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Abstract: Background: Cooking skills represent an important yet often overlooked form of
social and cultural capital, influencing dietary quality and health outcomes. As modern so-
cieties face growing challenges related to unhealthy eating patterns and a loss of traditional
food practices, understanding the societal role of culinary competence becomes critical.
This study explored the association between culinary skills, adherence to the Mediterranean
diet, and nutritional intake. Methods: Baseline data from 111 adults (60 women; mean age
47.6 £ 10.5 years) participating in the iMC SALT randomized controlled trial (Portugal)
were analyzed. Culinary skills were assessed using the Cooking Skills Score, while the
dietary intake was evaluated with a Food Frequency Questionnaire and adherence to
the Mediterranean diet through the alternative Mediterranean Diet (aMED) Score. Food
and beverage processing levels were categorized using the NOVA classification, and the
sodium/potassium intake was measured via 24 h urinary excretion. Results: Women
demonstrated better culinary skills (5.1 £ 0.9 vs. 4.0 £ 1.1, p < 0.001) and greater adherence
to the Mediterranean diet (5.1 = 1.9 vs. 3.8 & 1.8, p = 0.001) than men. Better culinary
skills were associated with younger age, larger households, and increased adherence to
the Mediterranean diet. Culinary skills significantly explained 27.2% of the variance in
the Mediterranean diet adherence. Better culinary skills were linked to a greater energy
and protein intake; but a lower sodium and potassium intake. Conclusion: These findings
highlight culinary skills as a key societal factor shaping dietary behavior and nutritional
intake. Promoting culinary education may offer a powerful strategy to address dietary
inequalities, support cultural food heritage, and foster healthier, more resilient societies.

Keywords: cooking skills; food literacy; Mediterranean diet; dietary behaviors;
cultural heritage; ultra-processed foods; public health; social determinants of health;
nutrition education

1. Introduction

Lifestyle choices in the 21st century have transformed significantly due to techno-
logical advancements, urbanization, and societal changes. While these shifts create new
opportunities for global connectivity, they also present global nutrition challenges affecting
public health, such as inadequate dietary diversity and the rising prevalence of diet-related
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non-communicable diseases (NCD) [1]. The NCDs, including cardiovascular diseases,
diabetes, cancer, and respiratory diseases, are recognized as a public health concern with
economic implications and are intricately linked to lifestyle factors, urbanization, and de-
mographic transitions [2]. In 2015, the 2030 Agenda for Sustainable Development adopted
by the United Nations recognized NCDs as a major public health challenge; specifically
the Sustainable Development Goal (SDG) 3 includes target 3.4 to reduce premature NCD
mortality by one-third by 2030 and an important part of the strategies is to reduce the
associated behavioral risk factors like unhealthy diets [3].

Unhealthy diets are a significant public health issue in Portugal, with low consump-
tion levels of fruits, vegetables, and whole grains, along with an excessive intake of salt
and sugar, the main dietary factors contributing to the burden of NCD and poor health
outcomes [4]. Culinary skills and cooking confidence, or cooking self-efficacy, could sig-
nificantly influence dietary behaviors and eating at home more frequently. According
to the last National Food, Nutrition and Physical Activity Survey (IAN-AF 2015/2016),
meals consumed at restaurants—compared to those eaten at home—were associated with
poorer dietary quality among children, adolescents, and adults, reflected in higher intakes
of energy, fat, trans-fatty acids and saturated fatty acids, and sodium [5].

There is no consensus about the definition of “culinary skills”, but it can be defined “as
a set of attributes related to the selection and combination of foods and the use of culinary
procedures and utensils involved in the planning, organization, and preparation of ‘from
scratch’ meals based on fresh, minimally processed foods, and culinary ingredients” [6], and
could be related to other concepts such as the quality of diet and food literacy determinants
for NCDs.

Culinary skills are fundamental to the development of healthy eating habits, as they
enhance individuals’ abilities to navigate and resist unhealthy food environments [7],
contribute to improved diets, and are associated with stronger intentions to engage in
weight-loss behaviors [8]. A longitudinal study in the USA found that young adults that
reported very adequate cooking skills at the age of 18-23 years predicted better nutrition-
related outcomes 10 years later, such as more frequent preparation of meals including
vegetables and less frequent fast food consumption [9].

The Mediterranean diet, characterized by a high consumption of fruits, vegetables,
whole grains, legumes, and the inclusion of healthy fats, particularly olive oil, is associated
with numerous health benefits, including a reduced risk of NCDs [10,11]. Beyond its
nutritional profile, the Mediterranean diet emphasizes cultural practices such as communal
cooking and shared meals [12], highlighting the societal and cultural significance of culinary
skills in fostering sustainable, health-promoting eating behaviors.

Despite these insights, there remains limited empirical evidence on the influence
of culinary skills on diet quality, particularly regarding adherence to the Mediterranean
diet and nutritional intake patterns. In this context, we hypothesized that individuals
with better culinary skills would have better diet quality, as measured by adherence
to the Mediterranean diet, and improved nutritional intake. This cross-sectional study
examined the associations between culinary skills and diet, nutrition and processed foods
consumption, providing insights into the potential of culinary education initiatives to
address diet-related health inequalities and promote societal well-being.

