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Abstract: Diet has long been identified as a major determinant of cardiovascular and other chronic
diseases. In this study, we assess the relation between adherence to different dietary patterns and
biochemical and metabolic parameters as well as the 10-year risk of major cardiovascular diseases
(CVDs) in a community of blood donors in Northern Italy. We assess their adherence to four dietary
patterns, namely, the Dietary Approach to Stop Hypertension (DASH) diet, the Mediterranean diet
through the Greek and Italian Mediterranean Indices (GMI and IMI) and the Mediterranean-DASH
Intervention for Neurodegenerative Delay (MIND) diet, using a validated semi-quantitative food
frequency questionnaire (FFQ). We then assess their association with blood parameters and the
10-year risk of major CVD using a spline regression model. We found an inverse association between
the DASH and MIND diets and total and LDL cholesterol, and triglyceride and HDL cholesterol
values for the Mediterranean diets (IMI and GMI). Additionally, according to our sex-stratified
analyses, men who have greater adherence to dietary patterns have a decreased risk of major CVD
for all patterns. The results suggest that greater adherence to dietary patterns positively influences
blood biochemical and metabolic parameters, thus reducing the risk of developing cardiovascular
disease and delaying the use of drug treatments.

Keywords: cardiovascular risk; DASH diet; dietary patterns; blood biochemistry; Mediterranean
diet; metabolic factors; MIND diet

1. Introduction

Cardiovascular diseases (CVDs) are a group of disorders of the heart and blood vessels
and include coronary heart disease, cerebrovascular disease (ischemic and hemorrhagic
stroke) and other conditions. More than four out of five CVD deaths are due to heart
attacks and strokes, and one-third of these deaths occur prematurely in people under
70 years of age [1]. CVD remains the leading cause of mortality in industrialized coun-
tries and is rapidly becoming a primary cause of death worldwide. To prevent CVD, it is
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critical to identify proper public health interventions. High sodium and low potassium
intakes are associated with increased blood pressure levels and risk of CVD. Thus, the
evaluation of eating habits helps to assess intake and adherence to healthy diet recom-
mendations as an important lifestyle factor to reduce the risk of developing CVD and
other chronic diseases [2–7]. Dietary changes are considered the most effective and critical
intervention [8–10].

The most frequent cause of ischemic heart disease is the process of atherosclerosis.
Changing lifestyle habits is one of the first strategies to overcoming atherosclerosis, mainly
focusing on a healthy diet [11]. It has been shown that high cholesterol levels and hyperten-
sion are often correlated [12], and it has been demonstrated that the simultaneous treatment
of both can improve the individual cardiovascular risk profile [13].

At least three-quarters of the world’s deaths from CVDs occur due to an unhealthy diet,
physical inactivity, tobacco use, and harmful use of alcohol [1]. Inappropriate behavioral fac-
tors, such as a lack of physical activity and unhealthy dietary habits, are the leading causes
of dyslipidemia characterized by high levels of triglycerides and Low-Density Lipoprotein
(LDL) cholesterol and low levels of High-Density Lipoprotein (HDL) cholesterol, as well
as increased blood pressure, hyperglycemia and overweight/obesity [14]. Therefore, it
becomes essential to promote a healthy diet and a series of habits that generally lead to a
healthy lifestyle [15,16].

The Mediterranean diet closely reflects the principles of healthy nutrition [17]. Indeed,
it is a dietary pattern characterized by the high consumption of plant-based foods (cereals,
fruits, vegetables, legumes, tree nuts, seeds and olives), with olive oil as the principal
source of added fat, along with high to moderate intakes of fish and seafood; moderate
consumption of eggs, poultry and dairy products (e.g., cheese and yogurt); low consump-
tion of red meat and a moderate intake of alcohol, mainly wine during meals [18]. For
these reasons, it is considered an ideal diet for the achievement of a good state of health
(e.g., reduced mortality) and for the prevention of chronic diseases [19], especially CVD, in
high-income countries [18,20–23]. It contributes to significant reductions in the incidence
and mortality of CVDs [24–27], neoplastic diseases [28,29] and neurodegenerative diseases;
thus, it is associated with a significant improvement in health status [30,31].

In addition to the Mediterranean diet, another dietary pattern included in the WHO
recommendations to reduce cardiovascular risk and hypertension is the Dietary Approaches
to Stop Hypertension (DASH) diet. Initially conceived by the US National Heart, Lung and
Blood Institute in the 90s, the DASH diet is the dietary regimen recommended to reduce
hypertension and CVDs [32–35]. The DASH diet is comparable to the Mediterranean diet
as it limits saturated fats (red meat, cheese, sweets) and high-sodium foods (a person with
hypertension should not exceed 1500 mg per day), preferring instead vegetables, fruits,
low-fat dairy products, cereals (preferably whole grain), fish, olive oil and nuts. Finally,
the Mediterranean-DASH Intervention for Neurodegenerative Delay (MIND) diet is a
hybrid dietary regimen of the Mediterranean and DASH diets with selected modifications
based on the most compelling evidence in the diet-dementia field [36–39]. It features the
consumption of vegetables (particularly green leafy vegetables), berries, extra-virgin olive
oil, nuts, whole grains and low-fat protein sources. Previous observational studies showed
that greater adherence to the MIND diet was related to a lower cognitive decline [40–42]
and recently also CVDs [43].

