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Introduction: Cerebral small vessel disease (cSVD), including Cerebral Autosomal 
Dominant Arteriopathy with Subcortical Infarcts and Leukoencephalopathy 
(CADASIL) and Cerebral Amyloid Angiopathy (CAA), is a major cause of non-
sporadic stroke and cognitive impairment. Despite the recognized benefits of 
the Mediterranean Diet (MD) on cardiovascular and neurodegenerative diseases, 
its role in cSVD has not been yet investigated.
Methods: The DIETETICA study (“Effect of Mediterranean Diet on stroke 
incidence and cognitive impairment in patients with CADASIL and CAA”) aims to 
explore the association between MD adherence, stroke incidence and cognitive 
impairment in patients affected by CADASIL and CAA. During observational 
phase, 22 participants were recruited: 9 with CADASIL and 13 with CAA. 68.18% 
were male and 31.82% were female.
Results: According to the response obtained through a validated 14-item 
questionnaire, 63.63% of the total cohort had moderate adherence to MD, 
27.27% had low adherence, and 9.09% had high adherence. Differences in body 
composition, in terms of fat mass (FM) and fat-free mass (FFM), were observed 
between the two patient cohorts. Overall, the preliminary observations regarding 
dietary daily intake were characterized by inadequate of nutrients which are known 
to have neurovascular benefits, such as polyunsaturated fatty acids (PUFAs), calcium, 
potassium and vitamin D, for both CADASIL and CAA patients.
Conclusion: The present study will pave the way to the evaluation of the 
effects of MD pattern on cSVD, in order to provide evidence-based dietary 
recommendations aimed at reducing stroke incidence and cognitive impairment.
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Introduction

Cerebral small vessel disease (cSVD) represents a cluster of 
disorders affecting the small arteries, arterioles, venules, and capillaries 
of the brain, and refers to several pathological processes and etiologies 
(1). It is an important cause of stroke (25% of strokes are lacunar) and 
intracerebral hemorrhage. Rare heritable diseases have been identified 
as potential causes of cSVD, with Cerebral Autosomal Dominant 
Arteriopathy with Subcortical Infarcts and Leukoencephalopathy 
(CADASIL) being the most common form. It is an autosomal 
dominant disorder caused by pathogenic variants in the NOTCH3 
gene on chromosome 19 (2). CADASIL is characterized by alterations 
in small penetrating arteries, arterioles, and capillaries in the brain, 
leading to a non-atherosclerotic angiopathy that primarily affects the 
central nervous system; it manifests with migraine with aura, 
subcortical ischemic stroke, progressive cognitive impairment and 
mood disorders (3). However, age-related and hypertension-
associated cSVD, along with Cerebral Amyloid Angiopathy (CAA), 
represent the most prevalent forms of the disease (4). Particularly, 
CAA is an emerging not heritable cSVD characterized by the 
accumulation of amyloid fibrils in the walls of small-to medium-sized 
arterial blood vessels and in capillaries of the central nervous 
parenchyma and leptomeninges. CAA is a significant cause of lobar 
intracerebral hemorrhages (ICH), progressive cognitive impairment 
in elderly patients and, transient neurological episodes (TFNEs) (5–7). 
Although CADASIL and CAA differ in their underlying 
pathophysiology and histopathological characteristics, they share 
common clinical and molecular features: (1) both represent major 
etiologies of cSVD, with CADASIL being hereditary and CAA 
acquired (2, 7); (2) they are associated with similar clinical 
manifestations, including an increased risk of stroke, cognitive 
impairment, and intracerebral hemorrhage (8); (3) both conditions 
show abnormal accumulation of proteins within the vessel wall (7, 9); 
and (4) they display overlapping profiles in terms of protein expression 
and affected vascular cell types (10).

Ischemic and hemorrhagic strokes, the main clinical 
manifestations of CADASIL and CAA, respectively (2, 7), can 
contribute to malnutrition through a range of mechanisms, including 
motor deficits, cognitive impairment, altered consciousness, 
neurogenic vomiting, dysphagia, depression, and gastrointestinal 
dysfunction (11). Additionally, stroke patients are prone to secondary 
complications such as bone mineral density loss and sarcopenia (12).

Currently, there are no specific treatments available for either 
CADASIL or CAA. Clinical management is primarily aimed at 
preventing further cerebrovascular events by controlling conventional 
vascular risk factors such as hypertension, dyslipidemia and smoking 
(6, 13).

The Mediterranean Diet (MD) has been recognized for its 
beneficial effects in several conditions, including obesity, metabolic 
syndrome, hypertension, diabetes and cardiovascular disease (14–
18). Furthermore, several studies have highlighted a beneficial effect 
of MD on neurodegenerative diseases, such as Alzheimer’s and 
Parkinson’s diseases (19) as well as in reducing the incidence of both 
ischemic and hemorrhagic stroke (20). MD, which was common 
among Mediterranean populations in the 1950s, is characterized by 
high consumption of olive oil, fruits, vegetables, legumes, nuts, 
seeds, and unrefined grains, along with moderate-to-high 
consumption of fish and low consumption of red meat and 

sugar-sweetened products. These nutrients are recognized to 
improve endothelial function (21), a critical factor given that cSVD 
is fundamentally a disease of the small vessels where endothelial 
integrity is compromised. Furthermore, they possess anti-
inflammatory and antioxidant properties (22, 23) which are crucial 
in mitigating the chronic inflammatory state associated with 
cSVD. While recent studies on a general elderly population in 
Northern Italy (24), have confirmed an association between higher 
Mediterranean Diet adherence and better cognitive status, to our 
knowledge, no study has yet specifically investigated this link in 
high-risk clinical populations such as patients with CADASIL or 
CAA. The DIETETICA study aims to overcome the current lack of 
data by:

	•	 Phase I (observational): assessing anthropometric parameters, 
body composition as well as nutrition status in patients with 
CADASIL and CAA;

	•	 Phase II (interventional): evaluating the impact of the MD in 
patients with CADASIL and CAA, in order to provide evidence-
based dietary recommendations for this patient population.

Patients and methods

Study design

DIETETICA is a single-center study, structured in two different 
phases. Phase I is an observational phase, conducted between October 
2024 and March 2025. It aimed to collect comprehensive patient data, 
including anthropometric and body composition parameters, daily 
dietary intake with a particular focus on nutrients typical of the MD, 
physical activity levels, nutritional status and neuropsychological 
screening assessment.

Phase II, the interventional phase, is scheduled to take place 
from June 2025 to June 2026. It will consist of a randomized 
controlled clinical trial involving two intervention groups: one 
group will follow a MD supplemented with olive oil, while the other 
will follow a MD supplemented with dried fruits. These intervention 
groups will be  compared to a control group, which, for ethical 
reasons, will receive education on the benefits of a low-fat diet, 
given that all participants are at high risk for cerebrovascular 
events. These intervention groups will be compared to a control 
group, which, for ethical reasons, will receive education on the 
benefits of a low-fat diet, given that all participants are at high risk 
for cerebrovascular events. At the baseline of phase II, participants 
will undergo a re-assessment of anthropometric and body 
composition parameters, physical activity levels, adherence to the 
MD, and a more comprehensive neuropsychological evaluation. 
Follow-up visits will be  conducted on-site at 12 months, 
supplemented by monthly phone calls to support compliance and 
detect any new cerebrovascular events. To promote adherence, 
participants in the MD groups will receive education on the benefits 
of the MD along with a monthly menu including recipes. 
Participants in the control group will receive education on the 
benefits of a low-fat diet, with an emphasis on reducing both 
saturated and unsaturated fats.

For phase II, participants will be randomly assigned to one of the 
intervention groups using a 1:1:1 allocation ratio. Given the nature of 
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the dietary interventions, participants will be aware of their assigned 
group. To minimize bias, outcome assessors will be blinded to group 
allocation. This study is registered with ClinicalTrials.gov, 
NCT06933212.

A schematic representation of DIETETICA study design is 
reported in Figure 1.

Study population

All consecutive patients referring to the Cerebrovascular Diseases 
Unit at Fondazione I. R. C. C. S. Istituto Neurologico “C. Besta” with 
a diagnosis of CADASIL (confirmed by genetic analysis of NOTCH3 
gene) and possible/probable CAA (defined according to Boston 
Criteria 2.0) (25), were recruited.