2. Materials and Methods
2.1. Sample and Study Design

The subjects of this study are the participants involved in the iMC SALT random-
ized controlled trial conducted in Porto (Portugal) from June 2019 to January 2021 [13],
designed to increase salt intake adequacy (trial registration: NCT03974477). Participants
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were recruited among the staff of the university through the annual mandatory occupa-
tional health appointments. The exclusion criteria were pregnancy, hypotensive disorder,
renal infection, kidney disease, urinary incontinence, acute coronary syndrome, severe
liver disease or heart failure, being a member of the faculty that promotes the study (Fac-
ulty of Nutrition and Food Sciences), and not using salt for cooking. A final sample of
114 participants was included on the trial [14]. However, because some questionnaires
were incomplete, only 111 participants were considered for this present study. In this
cross-sectional analysis, the data collected at the baseline will be considered.

2.2. Culinary Skills

Cooking skills were assessed using the Cooking Skills Scale (CSS) [15], validated for
the Portuguese population [16] The respondents were asked to evaluate their own cooking
skills on a six-point scale [from strongly disagree (1 point) to strongly agree (6 points)] for
these questions: 1. I consider my cooking skills as sufficient; 2. I am able to prepare a hot
meal without a recipe; 3. I am able to prepare gratin; 4.  am able to prepare soup; 5. I am
able to prepare sauce; 6. I am able to bake cake; 7. I am able to bake bread. Based on these
seven items, the mean values were calculated for each person to reflect their cooking skills
(Culinary Skills Score, ranging from 1 to 6, meaning the highest values reported better
cooking skills). Moreover, confidence, enjoyment, and motivation to start learning to cook
were also assessed on a five-point scale.

2.3. Dietary Intake and Mediterranean Diet Score

The dietary intake was assessed by a semiquantitative Food Frequency Questionnaire
(FFQ), validated among Portuguese adults and adapted to include various typical Por-
tuguese food items [17,18]. The FFQ administered covers the previous 12 months before
inclusion in the study. It includes 82 food items or beverage categories and nine possible
options for the frequency of food consumption ranging from never/less than once a month
to six or more times per day (never or less than 1 time per month; 1 to 3 times a month;
once a week; 2—4 times a week; 5-6 times a week; once a day; 2-3 times per day; 4-5 times
per day; and 6 or more times per day). To convert the food intakes into grams, we used the
software Food Processor Plus ((Version 27) ESHA Research, Inc., Salem, OR, USA) adapted
to the Portuguese population by using the values from the Portuguese Tables of Food
Composition for typical Portuguese foods [19]. The nutritional content of local food was
taken from standard nutrient tables, whereas the content of commercial food (e.g., pizza
and ready-to-eat-food) was derived from labeled ingredients and nutrients. For soup, 26%
of this food has been considered for the calculation of the vegetable score considering that
the recipe for 350 g of “Juliana soup” requires 90 g of vegetables (excluding potatoes).

The degree of adherence to the traditional Mediterranean diet was assessed through
the alternative Mediterranean Diet (aMED) Score [20], a score developed based on the
Mediterranean-Diet Scale by Trichopoulou [21]. The aMED score was calculated for each
participant based on the estimation of the food consumption measured with FFQ. The
items included in this score were nine: vegetables, fruits, legumes, nuts, whole grains, fish,
red meat and processed meat, ethanol, and the ratio of monounsaturated fatty acids to
saturated fatty acids (MUFA /SFA). Vegetables, legumes, fruits, nuts, whole grains, and fish,
considered as beneficial components, were assigned a value of 1 when the consumption of
the subjects was above the sex-specific median, while when the consumption was below
the median, they were assigned a value of 0. Red meat and processed meats, considered
detrimental components, were assigned a value of 1 when the consumption of the subjects
was below the sex-specific median or assigned a value of 0 when they were above the
median. Alcohol was the only component in which the score was assigned according to the
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cut off; a value of 1 was assigned to men whose consumption was 5-25 g/day and women
who consumed 5-15 g/day. Finally, the MUFA /SFA was used to assess the quality of the
fat intake, giving a value of 0 to the participants whose MUFA:SFA ratio was below the
sex-specific median and a value of 1 to participants whose ratio was at or above the median.
So, the total score of a participant ranged from 0 (a minimal adherence to the traditional
Mediterranean diet) to 9 (a maximum adherence). A low adherence to the Mediterranean
diet has been considered when the score was between 0-3; a moderate adherence 4-5, or a
high adherence 6-9.