In this study, we investigate the relation between diet quality through adherence to
different dietary patterns and blood biochemical and metabolic parameters in a ‘healthy’
Italian population to evaluate the possible preventive strategies to decrease their risk of
developing CVDs.

2. Materials and Methods
2.1. Study Population and Procedures

We recruited healthy blood donors aged between 30 and 60 years without a history
of chronic disease or cancer from the Reggio Emilia AUSL-IRCCS Transfusion Medicine
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Unit. Each participant was asked to complete a questionnaire concerning medical history
and personal information [44]. We measured their height and weight to calculate body
mass index (BMI) and systolic and diastolic blood pressure levels with a manual sphyg-
momanometer during the medical examination prior to blood donation. Subjects who
declared they were currently smokers were excluded.

2.2. Dietary Assessment

We administered a detailed food frequency questionnaire (FFQ) using a validated
semi-quantitative FFQ developed as part of the European Prospective Investigation in
Cancer (EPIC) project. The version used was specifically validated for the population of
Northern Italy [45,46]. The EPIC-FFQ was designed to estimate the intake of 188 food items
over the previous year in terms of frequency and amount. Photos of portion sizes were
also used to assist with proper completion of the questionnaire by participants. Foods
and beverages were categorized into major food groups and subgroups based on the
common EPIC-SOFT classification [47,48]. We also calculated scores for four diet quality
patterns defined a priori, as previously described [49–51]. The DASH diet is based on
8 components: fruits, vegetables, nuts and legumes, low-fat dairy products and whole
grains with a high intake yielding high DASH scores, and sodium, sweetened beverages,
and red and processed meats with a low intake yielding high scores. Participants were
classified into quintiles according to the intake of each component, then the component
scores were summed to obtain the DASH score with an overall possible range of 8–40. The
Greek Mediterranean Index (GMI) was based on the Mediterranean diet scale [52]. The
GMI scoring was based on the intake of 9 items: vegetables, legumes, fruit and nuts, dairy
products, cereals, meat and meat products, fish and alcohol. Participants were classified
according to the intake above or below the median value: the range of possible scores
is 0–9, with higher scores indicating greater adherence. The Italian Mediterranean Index
(IMI) was developed by adapting the GMI to typical Italian eating behavior [25]. The score
was based on the intake of 11 items: 6 specific Mediterranean foods or food groups (pasta;
typical Mediterranean vegetables, such as raw tomatoes, leafy vegetables, onion and garlic,
salad, and fruiting vegetables; fruit; legumes; olive oil and fish), 4 non-Mediterranean foods
(soft drinks, butter, red meat and potatoes) and alcohol consumption. Participants were
classified according to tertiles of intake of each component, and one point was given for
consumption of each typical Mediterranean food in the upper tertile and for consumption
of each non-Mediterranean food in the lower tertile; alcohol received 1 point for intake up
to 12 g/day; abstainers and persons who consumed >12 g/day did not receive any points.
The range of possible scores was 0–11 [50]. Finally, the MIND diet score was based on the
intake of 15 items, namely, whole grains, green leafy and other vegetables, berries, red
meat, poultry, fish, legumes, nuts, fast/fried food, olive oil and other fats, cheese, sweets
and alcohol/wine. Scores ranged from 0 to 15, with higher scores representing greater
adherence [49].

2.3. Blood Biochemical and Metabolic Parameter Measurements

We collected fasting blood samples in the morning at the Reggio Emilia AUSL-IRCCS
Transfusion Medicine Unit. We analyzed them on collection day at the central AUSL-
IRCCS laboratory. We assessed the following metabolic parameters using automated
laboratory procedures as previously described [44]: complete blood count, including mean
corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), red blood cell distribution width (RDW), reticulocyte
count, platelet count (PLT), white blood cell or leukocyte count, hemoglobin (Hb), ferritin,
blood glucose, alanine aminotransferase (ALT) and lipid profile (total cholesterol, HDL-
cholesterol, triglycerides); creatinine; and total protein. In particular, we quantified the
total cholesterol, HDL cholesterol, triglyceride and glucose levels using an AEROSET
c8000 system (Abbott Diagnostic, IL, USA) [53]. We calculated levels of LDL cholesterol
through the Friedewald formula. We used an Atellica® analyzer (Siemens Healthcare
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Diagnostic, NY, USA) to quantify TSH levels [54]. To determine ALT concentration, we
used an automated enzymatic colorimetric assay [44]. Laboratory reference values for
biochemical parameters are shown in Table S1. Finally, we collected a urine sample and
excluded those with cotinine levels >30 µg/L, which was deemed inconsistent with a
self-declared non-smoking status [55,56].