Inclusion criteria were:

	•	 Age ≥18 years;
	•	 Clinical stability (no acute cerebrovascular events in the previous 

3 months);
	•	 Ability and willingness to adhere to a long-term dietary protocol;
	•	 Sufficient functional autonomy to manage daily food preparation 

or presence of a caregiver able to assist.

Exclusion criteria included:

	•	 Diagnosis of a major neurocognitive disorder, as defined by the 
Diagnostic and Statistical Manual of Mental Disorders 
(DSM-5-TR);

	•	 Inability to follow the assigned dietary intervention due to 
personal, family, or religious reasons, or any other circumstance 
(e.g., socioeconomic or health-related factors) that could interfere 
with adherence to the nutritional protocol;

	•	 Participation in another interventional trial or currently 
following a specific diet.

All participants were required to provide informed consent prior 
to study enrolment.

Clinical data collection

Anthropometric measurements and body 
composition

Anthropometric measurements are collected according to the 
conventional criteria and measuring procedures proposed by 
Lohman (26). All patients undergo the following anthropometric 
measurements: body weight (BW, kg), body height (BH, cm), body 
circumference (cm) and skinfold thickness (mm). All the 
measurements are performed on the non-dominant side of the body.

BW is measured using a digital floor scale (Seca 877, Seca 
Corporation), with an accuracy of 100 g, while participants wear only 
light underwear and after emptying their bladder. BH is measured 
closer to 0.1 cm using a vertical stadiometer. Body mass index (BMI) 
is calculated using the following formula: BMI = BW kg/BH m2. 
According to BMI participants are divided in four categories: 
underweight (BMI < 18.5 kg/m2), normal weight (BMI 18.5–24.9 kg/
m2), overweight (BMI 25.0–29.9 kg/m2) and obesity (BMI > 30.0 kg/ 
m2). Body circumference such as arm circumference (AC), waist 
circumference (WC), hip circumference (HC) and calf circumference 
(CC) are taken with a non-stretch tape. AC is measured at the 
mid-point between the acromion and the olecranon. WC is measured 
at the mid-point between the lower rib margin and the superior 
anterior iliac spine to the nearest 0.5 cm. HC and CC are measured 
at the level of the widest point of the hips and calves, respectively.

Skinfold thickness is measured by GIMA skinfold caliper (GIMA 
27320, Gima S.p. A., Gessate, Italy) with a sensitivity of 0.2 mm and 
constant pressure of 10 g/sq. mm. Four skinfolds are taken: biceps, 
triceps, subscapular, and suprailiac. Each skinfold thickness is 
measured 3 times and the mean value is calculated. Body density and 
fat mass (% of BW; FM) are calculated using the Durnin and 
Womersley method and by Siri formula (27, 28), respectively. Fat mass 
(FM) is then converted to kilograms, which allow for the estimation 
of fat-free mass (FFM) in kilograms. This method provides a reliable 
and practical estimation of body composition in a clinical setting, 
although it is recognized to have lower precision compared to imaging 
techniques such as dual-energy X-ray absorptiometry (DEXA). To 

FIGURE 1

Representative framework of the DIETETICA study design.
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minimize measurement variability and ensure data consistency, all 
anthropometric measurements were performed by the same trained 
nutritionist with a low intra-operator technical error of measurement. 
This standardized approach enhances the reliability of body 
composition estimation via the skinfold method within our study.

Physical activity level and risk of 
malnutrition

Physical activity level is assessed using the validated 7-item 
International Physical Activity Questionnaire (IPAQ), which evaluates 
activity over the past 7 days (29). Activity volume is calculated by 
weighting each activity type according to its energy expenditure, 
expressed in metabolic equivalents (METs), and the total daily METs 
for each patient is determined. Through METs calculations, the 
physical activity level is estimated, enabling the estimation of total 
daily energy expenditure (TDEE) using the basal metabolic rate 
(BMR) determined by Harris-Benedict formula (30).

Mini Nutritional Assessment (MNA) is used to identify 
malnourished patients or those at risk of malnutrition in elderly 
individuals in clinics, hospitals and nursing homes (31). MNA is a 
validated test of 18 multiple choice questions divided into two parts. 
A final score which indicates the level of the risk of malnutrition (low, 
medium or high), is obtained. A score between 24 and 30 indicates an 
adequate nutritional status, 17–23.5 shows a risk of malnutrition and 
a value < 17 is an indicator of malnutrition or poor nutritional status.

Nutritional assessment

Dietary data, including all the foods consumed by patients and their 
respective quantities, are obtained using a 7-day food record (7-dFR). 
The dietary records are analyzed using MetaDieta software (version 
4.7.1), which provides the average daily intake of energy, protein, 
carbohydrates, fiber, total fat, saturated fatty acids (SFAs), 
monounsaturated fatty acids (MUFAs), polyunsaturated fatty acids 
(PUFAs), including ω-6 and ω-3 PUFAs, as well as eicosapentaenoic 
acid (EPA) and docosahexaenoic acid (DHA). Additionally, the average 
daily intake of minerals (calcium, potassium, iron, phosphorus, 
sodium), fat-soluble vitamins (vitamins A, D, E) and water-soluble 
vitamins (vitamins C, B9, B12) is also assessed. Nutritional adequacy is 
evaluated using the Nutritional Adequacy Ratio (NAR), which expresses 
the individual’s intake of a nutrient as a percentage of the corresponding 
Italian Dietary Reference Values (DRVs) for that nutrient (32). 
Specifically, to calculated the NAR, values such as Population Reference 
Intake (PRI), Suggested Dietary Targets (SDT), Average Requirement 
(AR) and Reference Intake (RI) are considered. When PRI is not 
available for a nutrient, Adequate Intake (AI) values are used instead. 
As any ratio, a NAR equal to 1 indicates that the individual meets the 
established requirement for that nutrient.

Adherence to Mediterranean Diet

Adherence to MD is assessed using Mediterranean Diet 
Adherence Screener (MEDAS), a validated 14-item questionnaire 
(33). Briefly, one point is attributed for each of the following: (1) olive 

oil as the main cooking fat; (2) olive oil ≥ 4 tablespoons/day; (3) 
vegetables ≥ 2 servings/day (≥1 portion raw or on salad); (4) fruit ≥3 
servings/day; (5) red or processed meat <1 serving/day; (6) butter or 
cream or margarine <1/day; (7) sugar-sweetened beverages <1/day; 
(8) wine ≥3 glasses/week; (9) legumes ≥3 servings/week; (10) fish/
seafood ≥3 servings/week; (11) commercial sweets and confectionery 
<3/week; (12) nuts ≥ 1/week; (13) white more than red meats (yes) 
and; (14) use of soffritto ≥2/week. A total MEDAS score is calculated 
by summing the points from all items, obtaining a score ranging from 
0 to 14. Subjects with scores above 9 are classified as having high 
adherence to the MD, those scoring between 6 and 8 have moderate 
adherence, and scores below 6 indicate low adherence.

Clinical and neuropsychological 
assessment

In phase I, global cognition is assessed through the Italian version 
of Montreal Cognitive Assessment Scale (MoCA) screening test, 
performed by a qualified neuropsychologist blinded to the study.

During phase II of the study, patients undergo a more comprehensive 
neuropsychological assessment. Global cognitive functioning is 
re-evaluated using the MoCA, while executive functions are assessed 
with the Frontal Assessment Battery (FAB). Verbal short-term memory 
is evaluated using the Word Span test, whereas visuospatial short-term 
memory is assessed with the Corsi Block-Tapping Test. Verbal long-term 
memory is examined through the Babcock Story Recall Test. Working 
memory is assessed using the Digit Span Backward test. To evaluate 
executive-attentional functions, the Attentive Matrices test and the Trail 
Making Test (TMT), parts A and B, are administered, including an 
analysis of the difference between the two parts. In addition, phonemic 
fluency is assessed to investigate language-related aspects and executive 
functioning. Finally, to further explore the presence of mood disorders, 
a self-report questionnaire is administered: either the Geriatric 
Depression Scale (GDS) or the Beck Depression Inventory-II (BDI-II), 
depending on the patient group or age.

Data management

In accordance with national and international privacy and 
anonymization regulations, all these data were stored in an electronic, 
password-protected database. This database was developed using 
REDCap (Research Electronic Data Capture), a secure web-based 
platform designed for database creation and management. Data 
collection form for phase I can be found in the Supplementary materials.

