Score with Anthropometric and Biochemical Indices

The association of mMDS with the participants’ anthropometric measures, blood pressure,
and biochemical variables is shown in Table 2. When the mMDS scores were categorized into quartiles,
multivariate analysis adjusted for age and gender revealed statistically significant inverse associations
of mMDS quartiles with BMI (p = 0.030), waist circumference (p = 0.002), body fat percentage
(p = 0.002), and total cholesterol/HDL ratio (p = 0.007), whereas there was a positive association with
HDL-cholesterol (p = 0.002).
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Table 2. Association of the mMDS (categorized into quartiles) with anthropometric measures, blood pressure, and biochemical variables.

mMDS

Risk Factor 1st Quartile 2nd Quartile 3rd Quartile 4th Quartile P Trend * P Trend † P Trend ‡

Number of subjects 106 122 118 114
Anthropometric variables

BMI (kg/m2) 30.59 (4.06) 30.14 (4.82) 30.17 (4.70) 29.16 (3.77) 0.023 0.030 0.914
Waist circumference (cm) 102.0 (11.6) 100.6 (13.6) 99.3 (12.9) 96.8 (11.0) 0.001 0.002 0.685
Body fat percentage (%) 28.96 (5.64) 28.61 (6.38) 28.42 (7.06) 26.42 (6.75) 0.005 0.002 0.886
Blood pressure variables

Resting SBP (mmHg) 125.7 (10.8) 124.7 (11.4) 126.6 (12.7) 125.1 (9.5) 0.980 0.836 0.515
Resting DBP (mmHg) 79.6 (7.2) 78.8 (6.7) 79.3 (6.3) 78.6 (7.1) 0.418 0.522 0.927
Biochemical variables

Total Cholesterol (mg/dL) 200.2 (36.6) 193.1 (37.0) 198.2 (41.4) 197.5 (35.4) 0.894 0.876 0.742
HDL-Cholesterol (mg/dL) 45.6 (10.1) 48.6 (11.9) 48.7 (11.5) 50.9 (11.4) 0.001 0.002 0.022
LDL-Cholesterol (mg/dL) 127.3 (32.7) 119.5 (30.1) 124.4 (35.3) 123.6 (32.2) 0.703 0.690 0.587

Total Cholesterol/HDL ratio 4.60 (1.31) 4.19 (1.58) 4.27 (1.28) 4.03 (0.96) 0.004 0.007 0.020
Triglycerides (mg/dL) 140.8 (85.9) 118.4 (62.7) 129.2 (88.4) 116.9 (65.7) 0.071 0.107 0.364

Glucose (mg/dL) 99.9 (14.3) 100.9 (23.2) 98.6 (20.5) 98.6 (18.9) 0.450 0.594 0.770

* unadjusted; † adjusted for gender and age; ‡ adjusted for age, gender, race, physical activity, and smoking.
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After further adjustment for subjects’ ethnicity, physical activity, and smoking (Table 2), being in a
higher mMDS quartile remained significantly inversely associated with the total cholesterol/HDL ratio
(p = 0.020) and positively associated with HDL-cholesterol (p = 0.022).

3.4. Effects of a Unitary Increase in the Modified Mediteranean Score on Anthropometric Measures,
Blood Pressure, and Biochemical Indices

The association of mMDS with subjects’ anthropometric measures, blood pressure, and biochemical
variables, as a continuous variable, was further analyzed using linear regression models (Table 3).

Table 3. Effect of a unitary increase in the mMDS on anthropometric measures, blood pressure,
and biochemical variables.