2.4. Risk of Major Cardiovascular Diseases

We evaluated cardiovascular risk using the Cardiovascular Risk Chart tool made
available by the CUORE project of the National Italian Institute of Health [57]. Specifically,
we used the online tool (https://www.cuore.iss.it/valutazione/calc-rischio, accessed on
30 April 2022) to estimate the 10-year risk of major CVDs through the values of certain
individual factors: sex, age, systolic blood pressure levels, total and HDL cholesterol levels,
presence of diabetes and smoking habits.

2.5. Data Analysis

Adherence to the investigated dietary patterns was determined through a previously
developed routine from the amount and frequency of consumption of the individual
components assessed through the FFQ [49,50]. We modeled the relation between adherence
to the investigated dietary patterns and the biochemical and metabolic parameters using
restricted cubic spline regression multivariable analysis with three knots at fixed cutpoints
(10th, 50th and 90th percentiles) to evaluate the possible nonlinear association according to
Harrell’s recommendations [58]. We used a multivariable model adjusted for the following
variables: age, sex, BMI, urinary cotinine, alcohol intake, fiber intake and total energy
intake. Similarly, we assessed the relation between adherence to dietary patterns and the
10-year risk of major cardiovascular events using the same spline regression analysis with
three knots at fixed cutpoints and using a multivariable model adjusted as before but
excluding sex, which is already included in the 10-year CVD risk calculation. We used
STATA-SE statistical software (Version 17.0, Stata Corp., College Station, TX, USA, 2021) for
all data processing and analysis, using ‘mkspline’ and ‘xbrcsplinei’ commands.

3. Results
3.1. Characteristics of the Study Population

We recruited 148 subjects; after excluding four individuals who did not provide
informed consent and a further seven individuals who were current smokers based on
cotinine levels ≥30 µg/L, our population eventually comprised 137 healthy blood donors,
62 men and 75 women, whose main characteristics are summarized in Table 1. The mean age
was 47.4 (46.8 for men/47.9 for women). The age distribution shows that 58.4% of recruited
subjects were <50 years and 41.6% were ≥50; we observed a predominance of men under
the age of 50 years (62.9% of men compared to 54.7% of women) and a predominance of
women over 50 years of age (37.1% vs. 45.3%). Regarding BMI, half of the participants were
a normal weight (54.0%), 36.5% overweight and 9.5% obese. Women showed slightly higher
values than men regarding the percentage of normal weight (56% versus 51.6%) and lower
for overweight (30.7% versus 43.6%). However, women accounted for more than double
the percentage of obese subjects (13.3% versus 4.8%). In our sample of 137 individuals,
101 were never smokers and 36 were former smokers, of which 17 were men and 19 were
women. The mean count of years of smoking for former smokers was 12.7 (SD 10.4), and
the mean count of years since quitting smoking was 17.6 (SD 11.2). In general, similar
values for smoking habits were observed for both sexes. The highest educational level was
a high-school diploma or more in 84% of subjects (48.2% high-school diploma and 35.8%
college or more, respectively), while the remainder were educated at middle and primary
school levels. Lastly, the occupations with the highest percentages were clerical support
workers (31.4%), professionals (19%) and technicians/associate professionals (15.3%); all
other occupations were below 10%, including managers (6.6%), service and sales workers

https://www.cuore.iss.it/valutazione/calc-rischio
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(8%), craft and related trades workers (7.3%), plant and machine operators (8%) and
elementary occupations (4.4%).

Table 1. Characteristics of the study population. Values are numbers and percentages (%) when not
otherwise reported.

Characteristics
Total Men Women

N % N % N %

All subjects 137 100 62 45.3 75 54.7
Age (years) 1 47.4 7.5 46.8 7.5 47.9 7.5

<50 years 80 58.4 39 62.9 41 54.7
≥50 years 57 41.6 23 37.1 34 45.3

Body mass index (kg/m2) 1 25.0 3.5 25.1 2.9 25.0 4.0
<25 74 54.0 32 51.6 42 56.0

≥25–<30 50 36.5 27 43.6 23 30.7
≥30 13 9.5 3 4.8 10 13.3

Smoking habits
Never 101 73.7 45 72.6 56 74.7

Former 36 26.3 17 27.4 19 25.3
Urinary cotinine (µg/L) 1 0.9 2.4 0.9 3.2 0.9 1.5

Marital status
Married/unmarried partner 97 70.8 44 71.0 53 70.7

Single 26 19.0 12 19.4 14 18.7
Separated/divorced 14 10.2 6 9.6 8 10.7

Educational level
Elementary school 2 1.5 2 3.2 - -

Middle school 20 14.6 8 12.9 12 16.0
High school 66 48.2 28 45.2 38 50.7

College or more 49 35.8 24 38.7 25 33.3
Occupation (ISCO) 2

Managers 9 6.6 6 9.7 3 4.0
Professionals 26 19.0 12 19.4 14 18.7

Technicians/associate
professionals

21 15.3 11 17.7 10 13.3

Clerical support workers 43 31.4 12 19.4 31 41.3
Service and sales workers 11 8.0 2 3.2 9 12.0

Craft and related trades workers 10 7.3 8 12.9 2 2.7
Plant and machine operators 11 8.0 8 12.9 3 4.0

Elementary occupations 6 4.4 3 4.8 3 4.0
1 Mean (standard deviation); 2 ISCO, international standard classification of occupations.