Ethics statement

Study design has been approved by the local Ethics Committee 
(Lombardy 4) on November 4, 2024. DIETETICA study is conducted 
in accordance with the principles outlined in the World Medical 
Association Declaration of Helsinki. Written informed consent for 
participation and clinical data collection was obtained from all 
patients or their legal representatives prior to inclusion. All patient 
data are handled in compliance with applicable data protection 
regulations to ensure confidentiality and privacy.
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Statistical data analysis

Preliminary results were obtained using appropriate statistical 
models based on the type of variable. Descriptive statistics are presented 
as mean ± standard deviation (M ± SD) for continuous variables and as 
percentages (%) for categorical variables. The chi-squared test was 
applied to categorical variables, calculated using GraphPad Prism 8 
(GraphPad Software, Inc., San Diego, CA). Continuous variables were 
analyzed using the Student’s t-test for independent samples. Statistical 
significance was set at p < 0.05 for all tests. p-values are represented as 
follows: * < 0.05; ** < 0.01; *** < 0.001. Missing data were handled using 
multiple imputation techniques to maintain the integrity of the analyses. 
The analysis of the 7-dFR was conducted through MetaDieta software 
(version 4.7.1; METEDA S.r.l.).

Preliminary results

CADASIL group–risk factors and body 
composition

We collected 9 CADASIL patients, predominantly female patients 
(66.66%), with mean age at recruitment of 61 ± 7.16 years. 

Hypercholesterolemia and hypertriglyceridemia were observed in 33.33 
and 22.22% of patients, respectively, while only one patient (11.11%) had 
hypertension. Smoking history revealed that 33.33% were non-smokers, 
44.44% former smokers, and 22.22% current smokers. Alcohol 
consumption was generally low, with 77.77% consuming alcohol less 
than twice per week and none exceeding six weekly episodes. No 
hemorrhagic strokes were recorded in this group. Ischemic strokes and 
transient ischemic attacks (TIA) were reported in 22.22 and 11.11% of 
cases, respectively. Cognitive function appeared relatively preserved, with 
88.88% of patients classified as non-compromised and only one patient 
(11.11%) within borderline results. Demographic data, risk factors, and 
clinical characteristics of the enrolled CADASIL participants are reported 
in the second column of Table 1.

CADASIL patients presented a mean body weight of 70.8 ± 11.9 kg, 
body height of 165.8 ± 11.7 cm, and BMI of 25.8 ± 2.5 kg/m2. Most patients 
were of normal weight (55.55%), with 33.33% overweight and one patient 
(11.11%) classified as obese. Anthropometric circumferences attested a 
mean arm circumference of 29.1 ± 2.7 cm, waist 97.2 ± 5.8 cm, 
hip  99.8 ± 6.6 cm, and calf 43.3 ± 19.7 cm. Skinfold thickness 
measurements were as follows: biceps 10.4 ± 3.5 mm, triceps 
17.1 ± 6.0 mm, subscapular 17.5 ± 4.4 mm, and suprailiac 18.8 ± 4.6 mm. 
FM was 23.9 ± 3.6 kg, while FFM was 46.8 ± 10.6 Kg. Most participants 
showed low (22.22%) to moderate (33.33%) physical activity levels. 

TABLE 1  Demographic, clinical, and risk factor features of patients enrolled in DIETETICA study.

Total cohort (n = 22) CADASIL (n = 9) CAA (n = 13) p-value

Demographic data

Male, n 15 (68.18) 3 (33.33) 12 (92.30) 0.003**

Female, n 7 (31.81) 6 (66.66) 1 (7.69) 0.003**

Age at recruitment, M ± SD (years) 67 ± 9.02 61 ± 7.16 71 ± 8.02 0.006**

Risk factors

Hypercholesterolemia, n (%) 7 (31.81) 3 (33.33) 4 (30.76) 0.898

Hypertriglyceridaemia, n (%) 3 (13.63) 2 (22.22) 1 (7.69) 0.328

Hypertension, n (%) 8 (36.36) 1 (11.11) 7 (53.84) 0.040 *

Smoking

Non-smokers, n (%) 11 (50) 3 (33.33) 8 (61.53) 0.193

Former smoker, n (%) 9 (40.90) 4 (44.44) 5 (38.46) 0.778

Smokers, n (%) 2 (9.09) 2 (22.22) 0 (0) N.A.

Alcohol consumption

<2 times per week, n (%) 15 (68.18) 7 (77.77) 8 (61.53) 0.421

2/6 times per week, n (%) 4 (18.18) 2 (22.22) 2 (15.38) 0.682

>6 times per week, n (%) 3 (13.63) 0 (0) 3 (23.07) N.A.

Previous cerebrovascular events

Hemorrhagic stroke, n (%) 10 (45.45) 0 (0) 10 (76.93) N.A.

Ischemic stroke, n (%) 2 (9.09) 2 (22.22) 0 (0) N.A.

TIA, n (%) 3 (13.63) 1 (11.11) 2 (15.38) 0.773

Cognitive function

Compromised, n (%) 4 (18.18) 0 (0) 4 (30.76) N.A.

Within the limits, n (%) 3 (13.63) 1 (11.11) 2 (15.38) 0.773

Non-compromised, n (%) 15 (68.18) 8 (88.88) 7 (53.84) 0.082

TIA: transient ischaemic attacks. The two-tailed t-test was applied to detect any statistically significant differences between the groups; *p < 0.05; **p < 0.01; N.A.: Not Applicable. Values in 
bold indicate statistically significant differences (p < 0.05).

https://doi.org/10.3389/fnut.2025.1682134
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Strazzabosco et al.� 10.3389/fnut.2025.1682134

Frontiers in Nutrition 06 frontiersin.org

Nutritional status was adequate in 66.66%, with no cases of poor nutrition. 
Regarding adherence to the MD, 66.66% of patients exhibited moderate 
adherence, while only one patient (11.11%) demonstrated high adherence. 
Anthropometrical measurements, body composition, and nutritional 
status of the enrolled CADASIL participants are reported in the second 
column of Table 2.

CAA group–risk factors and body 
composition

The CAA patient group (n = 13) had a mean age at recruitment 
of 71 ± 8.02 years, and the majority of patients were male (92.30%). 
The most prevalent vascular risk factor was hypertension, present 
in 53.84% of cases, followed by hypercholesterolemia (30.76%) and 
hypertriglyceridemia (7.69%). No active smokers were reported, 
whereas 38.46% were former smokers and 61.53% had never 
smoked. Regarding alcohol consumption, 61.53% reported drinking 
less than twice per week, while 15.38% drank 2–6 times weekly and 
23.07% consumed alcohol more than 6 times per week. 
Hemorrhagic stroke was the most frequent cerebrovascular event, 
affecting 76.93% of patients, while no Ischemic strokes were 
reported. Transient Ischemic attacks (TIA) occurred in 15.38% of 
cases. Cognitive function was classified as compromised in 30.76%, 
impaired but with borderline results in 15.38%, and 
non-compromised in 53.84% of patients. Demographic data, risk 
factors, and clinical characteristics of the enrolled CAA patients are 
reported in the third column of Table 1.

Cerebral amyloid angiopathy patients had a mean body weight of 
74.4 ± 10.8 kg, body height of 173.1 ± 7.6 cm, and a mean BMI of 
24.8 ± 3.9 kg/m2. Based on BMI classification, 69.23% of participants 
were of normal weight, 23.07% overweight, and 7.69% obese. Body 
circumference measurements revealed mean values of 28.1 ± 2.7 cm for 
the arm, 98.8 ± 9.7 cm for the waist, 102.5 ± 7.2 cm for the hip, and 
34.8 ± 3.5 cm for the calf. Skinfold thickness values were 6.3 ± 2.7 mm at 
the biceps, 10.6 ± 5.0 mm at the triceps, 14.0 ± 4.1 mm at the subscapular 
site, and 15.7 ± 7.8 mm at the suprailiac site. FM averaged 19.3 ± 6.0 kg, 
while FFM was 51.1 ± 6.7 kg. Physical activity levels were predominantly 
low, with 61.56% of participants reporting less than 700 METs/week, 
while only one patient exceeded 2,520 METs/week. Nutritional status 
was adequate in most of patients (53.84%), whereas 38.46% were at risk 
of malnutrition, and one patient showed poor nutritional status. 
According to the MEDAS score, the majority of participants (61.53%) 
demonstrated moderate adherence to MD, while only one patient 
(7.69%) showed high adherence to this dietary pattern. Anthropometrical 
measurements, body composition, and nutritional status of the enrolled 
CAA participants are reported in the third column of Table 2.