2.4. Dietary Intake Classified by Food Process Level

Dietary intakes were characterized using one 24 h dietary recall administrated by
trained researchers using a photographic book and household measures to quantify the
portion sizes [22]. The nutritional composition of the 24 h dietary recall was assessed using
an adapted Portuguese version of the nutritional analysis software Food Processor Plus
(ESHA Research Inc., Salem, OR, USA). Then, the food and beverage items were categorized
using the NOVA classification according to the degree and purpose of processing, into
four groups: unprocessed and minimally processed foods, processed culinary ingredients,
processed foods, and UPF [23]. The first NOVA group consists of unprocessed or minimally
processed foods, including the natural edible food parts of plants, animals, fungi, algae,
and water. The processes they normally undergo have the main purpose of preservation.
The second NOVA group consists of processed culinary ingredients derived directly from
nature or from group 1 food by pressing, refining, grinding, milling, and spray drying.
They are typically used to prepare, cook, or season unprocessed or minimally processed
foods. Generally, in these groups, the quantities are underestimated due to the difficulties
that participants have in estimating the amounts used for cooking and the participants
most often report the meals without specifying the ingredients of the recipe or report
the consumption of the ready-to-eat meals and away-from-home meals. The culinary
ingredients included in this category were mainly sugar and butter. Discretionary salt was
not included since it was not reported.

The third NOVA group consists of processed foods; these are usually made by adding
ingredients from the second group to foods from the first group to increase the durability
or palatability. Some foods included in this group were breads, cheeses, canned fish, beer,
cider, and wine. The fourth NOVA group consists of UPF and drink products; these are
industrial formulations made from processed substances extracted or refined from whole
foods and additives, with a small proportion of or even no group 1 foods. These products
are attractive, convenient, hyper-palatable, cheap, ready-to-consume or to heat, have a
long shelf-life, and are highly competitive with foods that are naturally ready to consume
and freshly prepared meals. Ingredients only found in UPF include additives with the
purpose of imitating sensory qualities (e.g., ice-cream, chocolate, candies, margarines and
spreads, and cookies). For each participant, the proportion of unprocessed and minimally
processed foods, processed culinary ingredients, processed foods, and UPF in total energy
(%kcal/day) and in total weight (%g/day) of food and beverages consumed was calculated.

2.5. 24-Urinary Sodium and Potassium

The 24 h urinary excretion of sodium and potassium is recognized as the most accurate
method to assess the dietary intake of these minerals. The parameters analyzed were
sodium (by indirect potentiometry), potassium (by indirect potentiometry), and creatinine
(by photometry). The validity of the 24 h urine samples was assessed considering the ratio
of urinary creatinine (mg/day) to body weight (kg) and samples were excluded for females
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when the creatinine (mg/d/kg) was <10.8 and >25.2 and for males when the creatinine
(mg/d/kg) was <14.4 and >33.6 [24].

2.6. Anthropometric Variables

Height (SECA 213 portable stadiometer, Hamburg, Germany) was measured according
to international standard procedures. With participants wearing light clothing and without
shoes, their body composition (fat mass), their body mass index, and their weight were
assessed using a Tanita MC180MA body composition analyzer (Tanita, Arlington Heights,
IL, USA).

2.7. Sociodemographic Characteristics

Sociodemographic characteristics (sex, age, marital status, and education) were as-
sessed using the sociodemographic questionnaire based on the WHO STEPS question-
naire [25].

2.8. Ethics

Ethical approval was provided by the Ethics Committee of the Centro Hospitalar
Universitario Sao Joao (Approval Code: 11/2019, Approval Date: 15 February 2019) and
good clinical practices regarding clinical trials with intervention were followed.

2.9. Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics for Windows, version
23.0 (IBM SPSS, Inc., Chicago, IL, USA). Differences were considered statistically significant
when p < 0.05.

The normality of the variables was assessed using the Kolmogorov—-Smirnov statistical
test. Descriptive statistics were used for the sociodemographic, culinary skills, and dietary
variables characterization presenting frequencies or as mean =+ standard deviation. The
differences between the sexes were analyzed by the Mann—-Whitney U-test for continuous
variables and an x? test for categorical variables.

The Spearman rank correlation was performed to examine the relationship between
the culinary skills score and the sociodemographic and dietary variables. Multiple lin-
ear regression was performed to analyze the association between culinary skills and the
Mediterranean diet adherence, with 95% confidence intervals.

Cluster analysis was conducted to classify participants into distinct groups based
on their culinary skills and adherence to the Mediterranean diet. Two variables were
included in the analysis: the Mediterranean Diet Adherence Score and the Culinary Skills
Score. Prior to clustering, both variables were standardized (z-scores). The analysis was
performed using Ward’s method. The squared Euclidean distance was used as the measure
of dissimilarity between participants. The number of clusters was determined to be three,
based on an inspection of the dendrogram and consideration of theoretical and practical
interpretability. The final clusters represented distinct participant profiles, characterized by
variations in Mediterranean diet adherence and culinary skills. These clusters were used
for subsequent analyses to explore the differences in dietary intake performing one-way
ANOVA test.

3. Results

The sample included 111 adults (60 women) with a mean age of 47.6 & 10.5 years
(Table 1). Women scored higher in culinary skills than men (5.1 & 0.9 vs. 4.0 + 1.1,
p < 0.001) and also showed greater adherence to the Mediterranean diet (5.1 & 1.9 vs. 3.8
£ 1.8, p = 0.001). Additionally, the sodium and potassium intake levels and the sodium-
to-potassium ratio estimated from 24 h urinary excretion, were lower in women. The
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Mediterranean diet adherence in this sample was 30.6% with low adherence, 35.1% with
moderate adherence and 34.2% with high adherence. The adherence to this dietary pattern
was better in women (p = 0.001).