3.2. Blood Biochemical and Metabolic Parameters

Table 2 presents the median and interquartile range of blood biochemical and metabolic
parameters according to sex. The complete blood count shows all the parameters examined
within the reference values; blood glucose shows a median value of 86 mg/dL with 81–91
of IQR; all parameters show minimal differences between the two sexes. Total cholesterol
of the entire sample recorded a median value of 204 mg/dL (slightly above the maximum
recommended value of 200 mg/dL) with values referring to the first and third quartiles of
184 and 224 mg/dL, respectively. In particular, women showed higher values than men:
210 versus 192 mg/dL. The median value of HDL cholesterol was 59 mg/dL in the whole
sample: 52 for men and 67 mg/dL for women.
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Table 2. The median and interquartile range of dietary pattern and blood biochemical and
metabolic parameters.

Biochemical Parameters
Total (N = 137) Men (N = 62) Women (N = 75)

50th IQR 50th IQR 50th IQR

WBC count (103/µL) 5.50 (4.90–6.10) 5.15 (4.70–5.70) 5.60 (5.00–6.40)
Neutrophils (103/µL) 3.02 (2.52–3.55) 2.78 (2.34–3.26) 3.21 (2.76–3.95)

Lymphocytes (103/µL) 1.78 (1.47–2.05) 1.69 (1.44–2.04) 1.84 (1.47–2.08)
Monocytes (103/µL) 0.40 (0.33–0.49) 0.40 (0.35–0.51) 0.39 (0.32–0.46)
Eosinophils (103/µL) 0.15 (0.09–0.21) 0.14 (0.09–0.22) 0.15 (0.09–0.21)
Basophils (103/µL) 0.06 (0.04–0.08) 0.06 (0.05–0.07) 0.06 (0.04–0.08)
RBC count(166/µL) 4.7 (4.5–4.9) 4.8 (4.6–5.2) 4.5 (4.3–4.8)
Hemoglobin (g/dL) 14.2 (13.5–15.0) 14.8 (14.2–15.5) 13.6 (13.2–14.5)

Hematocrit (%) 41.2 (39.5–43.6) 42.9 (41.0–45.0) 40.2 (38.8–41.9)
MCV (fL) 88.2 (85.9–90.8) 87.8 (85.4–90.2) 88.4 (86.0–91.3)
MCH (pg) 30.4 (29.5–31.4) 30.5 (29.7–31.6) 30.2 (29.3–31.3)

MCHC (g/dL) 34.2 (33.6–35.1) 34.8 (33.9–35.5) 33.9 (33.3–34.8)
RDW (%) 11.7 (11.3–12.3) 11.6 (11.3–12.1) 11.8 (11.3–12.3)

PLT (109/L) 230 (197–264) 223 (189–248) 237 (208–269)
MPV (fL) 8.0 (7.0–8.5) 7.8 (7.0–8.4) 8.0 (7.0–9.0)

Glycemia (mg/dL) 86 (81–91) 88 (82–94) 85 (79–89)
Total cholesterol (mg/dL) 204 (184–224) 192 (177–219) 210 (192–227)
HDL cholesterol (mg/dL) 59 (51–69) 52 (46–59) 67 (57–73)
LDL cholesterol (mg/dL) 124 (109–144) 120 (101–142) 125 (112–146)

Triglycerides (mg/dL) 78 (61–114) 85 (67.5–137) 72 (58–106)
ALT (U/L) 27 (22–35) 30 (26–43) 24 (20–29)

TSH (mU/mL) 1.60 (1.18–2.21) 1.75 (1.13–2.33) 1.54 (1.25–2.16)
Creatinine (mg/dL) 0.83 (0.73–0.93) 0.92 (0.84–1.01) 0.74 (0.68–0.82)

Ferritin (ng/mL) 36.39 (20.52–61.89) 47.43 (25.85–80.12) 30.37 (17.37–48.43)
Total protein (g/dL) 7.10 (6.80–7.40) 7.15 (6.90–7.45) 7.10 (6.70–7.30)

Systolic blood pressure (mmHg) 120 (115–120) 120 (120–125) 120 (115–120)
Diastolic blood pressure (mmHg) 80 (75–80) 80 (75–80) 75 (75–80)

Both results are above the recommended values of 50 mg/dL, while a median LDL
cholesterol value of 123.9 mg/dL was found in the whole sample, which is slightly above
the recommended mean of 120 mg/dL. In both sexes, LDL cholesterol levels were in the
normal range for the first quartile, while the levels were different for the third quartile
(141.80 mg/dL for men and 145.80 mg/dL for women). Triglyceride levels had a median
value of 78 mg/dL, completely in the range of normal values. Ferritin had a median
value of 36.39 ng/mL; thus, in the normal range, men showed higher levels than women
(47.43 ng/mL vs. 30.37 ng/mL). All other parameters showed values within the normal
ranges with no substantial differences shown by the sex-stratified analysis.