Description of daily dietary nutrient intake 
and nutritional adequacy ratio (NAR)

Table 3 shows the mean and standard deviation (M ± SD) of 
average daily intakes of energy, protein, available carbohydrates, fiber 
and total fats, as well as minerals (calcium, potassium, iron, 
phosphorus, sodium) and vitamins (A, D, E, C, B9, B12), for the whole 
study cohort. No statistically significant differences were observed 
between CADASIL and CAA patients in terms of daily energy intake 
and distribution across macronutrients and micronutrients.

CADASIL group—nutritional adequacy ratio

In CADASIL patients, daily energy intake (kcal/d) and fiber intake 
(%En) were inadequate, with median NARs of 0.80 and 0.86, 
respectively. Conversely, protein intake (g/kg x d) and available 
carbohydrate intake (%En) exceeded DRVs. The intake of total fats 
(%En), SFAs (%En), and MUFAs (%En) was notably higher than 
recommended levels, as reflected by median NARs of 1.55, 1.41, and 
1.56, respectively. However, none of the patients reached the DRVs for 
total PUFAs (%En), PUFAs ω-6 and ω-3, EPA (mg/d), and 
DHA (mg/d).

Approximately 70 and 60% of CADASIL patients had phosphorus 
(mg/d) and sodium (g/d) intakes exceeding DRVs, with median NARs 
of 1.13 and 1.23, respectively. In contrast, none of the patients achieved 
recommended intake levels for calcium (mg/d), potassium (g/d), and 
iron (mg/d). Significantly higher median NARs of 1.82 and 1.22 were 
observed for vitamin A (μg/d) and vitamin B12 (μg/d), respectively, 
indicating an intake above the recommended levels for these nutrients. 
In contrast, intakes of vitamin D (μg/d), vitamin E (mg/d), and vitamin 
B9 (μg/d) were below DRVs. Table 4 shows the proportion of participants 
with a nutrient intake above, below, or within the recommendations, 
together with the corresponding DVRs and median NARs.

CAA group—nutritional adequacy ratio

CAA patients demonstrated inadequate daily energy intake 
(kcal/d), as highlighting by a median NAR of 0.88. Additionally, 
protein (g/kg x d) and fiber (%En) intake were below the DRVs, with 
only 7.69 and 15.38% of patients meeting the adequate intake for 
these nutrients, respectively. Conversely, the intake of available 
carbohydrates (%En) and total fats (%En) exceeded the RI upper 
limit, with median NARs of 1.15 and 1.56. Approximately, 84% of 
CAA patient exceeding the STD cut-off value for SFAs (%En), as 
reflected by a median NAR bigger than 1. Despite total fats intakes 
being higher than recommended levels, the intakes of PUFAs ω-3 
(%En), including its derivatives EPA (mg/d) and DHA (mg/d), and 
PUFAs ω-6 (%En), did not reach the DRVs. Furthermore, 
significantly higher intakes were observed for MUFAs (%En), with a 
median NAR of 1.92.

For calcium (mg/d), potassium (mg/d), and iron (mg/d), the 
median NARs were 0.41, 0.61, and 0.82, respectively, indicating 
significant deficits intakes of those nutrients. In contrast, optimal 
intakes of phosphorus and sodium were observed in CAA patients, 
as reflected by median NARs of 1.15 and 1.11, respectively. Lastly, 
significantly higher intakes were recorded for vitamin A (μg/d) and 
vitamin B12 (μg/d), while median NARs for vitamin D (μg/d), 
vitamin E (mg/g), vitamin C (mg/d) and vitamin B9 (μg/d) were 
below 1, indicating a notable inadequacy in the intake of 
these nutrients.

Table  4 shows the proportion of participants with a nutrient 
intake above, below, or within the recommendations, together with 
the corresponding DVRs and median NARs.

Collectively, these findings suggest a dietary pattern characterized 
by a low consumption of key plant-based foods such as legumes, nuts, 
and whole grains (leading to low fiber and PUFA intake), and certain 
fruits and vegetables (source of potassium and vitamins). The 
inadequate intake of calcium and vitamin D may reflect a low 
consumption of dairy products or fortified foods. Conversely, the 
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excessive intake of sodium and saturated fats likely points to a high 
consumption of processed foods, red meat, and certain cheeses.

Discussion

DIETETICA is the first study aimed at evaluating anthropometric 
and body composition parameters, as well as investigating the effect 
of a MD on stroke incidence and cognitive impairment in patients 
with CADASIL and CAA. It is known that these two different causes 

of cSVD, hereditary and acquired respectively, share some common 
clinical and molecular features; however, their distinct 
pathophysiology and clinical progression may influence body 
composition as well as the response to usual dietary patterns.

In our preliminary results, patients with CADASIL were younger 
(mean age 61 ± 7.16 years), predominantly female (66.7%), and 
showed relatively preserved cognitive function and higher FM in 
comparison to CAA. Conversely the CAA patients were older 
individuals (mean age 71 ± 8.02 years), mostly male (92.3%), with a 
greater prevalence of hypertension, hemorrhagic strokes, and of 

TABLE 2  Summary of anthropometric data, body composition parameters, malnutrition risk, and Mediterranean Diet adherence scores of the 22 
DIETETICA study participants.

Total cohort (n = 22) CADASIL (n = 9) CAA (n = 13) p-value

Anthropometrics measurements

BW, M ± SD (kg) 72.9 ± 11.1 70.8 ± 11.9 74.4 ± 10.8 0.480

BH, M ± SD (cm) 169.9 ± 10.0 165.3 ± 11.7 173.1 ± 7.6 0.105

BMI, M ± SD (kg/m2) 25.2 ± 2.9 25.8 ± 2.5 24.8 ± 3.9 0.411

Underweight, % 0 0 0 N.A.

Normalweight, n (%) 14 (63.63) 5 (55.55) 9 (69.23) 0.592

Overweight, n (%) 6 (27.27) 3 (33.33) 3 (23.07) 0.595

Obese, n (%) 2 (9.09) 1 (11.11) 1 (7.69) 0.783

Body circumferences

AC, M ± SD (cm) 28.5 ± 2.7 29.1 ± 2.7 28.1 ± 2.7 0.391

WC, M ± SD (cm) 98.1 ± 8.2 97.2 ± 5.8 98.8 ± 9.7 0.623

HC, M ± SD (cm) 101.4 ± 6.9 99.8 ± 6.6 102.5 ± 7.2 0.368

CC, M ± SD (cm) 38.3 ± 13.2 43.3 ± 19.7 34.8 ± 3.5 0.233

Skinfold thickness

Biceps, M ± SD (mm) 8.0 ± 3.6 10.4 ± 3.5 6.3 ± 2.7 0.012*

Triceps, M ± SD (mm) 13.3 ± 6.2 17.1 ± 6.0 10.6 ± 5.0 0.018*

Subscapular, M ± SD (mm) 15.4 ± 4.5 17.5 ± 4.4 14.0 ± 4.1 0.073

Suprailiac, M ± SD (mm) 17.0 ± 6.7 18.8 ± 4.6 15.7 ± 7.8 0.262

Body composition

FM, M ± SD (kg) 21.2 ± 5.3 23.9 ± 3.6 19.3 ± 6.0 0.038*

FFM, M ± SD (kg) 51.7 ± 9.3 46.8 ± 10.6 55.1 ± 6.7 0.062

Physical activity

<700 METs/week, n (%) 12 (54.54) 4 (44.44) 8 (61.56) 0.428

>700 < 2,520 METs/week, n (%) 7 (31.81) 3 (33.33) 4 (30.76) 0.898

>2,520 METs/week, n (%) 3 (13.63) 2 (22.22) 1 (7.69) 0.328

Nutritional status

Adequate nutritional status, n (%) 13 (59.09) 6 (66.66) 7 (53.84) 0.547

Risk of malnutrition, n (%) 8 (36.36) 3 (33.33) 5 (38.46) 0.805

Poor nutritional status, n (%) 1 (4.54) 0 (0) 1 (7.69) N. A.