Linear Regression Models

Adjusted by Gender and Age Adjusted by Age, Gender, Race,
Physical Activity, and Smoking

Risk Factor B Coefficient SE p Value B Coefficient SE p Value

Anthropometric variables
BMI (kg/m2) −0.080 0.030 0.008 −0.026 0.038 0.490

Waist circumference (in) −0.114 0.031 <0.001 −0.045 0.039 0.241
Body fat percentage (%) −0.141 0.043 0.001 −0.028 0.057 0.627
Blood pressure variables

Resting SBP (mmHg) −0.041 0.076 0.590 0.004 0.107 0.969
Resting DBP (mmHg) −0.056 0.046 0.223 −0.037 0.062 0.552
Biochemical variables

Total Cholesterol (mg/dL) −0.160 0.264 0.546 −0.289 0.332 0.385
HDL Cholesterol (mg/dL) 0.254 0.075 <0.001 0.286 0.100 0.004
LDL Cholesterol (mg/dL) −0.193 0.230 0.402 −0.341 0.300 0.256

Total cholesterol-HDL ratio −0.028 0.009 0.002 −0.030 0.010 0.002
Triglycerides (mg/dL) −1.010 0.532 0.058 −0.909 0.644 0.159

Glucose (mg/dL) −0.137 0.135 0.313 −0.155 0.186 0.404

SD, standard deviation; B, unstandardized Beta coefficient; SE, standard error.

Multivariate linear regression analysis, adjusting for subjects’ age and gender, revealed that a
unitary increase in the mMDS was significantly inversely associated with BMI (β-coefficient −0.080,
p = 0.008), waist circumference (β-coefficient −0.114, p < 0.001), body fat percentage (β-coefficient
−0.141, p = 0.001), and total cholesterol/HDL ratio (β-coefficient −0.028, p = 0.002), whereas it was
positively associated with HDL-cholesterol (β-coefficient 0.254, p < 0.001). After further adjustment for
subjects’ ethnicity, physical activity, and smoking, mMDS was significantly associated with a lower
total cholesterol/HDL ratio (β-coefficient −0.030, p = 0.002), whereas there was a positive association of
mMDS with HDL-cholesterol (β-coefficient 0.286, p = 0.004).

3.5. Effects of Single Components of the Modified Mediteranean Score on Anthropometric Measures,
Blood Pressure, and Biochemical Indices

Examining component food items of the mMDS and total cholesterol/HDL ratio, total cholesterol-HDL
ratio, and blood glucose, fast-food consumption was positively associated with a total cholesterol/HDL
ratio >6 (p = 0.003) and with triglycerides levels ≥150 mg/dL (p < 0.001). Sweet desserts consumption
was associated with a total cholesterol/HDL ratio >6 (p = 0.004) and with triglycerides levels≥150 mg/dL
(p = 0.002), while lower consumption of fruits and vegetables was associated with a total cholesterol/HDL
ratio >6 (p = 0.049). Fried food consumption was associated with a total cholesterol/HDL ratio >6
(p = 0.004) and with triglycerides levels ≥150 mg/dL (p = 0.037), and consumption of non-alcoholic
beverages at home was associated with glucose levels ≥100 mg/dL (p = 0.036). No other statistically
significant associations were observed (Appendix A Table A1).

4. Discussion

Our study shows that greater adherence to a Mediterranean diet, as measured by higher mMDS,
was favorably associated, as expected, with various anthropometric and biochemical parameters
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after adjustment by age and gender. After further adjustment for ethnicity, physical activity,
and smoking, a higher mMDS remained associated with a lower total cholesterol/HDL ratio and
increased HDL-cholesterol. These results are generally in agreement with those of our previous larger
study in a different Midwest firefighter cohort of 780 career male firefighters. The study sample was
representative, as the participants had similar demographics, anthropometrics, and dietary habits
to those of their entire fire departments and other mid-Western firefighters [39]. In our former
cross-sectional study, the results indicated that a higher mMDS was associated with HDL-cholesterol
and with lower LDL-cholesterol when adjusted for age, BMI, and physical activity and that the
firefighters who adhere the most to the Mediterranean diet had a 35% lower risk of prevalent metabolic
syndrome [39]. Taken together, our findings are biologically plausible based on previous research and
lend additional credibility and validity to the mMDS. The PREDIMED study also found similar results
for the Mediterranean diet arms of the intervention, where a reduction of carbohydrates and the increase
of monounsaturated dietary fatty acids (MUFA) resulted in lower cholesterol levels and increased
HDL cholesterol levels [46]. Similar results were reported from another recent randomized control
trial from Italy [47]. In summary, the present study is consistent with past research demonstrating that
the Mediterranean diet has cardioprotective effects by improving HDL-cholesterol levels and the total
cholesterol/HDL ratio [19,23,48].