3.3. Dietary Habits

The intake of foods divided into the main categories is presented in Table S2. The over-
all mean energy intake was 2039 Kcal/day, higher in men than in women (2190 Kcal/day
and 1915 Kcal/day). The mean intake of specific food categories was similar in both sexes,
except for the slightly lower consumption by women of cereal products (240.2 g/day vs.
190.7 g/day), bread and rolls (108.0 g/day vs. 77.9 g/day), meat (88.0 g/day vs. 59.5 g/day)
and beverages (mainly due to wine: 132.8 g/day vs. 56.8 g/day). In comparison, men had
a lower consumption of milk and dairy products (167.2 g/day vs. 191.0 g/day), coffee and
tea (126.5 g/day vs. 139.1 g/day) and a slightly lower intake of vegetables (145.3 g/day vs.
180.4 g/day).

In Table 3, we present the distribution of adherence to dietary patterns. In relation to
the DASH diet, we found a median adherence value of 24 (IQR: 21–28). For the GMI, the
median adherence value was 4 (IQR: 3–6) with a substantially identical score (median 4,
IQR: 3–5) for the IMI. For the MIND diet, the median adherence value was 7.5 (IQR: 6.5–8.5).
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We found a comparable score for adherence to dietary patterns in both sexes, except for the
higher score in women than men (27 versus 22) for the DASH diet. Figure S1 reports the
spline regression analysis for the correlation between the indices of adherence to dietary
patterns. All the indices investigated were positive and almost linearly correlated with
each other.

Table 3. The median and interquartile range of dietary pattern adherence in the study population.
Data are median (50th) and interquartile range (IQR).

Dietary
Pattern

Total (N = 137) Men (N = 62) Women (N = 75)

50th IQR 50th IQR 50th IQR

DASH diet 24 (21–28) 22 (19–25) 27 (22–29)
GMI 4 (3–6) 4 (3–5) 4 (3–6)
IMI 4 (3–5) 4 (3–5) 4 (3–6)

MIND diet 7.5 (6.5–8.5) 7.5 (6.5–8.0) 8.0 (7.0–9.0)
Abbreviations: DASH: the Dietary Approaches to Stop Hypertension diet; GMI: the Greek Mediterranean Index;
IMI: the Italian Mediterranean Index; MIND: the Mediterranean-DASH Intervention for Neurodegenerative
Delay diet.

3.4. Spline Regression Analysis between Dietary Pattern and Biochemical and
Metabolic Parameters

The spline regression analysis for the associations between adherence to dietary
patterns and blood cell counts and biochemistry is reported in Figures S2–S5. Red blood cell
count, hemoglobin and hematocrit were almost entirely inversely correlated with all dietary
patterns. There was an inverted U-shaped relation between platelets and DASH (direct
association up to a score of 25, inverse above that) and MIND (slight direct association up
to the score of 8, inverse above that). In contrast, null associations emerged between the
GMI and IMI, though for the latter an inverse relation was observed for scores above eight.

No substantial differences emerged in the analysis stratified by sex (Figures S6–S21)
with some exceptions. For the DASH diet, the relation with hemoglobin was almost linear,
while in men it decreased above high levels of adherence (>25) only. In addition, the
inverted U-shaped relation between DASH and platelets was confirmed in men, while a
linear increase can be noted in women (Figures S6 and S7).