MEDAS score

High adherence, n (%) 2 (9.09) 1 (11.11) 1 (7.69) 0.783

Moderate adherence, n (%) 14 (63.63) 6 (66.66) 8 (61.53) 0.805

Low adherence, n (%) 6 (27.27) 2 (22.22) 4 (30.76) 0.132

BW: Body weight; BH: Body height; BMI: Body mass index; AC: Arm circumference; WC: Waist circumference; HC: Hip circumference; CC: Calf circumference; FM: Fat mass; FFM: Fat free 
mass; METs: metabolic equivalents; MEDAS: Mediterranean Diet Adherence Screener. The two-tailed t-test was applied to detect any statistically significant differences between the groups; 
*p < 0.05; **p < 0.01; N.A.: Not Applicable. Values in bold indicate statistically significant differences (p < 0.05).
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cognitive impairment. No other differences were found between the 
demographic factors of the two diseases.

Body composition assessment showed that bicipital and 
tricipital skinfold thicknesses, as well as FM (Kg), differed 
significantly between the CADASIL and CAA groups. These 
differences in body composition could reflect the different 
pathophysiological profiles and long-term outcomes associated with 
distinct stroke subtypes. Supporting this hypothesis, Wilczyński 
and colleagues (34) demonstrated that individuals recovering from 
a hemorrhagic stroke have significantly reduced FM, compared to 
survivors of an ischemic stroke, which the authors attributed to a 
combination of more severe neurological damage, higher metabolic 
demands and complications, such as dysphagia. Our results are 
concordant with these findings: patients with CAA, most of whom 
experienced hemorrhagic strokes, presented lower FM and reduced 
skinfold measurements, when compared to CADASIL patient. 
However, these results should be interpreted carefully, given the 
unbalanced nature of our sample, which could limit the 
generalizability of the findings.

The overall low adherence to the Mediterranean Diet (MD) in 
our cohort, with only 9% of participants achieving a high MEDAS 
score, is a robust finding supported by both internal and external 
evidence. Internally, this score is not merely a subjective result from 
a questionnaire but is quantitatively confirmed by our nutritional 
adequacy analysis, which revealed a dietary pattern deficient in 
classic Mediterranean components like polyunsaturated fatty acids 
(PUFAs) while being excessive in saturated fats and sodium. 
Externally, this finding is consistent with broader dietary trends in 
Northern Italy, as a similar study (24) on free-living elderly 
individuals in the region also reported a low rate of high adherence 
(approximately 30%). Taken together, this suggests that the dietary 
habits of our patient cohort reflect a wider regional pattern that is 
quantitatively suboptimal. In a recent systematic review, analyzing 
adherence among adults in Mediterranean countries, only 20–45% of 
individuals were found to achieve moderate to high levels of 
adherence to MD, with a decreasing trend across age groups and a 
notable deterioration in the last decades (35). Our hypothesis that the 
Mediterranean Diet may offer neuroprotection in cSVD is supported 

TABLE 3  Median daily food intake from 7-dFR of the 22 participants enrolled in DIETETICA study.

Total cohort (n = 22) CADASIL (n = 9) CAA (n = 13) p-value

Macronutrient

Energy, M ± SD, (kcal/d) 1781.1 ± 162.4 1724.6 ± 116.4 1820.2 ± 181.9 0.148

Protein, M ± SD, (g/d) 67.9 ± 10.5 70.4 ± 8.2 66.2 ± 11.9 0.336

Available carbohydrates, M ± SD, (g/d) 228.9 ± 39.5 220.3 ± 45.6 234.8 ± 35.4 0.437

Fiber, M ± SD, (g/d) 18.2 ± 3.8 17.5 ± 5.0 18.7 ± 2.8 0.538

Total fats, M ± SD, (g/d) 66.7 ± 10.3 63.9 ± 9.2 68.7 ± 11.0 0.289

SFAs, M ± SD, (g/d) 20.6 ± 4.2 21.2 ± 4.0 20.2 ± 3.8 0.583

MUFAs, M ± SD, (g/d) 27.8 ± 10.0 23.8 ± 4.7 30.6 ± 11.6 0.076

PUFAs, M ± SD, (g/d) 7.9 ± 3.5 6.9 ± 2.1 8.6 ± 4.1 0.223

PUFAs ω-6, M ± SD, (g/d) 4.2 ± 2.5 4.1 ± 1.7 4.3 ± 3.0 0.815

PUFAs ω-3, M ± SD, (g/d) 0.7 ± 0.5 0.7 ± 0.3 0.8 ± 0.6 0.629

EPA, M ± SD, (mg/d) 62.5 ± 56.0 71.1 ± 63.1 56.5 ± 52.4 0.577

DHA, M ± SD, (mg/d) 86.7 ± 77.6 83.3 ± 86.0 89.1 ± 74.8 0.871

Minerals

Ca, M ± SD, (mg/d) 490.9 ± 138.7 500.1 ± 185.1 484.5 ± 108.1 0.822

K, M ± SD, (mg/d) 2.3 ± 0.5 2.1 ± 0.4 2.4 ± 0.5 0.787

Fe, M ± SD, (mg/d) 7.7 ± 1.5 7.0 ± 1.3 8.2 ± 1.5 0.366

P, M ± SD, (mg/d) 802.0 ± 154.8 791.2 ± 144.8 809.5 ± 174.2 0.337

Na, M ± SD, (mg/d) 1.4 ± 0.3 1.5 ± 0.4 1.3 ± 0.3 0.068

Vitamins

Vit A, M ± SD, (μg/d) 1285.5 ± 666.4 1141.1 ± 391.7 1385.5 ± 805.3 0.357

Vit. D, M ± SD, (μg/d) 1.1 ± 0.6 0.8 ± 0.2 1.3 ± 0.7 0.514

Vit. E, M ± SD, (mg/d) 5.2 ± 1.2 4.9 ± 1.9 5.4 ± 0.6 0.066

Vit. C, M ± SD, (mg/d) 85.0 ± 30.5 73.5 ± 29.7 93.0 ± 29.5 0.146

Vit. B9, M ± SD, (μg/d) 210. 0 ± 54.9 190.7 ± 39.0 223.4 ± 61.6 0.779

Vit. B12, M ± SD, (μg/d) 3.1 ± 3.3 2.9 ± 2.8 3.3 ± 3.7 0.143

d: die; SFAs: saturated fatty acids; MUFAs: monounsaturated fatty acids; PUFAs: polyunsaturated fatty acids; EPA: eicosapentaenoic acid; DHA: docosahexaenoic acid; Ca: calcium; K: 
potassium; Fe: iron; P: phosphorus; Na: sodium; g: grams; mg: milligram; μg: microgram; Vit: vitamin. The two-tailed t-test was applied to detect any statistically significant differences 
between the groups; p < 0.05.
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by evidence from the general population. A study on elderly urban 
Italians found that closer adherence to the MD was significantly 
associated with a better cognitive status, reducing the risk of cognitive 
impairment by over 60% (24). Our study extends this line of inquiry 
by investigating whether this protective association holds true in a 
genetically and pathologically defined high-risk population. Our 
findings emphasize the need for targeted dietary interventions to 
increase adherence to this traditional pattern, which has been shown 
to reduce the incidence and mortality from cerebrovascular disease 
(36). Furthermore, the high prevalence of physical inactivity 
observed, highlights the necessity of comprehensive lifestyle 
modifications, especially because it is well-known that regular 
physical activity is a key factor in maintaining cognitive function and 
preventing neurodegenerative processes (37).

To our knowledge, no study has yet examined the average 
daily nutrient intake in patients with cSVD. The data presented in 

Table  3 provide a valuable reference for cross-sectional 
comparisons, facilitating the identification of differences and 
similarities in dietary patterns. In addition, analysis of these 
intake levels could help to explore associations between nutrient 
consumption and cerebrovascular outcomes or cognitive 
impairment. A central finding of our nutritional analysis is the 
profound imbalance in lipid quality, which is more relevant than 
the total fat quantity. The excessive intake of SFAs, known for 
their pro-inflammatory and atherogenic potential (38, 39), 
combined with a striking deficit of anti-inflammatory and 
neuroprotective PUFAs (ω-3, EPA, DHA) (40–43), delineates a 
dietary profile that may actively contribute to the vascular and 
neuro-inflammatory processes underlying cSVD. This highlights 
that future dietary interventions must prioritize fat quality, 
promoting sources of unsaturated fats like olive oil, nuts, and fish, 
while actively reducing saturated fat intake.