Three participants reported not knowing how to cook, and men scored higher in
their willingness to learn (scale between 0 to 5 points) than women (Figure 1). However,
men were less confident in their cooking abilities (average 3.9 points vs. 4.3 points) and
expressed a greater desire to improve their cooking skills (average 4.5 points vs. 4.1 points),
without statistically significant differences. Overall, an enjoyment of cooking was similarly
positive across both sexes, with an average score of 3.7 points.

Table 1. Sample characteristics.

Total Men Women
n=111 n =51 n =60 P
Age years (mean =+ SD) 47.6 £10.5 49.1 £11.1 464 +9.9 0.2612
Educational level
Basic education % 55 6 5
Secondary education % 6.4 4 8.5 0.553 b
University education % 88.1 90 90
Marital status
Single % 17.4 16 18.6
Married % 67.9 72 64.4
Divorced % 11.9 10 13.6 0.846°
Widower % 2.8 2 34
Household persons (number) 30+12 29+1.0 31+13 0.208 @
Children in household Yes % 45.9 38 54.2 0.0922
BMI 26.0 £ 4.1 273 £3.6 250+£43 0.0012
Body fat % 262+7.0 224 +51 294 £ 6.8 <0.0014
Culinary Skills (six-point scale) (mean £ SD)
I consider my cooking skills as sufficient 47+ 14 42+15 51+11 0.002 2
1:‘;‘; 21"19 to prepare a hot meal without a 5.6+ 0.9 5.5+ 09 5.6+ 09 0.340 2
I am able to prepare gratin 51+14 48+15 54112 0.062 2
I am able to prepare soup 52+14 48+1.6 56 £1.1 0.001°
I am able to prepare sauce 37120 29+138 45+138 <0.001 2
I am able to bake cake 444+19 32420 54+ 1.1 <0.001 2
I am able to bake bread 34420 28+19 39+20 0.0072

Culinary Skills Score (06 points) 46+1.1 404+11 51409 <0.001 2
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Table 1. Cont.
Total Men Women
n=111 n=>51 n =60 P

Dietary intake (mean + SD)

Energy (kcal/d) 2096.8 £ 710.2 2130.6 £ 680.3 2091.7 £ 740.7 0.5162
Protein (g/d) 103.3 £ 39.4 103.4 £ 36.2 103.4 +£42.3 09702
Carbohydrates (g/d) 236.2 + 81.2 232.0+ 754 239.7 + 86.3 0.9852
Fat (g/d) 83.6 £39.3 84.9 £ 38.8 82.6 - 40.0 0.8812
Vegetables (g/d) 257.1 £175.5 246.4 +139.2 266.1 + 201.9 0.8712
Fruit (g/d) 304.0 +195.0 264.0 &= 165.3 337.9 + 212.6 0.0432
Pulses (g/d) 46.0 =443 48.7 £ 47.5 43.6 =41.7 0.6902
Nuts (g/d) 274 +£51.2 29.5+574 25.6 +45.7 0.4972
Whole grains (g/d) 37.9 £ 38.7 38.8 +=42.2 37.2 £ 35.8 0.666 2
Fish (g/d) 88.2 + 56.2 84.3 £47.7 915 + 62.6 0.5972
Red and processed meat (g/d) 459 + 30.7 50.4 +28.8 422 + 321 0.046 2
Alcohol (g/d) 6.1+9.1 9.7 £11.1 31+44 <0.001 2
MUFA /SFA 1.7+ 05 1.7£05 1.7+£05 0.8322
Mediterranean Diet Score (0-9 points) 45+19 3.8+18 51£19 0.001%
Sodium (mg/d) 3229.1 £1301.9 3859.0 £ 1291.3 2645.0 £ 1014.6 <0.001 2
Potassium (mg/d) 2657.9 £ 758.9 2964.8 £795.0 2373.3 £602.8 <0.001
Na/K 1.3 £0.6 1.4 +£0.6 1.2+£05 0.0312
NOVA 1 (% g/d) 80.9 £13.0 794 +£143 82.1 £11.8 0.438 2
NOVA 2 (% g/d) 03+05 02£02 04 =£0.6 0.0412
NOVA 3 (% g/d) 8.5 £85 10.8 £10.8 6.6 £52 0.0872
NOVA 4 (% g/d) 10.3 £10.4 9.6 £ 10.0 109 £10.8 0.5602
NOVA 1 (% kcal/d) 52.7 +19.0 54.7 +£17.9 51.0 £ 19.9 0.2982
NOVA 2 (% kcal/d) 2.6 6.0 1.4+£20 36+79 0.027 2
NOVA 3 (% kcal/d) 215+ 146 234+ 164 19.8 £12.7 03162
NOVA 4 (% kcal/d) 233+ 169 20.5+ 139 25.7 £ 189 0.2402