Regarding anthropometrics, our results adjusted for age and gender were consistent with
previous findings associating the Mediterranean diet with BMI, waist circumference, and weight
loss [19,34,49–52]. However, we found no statistically significant associations, after further adjusting for
ethnicity, physical activity, and smoking status. Similarly, several other scores such as the Mediterranean
Diet Scale (MDScale), Mediterranean Food Pattern (MFP), MD Score (MDS), Short Mediterranean Diet
Questionnaire (SMDQ), and MedDiet score were also not significantly associated with BMI [51,52].
The difference between our unadjusted and adjusted models may indicate an insufficient sample size
in the current study.

In our study, there was no statistically significant association between the mMDS and glucose
levels, consistent with previous research and the most recent RCT meta-analysis studies [23,24,53],
although we did find that high consumption of non-alcoholic sugar-sweetened beverages at home
was associated with higher glucose levels, as has been shown elsewhere [54,55]. Sweet desserts
consumption was associated with a total cholesterol/HDL ratio >6 and with triglycerides levels
≥150 mg/dL. Firefighters with low fruit consumption were more likely to have a total cholesterol/HDL
ratio >6. On average, the firefighters were consuming three servings of fruits and vegetables per
day, in contrast with the recommendations of five or more daily servings of fruits and vegetables
of the American Heart Association (AHA) [56]. Thus, our results highlight the need to increase the
consumption of fruits and vegetables, because of their cardioprotective role, as an integral part of the
Mediterranean diet [48,57,58]. In a recent study based on how the American population can adopt the
Mediterranean diet, it was recommended that the American population should replace their usual
desserts such us cookies, ice creams, pies, and sweet and creamy desserts with fresh fruits to optimize
their health [59]. Increased fried food consumption was also associated with a total cholesterol/HDL
ratio >6 and with triglycerides levels ≥150 mg/dL. It is well documented that the quality of fried food
depends on the type of the oil used for frying [60]. Even though the scores for cooking with oils or fats
at home and at work were not associated with any of the indices, these scores were below 4, indicating
that the consumed fat or oils were mostly oils and spreads other than olive oil (e.g., margarine, corn or
vegetable oil, and other spreads). Because at baseline the firefighters were unlikely to use olive oil for
cooking, their olive oil consumption was reduced, and they were missing a basic component of the
Mediterranean diet which is very important for its anti-inflammatory and antioxidant benefits [61–63].

The major limitation of this study is its cross-sectional nature, which does not allow us to infer
causation. Another limitation of our study is that the firefighters were mainly men (94.4%). However,
this reflects the current demographic of the US career fire service. Our study was also subject to a



Nutrients 2020, 12, 3693 10 of 15

degree of non-response bias, as the lifestyle questionnaires were completed online by firefighters and
not during the face-to-face study visits.

One of our study’s strengths is that the firefighters’ anthropometrics included their body fat
percentage and waist circumference, not only their BMI. In fact, BMI may cause some false positives
due to the increased muscle mass of some firefighters [64]. Another strength is that all our data
were collected using standardized procedures, which limits bias. Also, the mMDS was created so
to cover the eating habits of the firefighters at work and at home for better accuracy [39]. Finally,
one of the strengths of our study is that the previously validated instrument [43] we used to examine
Mediterranean diet adherence was created for the American firefighters, based on their lifestyle,
eating habits, nature of work (meals at home and at work), type of drinks, and alcohol consumption
and therefore is a good-quality validated instrument for this population, as it is known that the quality
of Mediterranean diet scores has been questioned in different populations [38].