TABLE 4  Estimated NARs for macronutrients and micronutrients of 22 patients enrolled in DIETETICA study.

DRVs Total cohort (n = 22) CADASIL (n = 9) CAA (n = 13)

Patient with 
“adeguate” 
intake n (%)

NAR 
(median)

Patient with 
“adeguate” 
intake n (%)

NAR 
(median)

Patient with 
“adeguate” 
intake n (%)

NAR 
(median)

Macronutrients

Energy, (kcal/d) AR 2 (9.09) 0.83 2 (11.1) 0.80 0 (0) 0.88

Protein, (g/kg × d) STD / PRI 2 (9.09) 0.92 1 (11.11) 1.03 1 (7.69) 0.84

Available carbohydrates, (%En) RI 18 (81.81) 1.15 7 (77.77) 1.13 11 (84.61) 1.15

Fiber, (%En) RI 5 (22.72) 0.87 3 (33.33) 0.86 2 (15.38) 0.88

Total fats, (%En) RI 21 (90.9) 1.56 2 (11.11) 1.55 2 (15.38) 1.56

SFAs, (%En) STD 18 (81.81) 1.32 7 (77.77) 1.41 11 (84.61) 1.26

MUFAs, (%En) RI1 21 (95.45) 1.77 8 (88.87) 1.56 13 (100) 1.92

PUFAs, (%En) RI 3 (13.63) 0.67 0 (0) 0.60 3 (23.0) 0.71

PUFAs ω-6, (%En) RI 2 (9.09) 0.45 0 (0) 0.44 2 (15.38) 0.46

PUFAs ω-3, (%En) RI 1 (4.54) 0.34 1 (0) 0.32 1 (7.69) 0.35

EPA, (mg/d) AI 0 (0) 0.25 0 (0) 0.28 0 (0) 0.22

DHA, (mg/d) AI 1 (4.54) 0.34 0 (0) 0.33 1 (7.69) 0.35

Minerals

Ca, (mg/d) PRI 0 (0) 0.42 0 (0) 0.43 0 (0) 0.41

K, (g/d) AI 0 (0) 0.59 0 (0) 0.56 0 (0) 0.61

Fe, (mg/d) PRI 2 (9.09) 0.77 0 (0) 0.70 2 (15.38) 0.82

P, (mg/d) PRI 18 (81.81) 1.14 7 (77.77) 1.13 11 (84.61) 1.15

Na, (g/d) AI 12 (54.54) 1.16 6 (66.66) 1.23 6 (46.15) 1.11

Vitamins

Vit. A, (μg/d) PRI 21 (95.45) 1.93 9 (100) 1.82 12 (92.30) 2.01

Vit. D, (μg/d) PRI 0 (0) 0.07 0 (0) 0.05 0 (0) 0.08

Vit. E, (mg/d) PRI 0 (0) 0.41 0 (0) 0.40 0 (0) 0.41

Vit. C, (mg/d) PRI 7 (31.81) 0.86 3 (33.33) 0.82 4 (30.76) 0.89

Vit. B9, (μg/d) PRI 0 (0) 0.52 0 (0) 0.47 0 (0) 0.55

Vit. B12, (μg/d) PRI 9 (40.90) 1.31 4 (44.44) 1.22 5 (38.46) 1.38

SFAs: saturated fatty acids; MUFAs: monounsaturated fatty acids; PUFAs: polyunsaturated fatty acids; EPA: eicosapentaenoic acid; DHA: docosahexaenoic acid; Ca: calcium; K: potassium; Fe: 
iron; P: phosphorus; Na: sodium; d: die; g: grams; mg: milligram; μg: microgram; Vit: vitamin; En: energy; DRVs: Dietary Reference Values based on the Italian LARN, IV Revision; AR: 
average requirement; RI: Reference Intake; STD: suggested dietary targets; AI: adequate intake; 1 Reference Intake calculated by difference: RI (MUFAs) = RI (total fats) – RI (PUFAs) – STD 
(SFAs).
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While our findings might provide novel insights, they are limited by 
the small sample size and unbalanced sex distribution between 
diagnostic groups. Additionally, the monocentric and hospital-based 
design of the study may introduce a selection bias and limit the 
generalizability of the results to the broader population. Moreover, body 
composition was estimated using skinfold thickness measurements, 
rather than directly measured with the gold-standard dual-energy X-ray 
absorptiometry (DEXA) method, potentially affecting the precision of 
FM and FFM assessments. Regarding the assessment of Mediterranean 
Diet adherence, the MEDAS questionnaire, although a validated and 
widely used screener, has inherent limitations. Its semi-quantitative 
nature and scoring thresholds may not fully capture the nuances of 
dietary quality; for instance, the requirement of consuming nuts ‘≥1 
time/week’ to score a point is a low threshold for a diet where nuts are a 
key component. This could lead to an overestimation of adherence levels 
in individuals with only marginal consumption. Furthermore, 
concerning the quantitative nutritional assessment, our analysis relies on 
the 7-day food record, which is the gold standard for intake evaluation. 
However, the accuracy of nutrient calculations is inherently dependent 
on the completeness of the food composition databases within the 
analysis software. While MetaDieta is a comprehensive tool, information 
for specific fatty acid profiles—such as individual monounsaturated 
(MUFAs) and polyunsaturated (PUFAs) fatty acids—is often not 
reported on commercial food labels and can be lacking in databases. This 
may have led to an underestimation of the intake of these specific 
nutrients, despite our use of the best available methodology. These 
limitations, however, do not detract from our preliminary findings, 
which highlight significant trends in dietary patterns that warrant further 
investigation in Phase II of our study.

Nonetheless, a strength of this study is that the dietary records 
used, based on a 7-dFR, represent the gold standard for providing 
accurate quantification of daily food intake and allowed accurate 
assessment of nutritional adequacy. Therefore, the findings from this 
observational phase are not merely descriptive but serve as a crucial 
foundation for Phase II. The planned intervention, which focuses on 
supplementing the Mediterranean Diet with olive oil or dried fruit, 
is specifically designed to address the key nutritional gaps identified 
herein—particularly the inadequate intake of MUFAs and PUFAs. 
Phase II will thus directly test whether correcting these specific, 
observed dietary deficits can impact stroke incidence and cognitive 
decline in patients with CADASIL and CAA, moving from 
observation to targeted, evidence-based intervention.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding author/s.

Ethics statement

The studies involving humans were approved by Territorial Ethics 
Committee Lombardy 4. The studies were conducted in accordance 
with the local legislation and institutional requirements. The 
participants provided their written informed consent to participate in 
this study.

Author contributions

CS: Visualization, Project administration, Formal analysis, 
Writing  – original draft, Resources, Validation, Data curation, 
Methodology, Conceptualization, Supervision, Investigation, 
Software, Funding acquisition, Writing  – review & editing. BS: 
Supervision, Methodology, Investigation, Conceptualization, 
Writing  – review & editing, Validation, Visualization. GM: 
Investigation, Supervision, Conceptualization, Writing – review & 
editing, Validation, Visualization. CD: Investigation, 
Conceptualization, Supervision, Writing  – review & editing, 
Visualization, Validation. IC: Conceptualization, Writing – review & 
editing, Supervision, Visualization, Validation. NR: Validation, 
Supervision, Writing – review & editing, Visualization. GB: Validation, 
Visualization, Writing – review & editing, Supervision. EZ: Writing – 
review & editing, Supervision, Validation, Visualization. AF: 
Visualization, Validation, Supervision, Writing – review & editing. 
GP: Writing – review & editing, Visualization, Supervision, Validation. 
TC: Visualization, Supervision, Validation, Writing – review & editing. 
AP: Visualization, Validation, Supervision, Writing – review & editing. 
GG: Visualization, Supervision, Validation, Writing  – review & 
editing. RD: Visualization, Validation, Formal analysis, Methodology, 
Software, Writing – review & editing, Conceptualization, Investigation, 
Supervision. LG: Methodology, Visualization, Validation, 
Conceptualization, Writing  – review & editing, Supervision. AB: 
Validation, Conceptualization, Visualization, Supervision, Writing – 
review & editing, Methodology, Investigation.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. This work is partially 
supported by the Ministero della Salute (Ricerca Corrente 2024–2027) 
and by Piano Nazionale di Ripresa e Resilienza (PNRR Salute)  – 
Missione M6 – Componente C2 – Investimento 2.1.