The spline regression analysis for the association between adherence to dietary pat-
terns and metabolic parameters is presented in Figures 1–4. For glycemia, no substantial
association was found for any of the patterns, while total cholesterol showed an inverse
association for scores above median values for DASH (≥25), GMI (≥4) and IMI (≥4). Con-
versely, an inverse linear association emerged for the MIND diet. HDL cholesterol was
found to be directly associated, almost linearly, with increasing scores of the DASH diet and
the IMI. At the same time, the relation was almost null for the GMI and U-shaped for the
MIND diet, slightly decreasing at below-median adherence and again increasing for scores
above it. For LDL cholesterol, we found comparable results for all dietary patterns with
inverse associations, especially for scores indicating high adherence, except for the DASH
diet, with a slight but imprecise increase up to the median score (25), after which they
started to decrease. Similarly for triglyceride levels, we found an almost inverse association
for the IMI and MIND diet but null with the GMI and comparable to the shape of LDL
cholesterol for the DASH diet. ALT showed a U-shaped association with the DASH diet
(inverse up to a score of 25 and direct above that). Likewise, for the GMI diet, an increase
in ALT was noted but only for high scores (≥4), while both the MIND diet and the IMI
showed an almost null association. TSH showed an inverse relation with the DASH and
MIND diets, while the relation was almost null with a slight decrease for high adherence
scores for the GMI and U-shaped for the IMI with the median value (4) being the turning
point of the curve. Creatinine showed a U-shaped relation with the DASH and IMI diets,
with an inverse relation up to median adherence values. Conversely, the GMI was inversely
associated, while the MIND diet had an almost null association. Ferritin showed a nearly
linear direct association with all patterns except for the GMI, the latter demonstrating a null
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relation. In addition, a plateau was reached at a higher adherence score for the DASH diet.
Total protein levels showed inverse associations with all dietary patterns, especially at high
adherence scores for the MIND diet, while the effects seemed to wane for the DASH diet.
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Figure 1. Spline regression analysis of the association between adherence to the Dietary Approaches
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energy intake, while shaded area represents confidence interval with upper and lower limits.
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Figure 2. Spline regression analysis of the association between adherence to the Greek Mediterranean
Index (GMI) and levels of metabolic parameters in the study population. Hollow and solid diamonds
indicate men and women, respectively. Solid line indicates multivariable analysis adjusted for age,
sex, body mass index, urinary cotinine, alcohol intake, fiber intake and total energy intake, while
shaded area represents confidence interval with upper and lower limits.
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Figure 3. Spline regression analysis of the association between adherence to the Italian Mediterranean
Index (IMI) and levels of metabolic parameters in the study population. Hollow and solid diamonds
indicate men and women, respectively. Solid line indicates multivariable analysis adjusted for age,
sex, body mass index, urinary cotinine, alcohol intake, fiber intake and total energy intake, while
shaded area represents confidence interval with upper and lower limits.
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Figure 4. Spline regression analysis of the association between adherence to the Mediterranean-DASH
Intervention for Neurodegenerative Delay (MIND) diet and levels of metabolic parameters in the
study population. Hollow and solid diamonds indicate men and women, respectively. Solid line
indicates multivariable analysis adjusted for age, sex, body mass index, urinary cotinine, alcohol
intake, fiber intake and total energy intake, while shaded area represents confidence interval with
upper and lower limits.
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Sex-stratified analyses are presented in Figures S14–S21, indicating overall similar
trends compared to the entire sample. The direct association between DASH and HDL-
cholesterol was steeper in women than men, while the association with triglyceride levels
was inverse in women for values >25 (Figures S14 and S15). Additionally, the U-shaped
relation between the DASH diet and IMI and creatinine was confirmed in women, while
a linear decrease was found in men (Figures S14, S15, S18 and S19). The inverse relation
between the MIND diet and triglyceride levels was steeper in women, while almost null in
men. Finally, for blood glucose we found a null association in men but an inverse one in
women (Figures S20 and S21).

3.5. Risk of Major Cardiovascular Events and Association with Dietary Pattern

Overall, the median 10-year risk of major cardiovascular events in the whole popu-
lation is 1% (IQR: 0.5–1.7%), more than double in men compared to women (1.7%, IQR
1.1–3.0% versus 0.6%, IQR 0.4–0.9%, respectively). The spline regression analysis performed
on the overall subjects showed an inverse relation between the DASH and MIND diets
and the 10-year risk of major CVDs, while the relation seems null for both the GMI and
IMI (Figure 5). Conversely, in the sex-stratified analysis, an inverse relation between all
dietary patterns with CVD risk can be observed in men, but only at high levels of adherence
(Figure S22). In contrast, the inverse relation in women is comparable, though not as strong
as in the overall population (Figure S23).
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Figure 5. Spline regression analysis of the association between adherence to dietary patterns (Dietary
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4. Discussion

Several foods and nutrients have been linked to CVDs, but their effects may be best
investigated by considering the overall dietary habits of individuals. Thus, we investi-
gated the association between adherence to four a priori-defined dietary patterns [25] and
biochemical and metabolic factors linked to the risk of CVDs, especially the lipid profile.

In this study, we found that the investigated population had an overall medium to
moderate adherence to the IMI and GMI as 50% of the study subjects scored four points in
accordance with other studies conducted on populations from the same area [59]. These
levels of adherence are in line with what has previously been described in other populations
residing in the same geographical area [60]. In particular, our results are comparable
with what has been described by studies conducted on other European populations [52],
according to the greater adherence found in women compared to men. Additionally, our
study shows a good adherence to the DASH dietary pattern with 50% of subjects scoring
between 21 and 28 points, also in line with previous studies [60]. The same can be observed
for the MIND diet, which showed a medium adherence rate with 50% of subjects scoring
between 6.5 and 8.5 points, substantially comparable with a previous Italian study [49], but
slightly higher compared to studies carried out on American populations [41,42].