5. Conclusions

In conclusion, greater adherence to a Mediterranean diet, as measured by a higher mMDS,
was favorably associated with lower measures of cardiometabolic risk. In fully adjusted models
including physical activity level and smoking, the associations of a higher mMDS with a lower total
cholesterol/HDL ratio and increased HDL-cholesterol remained robust. The mMDS has now evidence
of validity with respect to more established questionnaires and has been determined in relation
to additional biologically plausible associations from two different and independent mid-western
(US) firefighter cohorts. Therefore, the mMDS should be a valid tool for assessing the outcome of
cluster-randomized controlled trials of Mediterranean lifestyle interventions in this population and
similar ones. It may also have further utility not only in research but also in clinical practice.
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Appendix A

Table A1. Comparison of the single items of the modified Mediterranean diet scores (mMDS) according to biochemical indices.

Total Cholesterol-HDL Ratio > 6 Triglycerides ≥ 150 mg/dL Glucose ≥ 100 mg/dL

No (N = 374) Yes (N = 27) p Value No (N = 300) Yes (N = 100) p Value No (N = 243) Yes (N = 158) p Value
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Total mMDS 22.23 6.80 18.19 6.63 0.003 22.47 6.80 20.44 6.86 0.010 22.12 6.67 21.70 7.15 0.549
Single item mMDS

Fast food consumption * 1.57 0.95 1.00 0.83 0.003 1.66 0.93 1.14 0.92 <.001 1.51 0.97 1.56 0.93 0.634
Fruit consumption 1.57 0.90 1.22 0.70 0.049 1.58 0.91 1.44 0.82 0.163 1.58 0.94 1.49 0.80 0.270

Vegetable consumption 2.56 1.06 2.44 0.93 0.586 2.53 1.05 2.63 1.08 0.396 2.56 1.07 2.54 1.03 0.841
Sweet desserts consumption 1.85 1.57 0.96 1.22 0.004 1.93 1.57 1.37 1.50 0.002 1.76 1.57 1.84 1.56 0.625

Cooking oil or fat use at home 2.12 1.85 1.63 1.74 0.185 2.12 1.86 1.99 1.84 0.554 2.22 1.83 1.88 1.86 0.073
Fried food consumption 1.56 1.18 0.89 0.93 0.004 1.58 1.19 1.30 1.10 0.037 1.47 1.18 1.58 1.17 0.374

Breads or starches consumed at home 1.75 1.48 1.67 1.52 0.782 1.82 1.47 1.50 1.51 0.062 1.73 1.49 1.77 1.48 0.805
Ocean fish consumption 1.64 1.14 1.70 0.99 0.765 1.67 1.13 1.57 1.12 0.459 1.66 1.07 1.61 1.21 0.700

Non-alcoholic beverages at home 2.66 1.13 2.44 1.37 0.339 2.69 1.14 2.50 1.17 0.144 2.74 1.12 2.50 1.18 0.036
Alcoholic beverages 2.09 1.57 1.78 1.48 0.317 2.02 1.60 2.24 1.44 0.224 2.03 1.59 2.13 1.54 0.516
Wine consumption 0.81 0.98 0.89 1.01 0.679 0.81 0.98 0.82 0.99 0.953 0.83 0.99 0.78 0.98 0.645

Legumes consumption 0.67 1.26 0.74 1.29 0.791 0.66 1.26 0.74 1.29 0.585 0.71 1.29 0.63 1.23 0.510
Nuts consumption 1.39 1.62 0.81 1.44 0.073 1.40 1.62 1.20 1.61 0.277 1.32 1.59 1.41 1.66 0.612

* Fast-food consumption per week (score 0–4), i.e., frequency of choosing options such as McDonalds, Burger King, Kentucky Fried Chicken, etc.
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