Acknowledgments

The authors thank all Italian citizens who allocated the 5 × 1000 
income tax to support the Fondazione I.R.C.C.S. Istituto Neurologico 
“Carlo Besta” (RC19.1 PRIORITY).

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Any alternative text (alt text) provided alongside figures in this 
article has been generated by Frontiers with the support of artificial 

https://doi.org/10.3389/fnut.2025.1682134
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Strazzabosco et al.� 10.3389/fnut.2025.1682134

Frontiers in Nutrition 11 frontiersin.org

intelligence and reasonable efforts have been made to ensure accuracy, 
including review by the authors wherever possible. If you identify any 
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 

reviewers. Any product that may be evaluated in this article, or claim 
that may be made by its manufacturer, is not guaranteed or endorsed 
by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fnut.2025.1682134/
full#supplementary-material

References
	1.	Chojdak-Łukasiewicz J, Dziadkowiak E, Zimny A, Paradowski B. Cerebral small 

vessel disease: a review. Adv Clin Exp Med. (2021) 30:349–56. doi: 10.17219/acem/131216

	2.	Joutel A, Corpechot C, Ducros A, Vahedi K, Chabriat H, Mouton P, et al. Notch3 
mutations in cerebral autosomal dominant arteriopathy with subcortical infarcts and 
leukoencephalopathy (CADASIL), a mendelian condition causing stroke and vascular 
dementia. Ann N Y Acad Sci. (1997) 826:213–7. doi: 10.1111/j.1749-6632.1997.tb48472.x

	3.	Dichgans M, Mayer M, Uttner I, Brüning R, Müller-Höcker J, Rungger G, et al. The 
phenotypic spectrum of CADASIL: clinical findings in 102 cases. Ann Neurol. (1998) 
44:731–9. doi: 10.1002/ana.410440506

	4.	Pantoni L. Cerebral small vessel disease: from pathogenesis and clinical 
characteristics to therapeutic challenges. Lancet Neurol. (2010) 9:689–701. doi: 
10.1016/S1474-4422(10)70104-6

	5.	Viswanathan A, Greenberg SM. Cerebral amyloid angiopathy in the elderly. Ann 
Neurol. (2011) 70:871–80. doi: 10.1002/ana.22516

	6.	Charidimou A, Gang Q, Werring DJ. Sporadic cerebral amyloid angiopathy 
revisited: recent insights into pathophysiology and clinical spectrum. J Neurol Neurosurg 
Psychiatry. (2012) 83:124–37. doi: 10.1136/jnnp-2011-301308

	7.	Banerjee G, Carare R, Cordonnier C, Greenberg SM, Schneider JA, Smith EE, et al. 
The increasing impact of cerebral amyloid angiopathy: essential new insights for clinical 
practice. J Neurol Neurosurg Psychiatry. (2017) 88:982–94. doi: 10.1136/jnnp-2016-314697

	8.	Di Donato I, Bianchi S, De Stefano N, Dichgans M, Dotti MT, Duering M, et al. 
Cerebral autosomal dominant arteriopathy with subcortical infarcts and 
leukoencephalopathy (CADASIL) as a model of small vessel disease: update on clinical, 
diagnostic, and management aspects. BMC Med. (2017) 15:41. doi: 
10.1186/s12916-017-0778-8

	9.	Joutel A, Andreux F, Gaulis S, Domenga V, Cecillon M, Battail N, et al. The 
ectodomain of the Notch3 receptor accumulates within the cerebrovasculature of 
CADASIL patients. J Clin Invest. (2000) 105:597–605. doi: 10.1172/JCI8047

	10.	Haffner C. Proteostasis in cerebral small vessel disease. Front Neurosci. (2019) 
13:1142. doi: 10.3389/fnins.2019.01142

	11.	Zielińska-Nowak E, Cichon N, Saluk-Bijak J, Bijak M, Miller E. Nutritional 
supplements and neuroprotective diets and their potential clinical significance in post-
stroke rehabilitation. Nutrients. (2021) 13:2704. doi: 10.3390/nu13082704

	12.	Li W, Yue T, Liu Y. New understanding of the pathogenesis and treatment of 
stroke-related sarcopenia. Biomed Pharmacother. (2020) 131:110721. doi: 
10.1016/j.biopha.2020.110721

	13.	Adib-Samii P, Brice G, Martin RJ, Markus HS. Clinical spectrum of CADASIL and 
the effect of cardiovascular risk factors on phenotype: study in 200 consecutively 
recruited individuals. Stroke. (2010) 41:630–4. doi: 10.1161/STROKEAHA.109.568402

	14.	Schröder H, Marrugat J, Vila J, Covas MI, Elosua R. Adherence to the traditional 
Mediterranean diet is inversely associated with body mass index and obesity in a Spanish 
population. J Nutr. (2004) 134:3355–61. doi: 10.1093/jn/134.12.3355

	15.	Tortosa A, Bes-Rastrollo M, Sanchez-Villegas A, Basterra-Gortari FJ, Nuñez-
Cordoba JM, Martinez-Gonzalez MA. Mediterranean diet inversely associated with the 
incidence of metabolic syndrome. Diabetes Care. (2007) 30:2957–9. doi: 
10.2337/dc07-1231

	16.	Psaltopoulou T, Naska A, Orfanos P, Trichopoulos D, Mountokalakis T, 
Trichopoulou A. Olive oil, the Mediterranean diet, and arterial blood pressure: the Greek 
European prospective investigation into Cancer and nutrition (EPIC) study. Am J Clin 
Nutr. (2004) 80:1012–8. doi: 10.1093/ajcn/80.4.1012

	17.	Martín-Peláez S, Fito M, Castaner O. Mediterranean diet effects on type 2 diabetes 
prevention, disease progression, and related mechanisms. A review. Nutrients. (2020) 
12:2236. doi: 10.3390/nu12082236

	18.	Rees K, Takeda A, Martin N, Ellis L, Wijesekara D, Vepa A, et al. Mediterranean-
style diet for the primary and secondary prevention of cardiovascular disease: A 
Cochrane review. Glob Heart. (2020) 15:56. doi: 10.5334/gh.853

	19.	Solch RJ, Aigbogun JO, Voyiadjis AG, Talkington GM, Darensbourg RM, 
O’Connell S, et al. Mediterranean diet adherence, gut microbiota, and Alzheimer’s or 
Parkinson’s disease risk: a systematic review. J Neurol Sci. (2022) 434:120166. doi: 
10.1016/j.jns.2022.120166

	20.	Chen G-C, Neelakantan N, Martín-Calvo N, Koh W-P, Yuan J-M, Bonaccio M, 
et al. Adherence to the Mediterranean diet and risk of stroke and stroke subtypes. Eur J 
Epidemiol. (2019) 34:337–49. doi: 10.1007/s10654-019-00504-7

	21.	Shannon OM, Mendes I, KÖchl C, Mazidi M, Ashor AW, Rubele S, et al. 
Mediterranean diet increases endothelial function in adults: a systematic review and 
meta-analysis of randomized controlled trials. J Nutr. (2020) 150:1151–9. doi: 
10.1093/jn/nxaa002

	22.	Chrysohoou C, Panagiotakos DB, Pitsavos C, Das UN, Stefanadis C. Adherence 
to the Mediterranean diet attenuates inflammation and coagulation process in healthy 
adults. J Am Coll Cardiol. (2004) 44:152–8. doi: 10.1016/j.jacc.2004.03.039

	23.	Dai J, Jones DP, Goldberg J, Ziegler TR, Bostick RM, Wilson PW, et al. Association 
between adherence to the Mediterranean diet and oxidative stress. Am J Clin Nutr. 
(2008) 88:1364–70. doi: 10.3945/ajcn.2008.26528

	24.	De Amicis R, Leone A, Foppiani A, Osio D, Lewandowski L, Giustizieri V, et al. 
Mediterranean diet and cognitive status in free-living elderly: A cross-sectional study in 
northern Italy. J Am Coll Nutr. (2018) 37:494–500. doi: 10.1080/07315724.2018.1442263

	25.	Charidimou A, Boulouis G, Frosch MP, Baron J-C, Pasi M, Albucher JF, et al. The 
Boston criteria version 2.0 for cerebral amyloid angiopathy: a multicentre, retrospective, 
MRI–neuropathology diagnostic accuracy study. Lancet Neurol. (2022) 21:714–25. doi: 
10.1016/S1474-4422(22)00208-3

	26.	Lohman TG, Roche AF, Martorell R (1988). Anthropometric standardization 
reference manual. Champaign, IL, USA: Human Kinetics.