2 Mann-Whitney U test, ® Pearson Chi-Square.

The subjects with better culinary skills have a lower age, a higher number of persons

in the household, and better Mediterranean diet adherence (Figure 2). Culinary skills

increased with the increasing adherence to the Mediterranean diet, as well as the consump-
tion of nuts (g/d), the consumption of foods from the NOVA 2 group (kcal/d) and the
consumption of protein adjusted for the total energy intake (p = 0.35, p < 0.001) and the

fat adjusted for the total energy intake (p = 0.22, p = 0.025). No correlation was found

between the culinary skills score and the energy intake (p = 0.01, p = 0.953), and an inverse

correlation was found for the carbohydrates adjusted for the total energy intake (p = —0.20,

p = 0.040).
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Do you wish you knew how to cook 4-14 5
better? 43

www
NN N

.
.

How confident do you feel when
cooking?

Would you like to learn to cook?

4.3
3.9
4.1
If you do not know how to cook: 2.0 40
33
0.0 1.0 2.0 3.0 4.0 5

.0

mWomen ®Men mTotal

Figure 1. Culinary predisposition, enjoyment, and confidence.

The positive association between culinary skills and a Mediterranean diet adherence
was significant, with culinary skills explaining 27.2% of the variance in the Mediterranean
diet adherence (R? = 0.272) (Table 2). Each one-point increase in culinary skills was associ-
ated with a 0.27-point increase in the Mediterranean diet adherence (B = 0.272, p = 0.004).
When the association was adjusted for the age and number of persons in the household,
the overall model still remained significant, with an adjusted R? = 0.310, indicating an
independent positive association.

Table 2. Association between culinary skills and Mediterranean diet adherence.

B p 95% CI
Model 1 0.272 0.004 0.150; 0.788
Model 2 0.299 0.003 0.180; 0.845

Model 1—unadjusted model (linear regression model); Model 2—adjusted model for age and number of persons

on household.

The one-way ANOVA revealed significant differences between the clusters in energy,
protein, sodium, and potassium (Table 3). Post hoc Tukey tests showed that individuals
with high cooking skills and high Mediterranean diet adherence (Cluster 3) had significantly
higher energy intake (Cluster 2 vs. Cluster 3, p < 0.001), higher protein intake (Cluster 1 vs.
Cluster 3, p = 0.014), and lower sodium (Cluster 2 vs. Cluster 3, p = 0.006) and potassium
intake (Cluster 1 vs. Cluster 3, p = 0.016; Cluster 2 vs. Cluster 3, p = 0.001).
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Culinary Skills Score
Age (y)
Household persons (n)

Mediterranean Diet Score

Vegetables (g/d)

Fruit (g/d)

Pulses (g/d)

Nuts (g/d)
Whole grains (g/d)

Fish (g/d)

Red and processed meat (g/d)
Alcohol (g/d)

MUFA/SFA

Carbohydrates (g/1000 kcal)

Protein (g/1000 kcal)
Fat (g/1000 kcal)
Na (mg/1000 kcal)

K (mg/1000 Kcal)

Na:K

NOVA 1 (% g/d)

NOVA?2 (% g/d)

NOVAS3 (% g/d)

NOVA4 (% g/d)

NOVATL (% keal/d)

NOVA2 (% kcal/d)

NOVA3 (% kcal/d)

NOVAA4 (% kcal/d)

Culinary Skills Score

Age (y)

Household persons (n)

Mediterranean Diet Score

Vegetables (g/d)

Fruit (g/d)

Pulses (g/d)

Nuts (g/d)

Whole grains (g/d)

Fish (g/d)

Red and processed meat (g/d) |&

Alcohol (g/d)

MUFA/SFA

Carbohydrates (g/1000 kcal)

Protein (g/1000 kcal)

Fat (g/1000 kcal)

Na (mg/1000 kcal)

K (mg/1000 Kcal)

Na:K

NOVA 1 (% g/d)

NOVA2 (% g/d)

NOVA3 (% g/d)

NOVA4 (% g/d)

NOVAL1 (% kcal/d)

NOVA2 (% kcal/d)

NOVAS3 (% kcal/d)

NOVA4 (% kcal/d)

Figure 2. Correlation heatmap (significant correlations p < 0.05 at bold), p Spearman correlation coefficient. Red cells are positive correlations and blue cells are

negative correlations.
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Table 3. Cluster analysis of socioeconomic, dietary, and nutritional intake characterization of groups
based on their culinary skills and adherence to the Mediterranean diet.