In our study, we observed positive and almost linear associations between the adher-
ence to the four dietary patterns. Nonetheless, some differences emerged in their relation
with biochemical parameters. Such discrepancies may be explained by the specific features
of the DASH and MIND diets, namely, the low intake of sodium and of saturated fats,
also characterizing the Mediterranean diet but not specifically recommended as in the
other dietary regimens for the prevention of CVDs [35]. The increased adherence to the
Mediterranean diet was associated with decreased total and LDL cholesterol levels and is in
line with several studies indicating a 2% reduction in total cholesterol and a 1% reduction
in LDL cholesterol [61–63]. For HDL cholesterol and triglyceride values, our study showed
a direct correlation with increasing adherence to the Mediterranean pattern (IMI and GMI),
in line with what has been observed in previous studies [61,63–65]. On the contrary, the
increased adherence to the DASH diet showed a substantially null effect on HDL choles-
terol levels, in line with previous evidence [61,66,67]. However, a positive impact of the
DASH diet on both total and HDL cholesterol has also been described [68]. In addition, in
our study for the DASH diet we found a direct correlation between total cholesterol and
an improvement in the LDL fraction in line with previous studies [32,64,66,69]. Finally,
our results only partially confirmed the inverse association between the MIND diet and
reduced levels of HDL cholesterol [70], as such a relation emerged only at high levels of
adherence in our population.

Our findings agree with previous studies indicating that greater adherence to both
measurements of the Mediterranean diet (IMI and GMI) has a slightly positive impact on
CVDs compared with the DASH diet [61,65,66]. A greater adherence corresponds to a
reduction in cardiovascular risk of about 19% [24]. Thus, correlations between adherence
to dietary patterns and metabolic parameters showed that greater adherence to the DASH
and MIND diets might be effective in controlling specific parameters, especially the lipid
profile with total cholesterol and HDL and LDL cholesterol levels [68,70]; it has been
shown how the DASH diet can affect the lipid profile and consequently cardiovascular
risk [9,71,72] and reduce cardiovascular events only in subjects who adhere modestly or
totally to the recommended dietary plan and lifestyle [15]. Therefore, those who do not
comply fully with it maintain a very high cardiovascular risk [73]. Additionally, a recent
study suggested that subjects with a high MIND diet score have 12% lower odds of having
metabolic syndrome [70].

Regarding the 10-year risk of major CVDs, we found that most of the study subjects
had a very low risk (<4%), with only a few participants demonstrating a higher risk (6–7%).
In particular, it should be noted that the median values of total and LDL cholesterol (204
and 124 mg/dL) are slightly above the reference values (<200 and <120 mg/dL) with
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approximately half of the subjects having higher values, thus increasing their CVD risk,
especially for the few with very high levels.

The spline regression analysis between dietary patterns and risk of major CVDs
confirms the substantial beneficial effects in the overall population of higher adherence to
healthy dietary patterns, including the DASH [35,67], Mediterranean [23,24] and MIND [43]
diets. This finding is of particular interest since it has been found in a substantially healthy
population with almost all metabolic values within the reference values. For this reason, we
can hypothesize that additional and stronger beneficial effects could be achieved in subjects
who are disease-affected or at higher risk of developing CVDs due to out-of-reference
metabolic parameters.

The strengths of our study include the recruitment of a sample population from
the Emilia-Romagna region having similar characteristics compared with previously in-
vestigated communities within the study area [74,75]. In addition, for the evaluation of
dietary habits, we used a food questionnaire specifically validated for Northern Italy [76].
Although the dietary characteristics could be generally similar to those of other Italian
populations, some distinctive characteristics may be present due to the regional differences
that have been taken into account in the final version of the FFQ [77,78]. Another strength
is that it was possible to perform stratified analyses to highlight possible sex-specific effects,
as well as the minimal invasiveness of our study due to blood sampling that is already
part of a programmed annual pathway, where the participants are donors of blood and
derivatives [44]. In addition, recruitment was conducted over approximately two calendar
years (March 2017 to April 2019), so distortionary effects due to the season in which the
questionnaire was completed by participants could be partially ruled out, also because
the EPIC questionnaire contains specific questions that focus on the seasonality of foods
consumed, especially fruits and vegetables [79–81].

However, our study had limitations that should be mentioned. The study cross-
sectional design did not allow a causal interpretation of results because the participants
were recruited from the Reggio Emilia AUSL-IRCCS Transfusion Medicine Unit from
among blood donors and it was not possible to exclude the presence of a volunteer bias.
However, since the collection procedure did not add further invasive examinations to those
already scheduled as part of the blood donation, this should have minimized the risk of
selection bias for non-participation in the study. Finally, the sample size was relatively
small, thus affecting the statistical precision of the estimates.