	27.	Durnin JVGA, Womersley J. Body fat assessed from total body density and its 
estimation from skinfold thickness: measurements on 481 men and women aged from 
16 to 72 years. Br J Nutr. (1974) 32:77–97. doi: 10.1079/BJN19740060

	28.	Siri WE. Body composition from fluid spaces and density: analysis of methods. 
Nutrition. (1993) 9:480–91.

	29.	Craig CL, Marshall AL, Sjöström M, Bauman AE, Booth ML, Ainsworth BE, et al. 
International physical activity questionnaire: 12-country reliability and validity. Med Sci 
Sports Exerc. (2003) 35:1381–95. doi: 10.1249/01.MSS.0000078924.61453.FB

	30.	Harris JA, Benedict FG. A biometric study of human basal metabolism. Proc Natl 
Acad Sci USA. (1918) 4:370–3. doi: 10.1073/pnas.4.12.370

	31.	Vellas B, Guigoz Y, Garry PJ, Nourhashemi F, Bennahum D, Lauque S, et al. The 
Mini nutritional assessment (MNA) and its use in grading the nutritional state of elderly 
patients. Nutrition. (1999) 15:116–22. doi: 10.1016/s0899-9007(98)00171-3

	32.	SINU. IV Revisione dei Livelli di Assunzione di Riferimento di Nutrienti ed 
energia per la popolazione Italiana (LARN), Roma, Italy: BioMedia (2014).

	33.	Schröder H, Fitó M, Estruch R, Martínez-González MA, Corella D, Salas-Salvadó 
J, et al. A short screener is valid for assessing Mediterranean diet adherence among older 
Spanish men and women. J Nutr. (2011) 141:1140–5. doi: 10.3945/jn.110.135566

	34.	Wilczyński J, Mierzwa-Molenda M, Habik-Tatarowska N. Differences in body 
composition among patientsafter hemorrhagic and ischemic stroke. Int J Environ Res 
Public Health. (2020) 17:4170. doi: 10.3390/ijerph17114170

	35.	Obeid CA, Gubbels JS, Jaalouk D, Kremers SPJ, Oenema A. Adherence to the 
Mediterranean diet among adults in Mediterranean countries: a systematic literature 
review. Eur J Nutr. (2022) 61:3327–44. doi: 10.1007/s00394-022-02885-0

	36.	Trovato GM, Martines GF, Trovato FM, Catalano D. Re: "relation of the traditional 
Mediterranean diet to cerebrovascular disease in a Mediterranean population". Am J 
Epidemiol. (2013) 178:661. doi: 10.1093/aje/kwt125

	37.	Dominguez LJ, Veronese N, Vernuccio L, Catanese G, Inzerillo F, Salemi G, et al. 
Nutrition, physical activity, and other lifestyle factors in the prevention of cognitive 
decline and dementia. Nutrients. (2021) 13:4080. doi: 10.3390/nu13114080

https://doi.org/10.3389/fnut.2025.1682134
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2025.1682134/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2025.1682134/full#supplementary-material
https://doi.org/10.17219/acem/131216
https://doi.org/10.1111/j.1749-6632.1997.tb48472.x
https://doi.org/10.1002/ana.410440506
https://doi.org/10.1016/S1474-4422(10)70104-6
https://doi.org/10.1002/ana.22516
https://doi.org/10.1136/jnnp-2011-301308
https://doi.org/10.1136/jnnp-2016-314697
https://doi.org/10.1186/s12916-017-0778-8
https://doi.org/10.1172/JCI8047
https://doi.org/10.3389/fnins.2019.01142
https://doi.org/10.3390/nu13082704
https://doi.org/10.1016/j.biopha.2020.110721
https://doi.org/10.1161/STROKEAHA.109.568402
https://doi.org/10.1093/jn/134.12.3355
https://doi.org/10.2337/dc07-1231
https://doi.org/10.1093/ajcn/80.4.1012
https://doi.org/10.3390/nu12082236
https://doi.org/10.5334/gh.853
https://doi.org/10.1016/j.jns.2022.120166
https://doi.org/10.1007/s10654-019-00504-7
https://doi.org/10.1093/jn/nxaa002
https://doi.org/10.1016/j.jacc.2004.03.039
https://doi.org/10.3945/ajcn.2008.26528
https://doi.org/10.1080/07315724.2018.1442263
https://doi.org/10.1016/S1474-4422(22)00208-3
https://doi.org/10.1079/BJN19740060
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1073/pnas.4.12.370
https://doi.org/10.1016/s0899-9007(98)00171-3
https://doi.org/10.3945/jn.110.135566
https://doi.org/10.3390/ijerph17114170
https://doi.org/10.1007/s00394-022-02885-0
https://doi.org/10.1093/aje/kwt125
https://doi.org/10.3390/nu13114080


Strazzabosco et al.� 10.3389/fnut.2025.1682134

Frontiers in Nutrition 12 frontiersin.org

	38.	Currenti W, Godos J, Alanazi AM, Lanza G, Ferri R, Caraci F, et al. Dietary fats 
and cognitive status in Italian middle-old adults. Nutrients. (2023) 15:1429. doi: 
10.3390/nu15061429

	39.	Kalmijn S. Fatty acid intake and the risk of dementia and cognitive decline: a 
review of clinical and epidemiological studies. J Nutr Health Aging. (2000) 4:202–7.

	40.	Mehrabani A, Jalalzadeh M, Jannati N, Lotfi K, Arzhang P, Azadbakht L. 
Association between monounsaturated fatty acid intake and risk of Total stroke and its 
subtypes: A systematic review and dose-response Meta-analysis of prospective cohort 
studies. Nutr Rev. (2025) 83:1035–47. doi: 10.1093/nutrit/nuae185

	41.	Talukdar T, Zamroziewicz MK, Zwilling CE, Barbey AK. Nutrient biomarkers 
shape individual differences in functional brain connectivity: evidence from omega-3 
PUFAs. Hum Brain Mapp. (2019) 40:1887–97. doi: 10.1002/hbm.24498

	42.	Yurko-Mauro K, McCarthy D, Rom D, Nelson EB, Ryan AS, Blackwell A, et al. 
Beneficial effects of docosahexaenoic acid on cognition in age-related cognitive decline. 
Alzheimers Dement. (2010) 6:456–64. doi: 10.1016/j.jalz.2010.01.013

	43.	Maki KC, Dicklin MR, Kirkpatrick CF. Saturated fats and cardiovascular health: 
current evidence and controversies. J Clin Lipidol. (2021) 15:765–72. doi: 
10.1016/j.jacl.2021.09.049

https://doi.org/10.3389/fnut.2025.1682134
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.3390/nu15061429
https://doi.org/10.1093/nutrit/nuae185
https://doi.org/10.1002/hbm.24498
https://doi.org/10.1016/j.jalz.2010.01.013
https://doi.org/10.1016/j.jacl.2021.09.049

	Impact of the Mediterranean Diet on stroke incidence and cognitive impairment in CADASIL and CAA patients: the DIETETICA study
	Introduction
	Patients and methods
	Study design
	Study population

	Clinical data collection
	Anthropometric measurements and body composition
	Physical activity level and risk of malnutrition
	Nutritional assessment
	Adherence to Mediterranean Diet
	Clinical and neuropsychological assessment
	Data management
	Ethics statement

	Statistical data analysis
	Preliminary results
	CADASIL group–risk factors and body composition
	CAA group–risk factors and body composition
	Description of daily dietary nutrient intake and nutritional adequacy ratio (NAR)
	CADASIL group—nutritional adequacy ratio
	CAA group—nutritional adequacy ratio

	Discussion

	References