Cluster 1 Cluster 2 Cluster 3
Dependent Low Cooking Medium High Cooking .
Vsriable Skills Cooking Skills Skills F (df1, df2) Vi a;;ue Post Hoc Significant Pairs
Low MedDiet Low MedDiet High MedDiet
n =40 n=33 n=35
Women n (%) 12 (30) 16 (48.5) 30 (85.7)

Culinarv Skills Cluster 1 vs. Cluster 2, p < 0.001
Scrg,re 33+07 51405 55+05 141.1 (2, 105) <0.001  Cluster 1 vs. Cluster 3, p < 0.001
Cluster 2 vs. Cluster 3, p = 0.024
Mediterranean Cluster 1 vs. Cluster 2, p = 0.001
Diet Score 42+1.8 29+1.0 63+1.1 51.3 (2, 105) <0.001 Cluster 1 vs. Cluster 3, p < 0.001
Cluster 2 vs. Cluster 3, p < 0.001
Cluster 1 vs. Cluster 2, p = 0.007
Age (years) 51.1+£10.7 43.7 £11.6 471+79 4.9 (2,105) 0.009 Cluster 1 vs. Cluster 3, p = 0.212
Cluster 2 vs. Cluster 3, p = 0.345
Cluster 1 vs. Cluster 2, p = 0.040
Energy (kcal/d) 2142.8 £ 738.8 1753.5 + 524.6 2408.0 £ 699.5 8.3 (2,104) <0.001  Cluster 1 vs. Cluster 3, p = 0.207
Cluster 2 vs. Cluster 3, p < 0.001
. Cluster 1 vs. Cluster 2, p = 0.252
Pr°t‘31‘:c‘;§/ 1000 463 + 82 493+ 84 516 + 73 02 (2,104) 0019  Cluster1vs. Cluster 3, p = 0.014
Cluster 2 vs. Cluster 3, p = 0.462
Carbohvdrates Cluster 1 vs. Cluster 2, p = 0.309
(g/lOOg,kcal) 117.6 £19.5 111.4 £ 16.4 109.2 £17.4 0.3 (2,104) 0.112 Cluster 1 vs. Cluster 3, p = 0.111
Cluster 2 vs. Cluster 3, p = 0.866
Fat (/1000 Cluster 1 vs. Cluster 2, p = 0.304
Keal) 370+ 8.0 394+6.0 407 £ 6.7 1.0 (2,104) 0.071 Cluster 1 vs. Cluster 3, p = 0.063
Cluster 2 vs. Cluster 3, p = 0.737
Sodium Cluster 1 vs. Cluster 2, p = 0.338
(mg/1000 keal) 1696.7 £ 786.8 1992.6 + 1156.1 1291.0 £ 612.1 0.9 (2,99) 0.008 Cluster 1 vs. Cluster 3, p = 0.138
Cluster 2 vs. Cluster 3, p = 0.006
Potassium Cluster 1 vs. Cluster 2, p = 0.419
(mg/1000 keal) 1434.2 4+ 558.3 1590.1 + 601.4 1084.2 4+ 337.7 2.8(2,99) 0.001 Cluster 1 vs. Cluster 3, p = 0.016
Cluster 2 vs. Cluster 3, p = 0.001
Cluster 1 vs. Cluster 2, p = 0.752
Na/K 1.2+05 1.3+0.7 1.2+0.6 0.3 (2,100) 0.717 Cluster 1 vs. Cluster 3, p = 1.000
Cluster 2 vs. Cluster 3, p = 0.762
NOVA 1 (% Cluster 1 vs. Cluster 2, p = 0.879
g/d) ° 80.6 + 14.3 791+ 147 92+16 3.3 (2,105) 0.751 Cluster 1 vs. Cluster 3, p = 0.953
Cluster 2 vs. Cluster 3, p = 0.733
o Cluster 1 vs. Cluster 2, p = 0.943
NO;//?DZ (% 03+03 02+03 04+07 2.0 (2,105) 0.392 Cluster 1 vs. Cluster 3, p = 0.556
Cluster 2 vs. Cluster 3, p = 0.396
NOVA 3 (% Cluster 1 vs. Cluster 2, p = 0.970
g/d) ? 9.6 £9.0 10.1 £10.5 63+49 3.1(2,105) 0.126 Cluster 1 vs. Cluster 3, p = 0.208
Cluster 2 vs. Cluster 3, p = 0.157
NOVA 4 (% Cluster 1 vs. Cluster 2, p = 0.905
g/d) ° 9.5+ 11.1 10.5 +10.9 11.8+94 0.3 (2, 105) 0.629 Cluster 1 vs. Cluster 3, p = 0.601
Cluster 2 vs. Cluster 3, p = 0.868
NOVA 1 Cluster 1 vs. Cluster 2, p = 0.808
(keal/d) 55.2+21.2 52.54+15.9 479 +17.8 1.7 (2, 105) 0.244 Cluster 1 vs. Cluster 3, p = 0.217
oxea Cluster 2 vs. Cluster 3, p = 0.577
NOVA 2 Cluster 1 vs. Cluster 2, p = 0.945
(keal/d) 1.8+21 14+1.9 44+102 4.9 (2,105) 0.086 Cluster 1 vs. Cluster 3, p = 0.168

Cluster 2 vs.