5. Conclusions

This study provided a direct association between greater adherence to the DASH
and MIND diets and to a lesser extent to the GMI and IMI and levels of biochemical
parameters. Such improvements in blood biochemical and metabolic parameters focus
on the lipid profile of the related cardiovascular risk and possible implications for public
health. The results suggest that it may be possible to modify and improve the lipid profile,
reducing cardiovascular risk with a healthy and normal lifestyle, thus delaying the use of
pharmacological treatments.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/dietetics1020010/s1, Table S1: Laboratory reference ranges for
blood biochemical and metabolic parameters; Table S2: Mean and standard deviation of dietary
intake of foods and beverages of the overall population and divided by sex. Values are expressed
in g/day. Figure S1: Spline regression analysis of the associations between indices of adherence to
the different dietary patterns in the study population. Hollow and solid diamonds indicate men and
women, respectively (Dietary Approaches to Stop Hypertension-DASH diet; Greek Mediterranean
Index-GMI; Italian Mediterranean Index-IMI; Mediterranean-DASH Intervention for Neurodegenera-
tive Delay-MIND diet). Figure S2: Spline regression analysis of the associations between adherence to
the Dietary Approaches to Stop Hypertension (DASH) diet and blood cell count and biochemistry in
the study population. Hollow and solid diamonds indicate men and women, respectively. Figure S3:
Spline regression analysis of the associations between adherence to the Greek Mediterranean Index
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(GMI) and blood cell count and biochemistry in the study population. Hollow and solid diamonds
indicate men and women, respectively. Figure S4: Spline regression analysis of the associations
between adherence to the Italian Mediterranean Index (IMI) and blood cell count and biochemistry in
the study population. Hollow and solid diamonds indicate men and women, respectively. Figure S5:
Spline regression analysis of the associations between adherence to the Mediterranean-DASH In-
tervention for Neurodegenerative Delay (MIND) diet and blood cell count and biochemistry in the
study population. Hollow and solid diamonds indicate men and women, respectively. Figure S6:
Spline regression analysis of the association between adherence to the Dietary Approaches to Stop
Hypertension (DASH) diet and blood cell count and biochemistry in men. Figure S7: Spline regres-
sion analysis of the association between adherence to the Dietary Approaches to Stop Hypertension
(DASH) diet and blood cell count and biochemistry in women. Figure S8: Spline regression analysis of
the association between adherence to the Greek Mediterranean Index (GMI) and blood cell count and
biochemistry in men. Figure S9: Spline regression analysis of the association between adherence to
the Greek Mediterranean Index (GMI) and blood cell count and biochemistry in women. Figure S10:
Spline regression analysis of the association between adherence to the Italian Mediterranean Index
(IMI) and blood cell count and biochemistry in men. Figure S11: Spline regression analysis of the
association between adherence to the Italian Mediterranean Index (IMI) in women. Figure S12: Spline
regression analysis of the association between adherence to the Mediterranean-DASH Intervention
for Neurodegenerative Delay (MIND) diet and blood cell count and biochemistry in men. Figure S13:
Spline regression analysis of the association between adherence to the Mediterranean-DASH Inter-
vention for Neurodegenerative Delay (MIND) diet and blood cell count and biochemistry in women.
Figure S14: Spline regression analysis of the association between adherence to the Dietary Approaches
to Stop Hypertension (DASH) diet and levels of metabolic parameters in men. Figure S15: Spline
regression analysis of the association between adherence to the Dietary Approaches to Stop Hyper-
tension (DASH) diet and levels of metabolic parameters in women. Figure S16: Spline regression
analysis of the association between adherence to the Greek Mediterranean Index (GMI) and levels
of metabolic parameters in men. Figure S17: Spline regression analysis of the association between
adherence to the Greek Mediterranean Index (GMI) and levels of metabolic parameters in women.
Figure S18: Spline regression analysis of the association between adherence to the Italian Mediter-
ranean Index (IMI) and levels of metabolic parameters in men. Figure S19: Spline regression analysis
of the association between adherence to the Italian Mediterranean Index (IMI) and levels of metabolic
parameters in women. Figure S20: Spline regression analysis of the association between adherence
to the Mediterranean-DASH Intervention for Neurodegenerative Delay (MIND) diet and levels of
metabolic parameters in men. Figure S21: Spline regression analysis of the association between
adherence to the Mediterranean-DASH Intervention for Neurodegenerative Delay (MIND) diet and
levels of metabolic parameters in women. Figure S22: Spline regression analysis of the association
between adherence to dietary patterns (Dietary Approaches to Stop Hypertension-DASH diet; Greek
Mediterranean Index-GMI; Italian Mediterranean Index-IMI; Mediterranean-DASH Intervention for
Neurodegenerative Delay-MIND diet) and the 10-year risk of major cardiovascular events (10-year
CVD risk) in men. Figure S23: Spline regression analysis of the association between adherence to
dietary patterns (Dietary Approaches to Stop Hypertension-DASH diet; Greek Mediterranean Index-
GMI; Italian Mediterranean Index-IMI; Mediterranean-DASH Intervention for Neurodegenerative
Delay-MIND diet) and the 10-year risk of major cardiovascular events (10-year CVD risk) in women.
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