Cluster 3, p = 0.106
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Table 3. Cont.
Cluster 1 Cluster 2 Cluster 3
Dependent Low Cooking Medium High Cooking ~
Vpri bl Skills Cooking Skills Skills F (df1, df2) V,; Post Hoc Significant Pairs
anable Low MedDiet Low MedDijet High MedDiet atue
n =40 n=33 n =35
NOVA 3 Cluster 1 vs. Cluster 2, p = 0.957
(%keal/d) 224 +14.8 234+ 154 19.1 £ 139 0.4 (2,105) 0.448 Cluster 1 vs. Cluster 3, p = 0.596
? Cluster 2 vs. Cluster 3, p = 0.456
NOVA 4 Cluster 1 vs. Cluster 2, p = 0.840
(%keal/d) 20.6 +16.8 22.8+14.9 28.6 +17.8 0.3 (2,105) 0.108 Cluster 1 vs. Cluster 3, p = 0.098

Cluster 2 vs. Cluster 3, p = 0.322

significant correlations p < 0.05 at bold.

4. Discussion

Our hypothesis that better culinary skills would be positively associated with greater
adherence to the Mediterranean diet and improved nutritional intake was confirmed. This
study found that individuals with better culinary skills demonstrated significantly greater
adherence to the Mediterranean diet and a healthier nutritional intake profile, including
higher energy and protein intake and lower sodium intake. The findings from this study
highlight the significant associations between culinary skills, diet quality, and nutritional
intake, providing compelling evidence for the potential benefits of culinary education
interventions to improve dietary habits and health outcomes.

Better reported culinary skills were found on subjects with greater adherence to the
Mediterranean diet. Similarly, a study conducted among Portuguese adolescents found
that those with better cooking skills were more likely to adhere to the Mediterranean
diet [26]. In our study, the positive correlation between culinary skills and adherence to
the Mediterranean diet underscores the critical role of cooking proficiency in promoting
healthier eating patterns. The explanatory power of culinary skills on Mediterranean
diet adherence (R% = 0.272, adjusted R? = 0.310) is notable, emphasizing that even mod-
est improvements in cooking skills could lead to meaningful dietary behavior changes.
From a societal perspective, promoting culinary skills could thus serve as a powerful
public health intervention to foster healthier eating patterns and address diet-related non-
communicable diseases.

These results suggest that enhancing culinary skills through education can lead to
healthier dietary practices. However, the relationship between culinary skills and diet can
be complex, and must be viewed within a broader context that includes psychological, so-
cial, and environmental dimensions. Findings show that the determinants of home cooking
are more complex than simply possessing cooking skills and that potential positive associ-
ations between cooking, diet, and health require further confirmation [27]. Furthermore,
Lavelle et al. argue that food skills, which encompass a broader range of competencies
beyond cooking, are essential for improving diet-related health outcomes [28]. This com-
prehensive perspective underscores that culinary skill development alone, though vital, is
insufficient without addressing the broader food literacy spectrum including meal planning,
budgeting, and grocery shopping.

Gender differences observed in this study, with women exhibiting significantly better
culinary skills and Mediterranean diet adherence, reflect persistent gendered divisions in
domestic food labor. This finding is consistent with previous sociological research empha-
sizing the maternal role in family cooking and the transmission of culinary knowledge
to children is constructed as a maternal duty [29]. This suggests that gender-specific ap-
proaches may be necessary when designing culinary education programs. For instance,
targeting men with initiatives to boost cooking confidence and skill development might
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bridge the gap and enhance dietary adherence. Findings suggest that culinary skills should
not be singular targets of interventions designed to improve diet; but targeting specific
sub-groups of the population e.g., males and those with limited education might be more
fruitful [30].

The clustering analysis revealed that individuals with better culinary skills and better
Mediterranean diet adherence also had significantly higher energy and protein intakes,
without the differences found in the carbohydrate and fat intake. McGowan et al. [30] found
in a sample of 1049 adults aged 20-60 years drawn from the Island of Ireland that perceived
cooking skills significantly contributed to the dietary quality, particularly in relation to
lowering the saturated fat intake. The evidence related to culinary skills assessment and
nutritional intake is scarce; however, the relationship with the improvements in fruit
and/or vegetable intake is reported in several studies [31,32]. An interesting study with
18,460 adults from a Canadian Community Health Survey (CCHS) have highlighted that
adults with poor cooking skills were less likely to have an adequate fruit and vegetable
intake (>5 servings per day) or very good general health or mental health and more likely
to have obesity compared to advanced cooking skills [31]. The possible explanation could
be that individuals with better culinary skills and greater adherence to the Mediterranean
diet exhibited higher energy intakes with the increased consumption of nutrient-dense,
whole foods typical of the Mediterranean dietary pattern, which can be more energy-rich
but offer superior nutritional quality compared to highly processed foods, for example
olive oil. Both women and men were classified as overweight (BMI 25-29.9), yet the lower
BMI observed in women alongside their greater cooking competence and diet quality
suggests that culinary skills and dietary patterns may play a critical role in moderating
body weight and metabolic health despite differences in energy intake. These findings
highlight the complex relationship between energy consumption, food quality, cooking
ability, and obesity risk. They underscore the value of promoting culinary skills and
Mediterranean dietary adherence as effective strategies to improve diet quality and prevent
non-communicable diseases.

Our results present a significant relation between the culinary skills score and the
consumption of foods from the NOVA 2 group (consisting of processed culinary ingredients,
typically used to prepare, cook, or season), but no relevant associations were found with
ultra-processed foods. Otherwise, Fernandez et al. showed that not only are cooking skills
important, but the quality of ingredients also matter, since the subjects that cooked with
highly processed foods were less likely to have an adequate fruit and vegetable intake,
suggesting that limiting the use of processed foods in addition to improving cooking skills
are potential intervention targets to promote better health and diet outcomes [31].

The results showed that individuals with better adherence to the Mediterranean diet
and better cooking skills have a lower sodium intake. This could be partially explained
by differences in food choices, with women potentially favoring foods lower in sodium,
since women have lower sodium and potassium intake, although energy intake did not
differ significantly between women and men, greater adherence to Mediterranean Diet
and greater culinary skills. Recent research still emphasizes the importance of reinforcing
the efforts to reduce dietary sodium intake to improve public health [33], and the average
sodium intake of the subjects of this study was above the WHO’s recommended limit of
<2000 mg/day [34] (average intake 3229.1 £ 1301.9 mg/d). The reduction of the sodium
intake through hands-on kitchen education has been advoked by “Culinary Medicine”,
an emerging interdisciplinary discipline, that aims to empower healthcare professionals
and communities on how to prepare healthy meals. This hands-on kitchen education
approach empowers individuals to reduce their sodium intake and improve their health
through plant-forward diets, enhancing food literacy and flavor, offering disease-specific
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cooking modules, and providing culturally tailored nutrition education [35]. Findings
from intervention studies reinforce the effectiveness of cooking classes in lowering sodium
intake. A cluster randomized trial developed in China, where most dietary salt comes
from salt and high-salt condiments that are added during cooking, targets home cooks
and family members and was effective in lowering salt intake and blood pressure [36].
In Japan, cooking classes for housewives effectively reduced salt intake after a 2-month
intervention [37].

While the direct relationship between cooking skills and potassium intake hasn’t been
widely studied, it is plausible that improved cooking skills likely lead to the increase in
vegetable consumption [38,39] which can contribute to a higher potassium intake, given
that many vegetables are rich in this mineral. However, our results indicate that the aver-
age potassium intake (2657.9 & 758.9 mg/d) falls significantly below the recommended
3510 mg/day [40], and better culinary skills do not correlate with an increased potassium
intake. Other studies have also found no association between an adherence to the Mediter-
ranean diet and the potassium intake [41,42], suggesting further investigation is needed to
determine if culinary education can enhance potassium levels in diets.

Research has highlighted that developing cooking skills has long-term benefits for the
improvement of dietary behaviors and health outcomes [9]. Furthermore, cooking skills
programs have been associated with food literacy, particularly in improving confidence
and self-efficacy in cooking and increasing the fruit and vegetable consumption. Notably,
such interventions yield greater benefits for vulnerable, low-socioeconomic backgrounds,
highlighting their potential to reduce health disparities [43]. To maximize these benefits,
culinary skills education could be integrated into school curricula from an early age to
establish healthy habits or at the universities. Additionally, targeted interventions could be
offered for specific populations, such as pregnant individuals, through prenatal support
programs. Community health workers could be trained to deliver cooking skill interven-
tions within local communities and workplaces, increasing the reach and sustainability.
Furthermore, policies that incentivize health institutions to incorporate cooking classes into
preventive care, and support for funding community-based culinary education programs,
could facilitate broader implementation. These specific strategies aim to strengthen the
effectiveness and accessibility of cooking skills programs, thereby contributing to improved
public health outcomes.

This study has several strengths, including the use of validated instruments to assess
culinary skills and dietary intake, and the application of the NOVA classification to cate-
gorize food processing levels, providing a comprehensive evaluation of the participants’
food choices. The focus on culinary skills as a societal factor influencing the diet quality
adds valuable insight to the limited literature connecting food literacy, cultural practices,
and public health outcomes. However, some limitations must be acknowledged. The
cross-sectional design limits causal inferences, and the relatively small and geographically
restricted sample may affect the generalizability of the findings. Self-reported measures of
dietary intake and cooking skills are subject to recall and social desirability biases. Future
research should explore longitudinal designs, diverse populations, and interventions to
further clarify the role of culinary skills in shaping dietary behaviors and health across
different social contexts.

5. Conclusions

This study underscores the critical role of culinary skills as a societal determinant of
dietary behaviors and nutritional intake. Our findings highlight that fostering culinary
competence can contribute meaningfully to promoting healthier eating patterns, partic-
ularly greater adherence to the Mediterranean diet. Integrating cooking skills education
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into broader nutrition and public health strategies offers a promising, practical approach
to improving diet quality, reducing the burden of non-communicable diseases, and en-
hancing overall societal well-being. Furthermore, culinary education initiatives have the
potential not only to support individual health outcomes but also to preserve cultural food
practices, address social inequalities in food literacy, and empower communities toward
more resilient and sustainable food systems. Future interventions should consider targeted
approaches that address structural barriers to cooking, particularly among vulnerable and
underserved populations, to maximize their impact on health equity.
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