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ABSTRACT

Objective: This study aimed to examine the association of nutritional literacy levels and sustainable
nutritional behaviors with the risk of developing cardiovascular diseases and diabetes in the Turkish
adult population.

Methods: Sociodemographic information, disease history, nutritional habits, and physical activity
levels of 3146 volunteer individuals (male = 1590, female = 1556) between the ages of 40-75 were
collected using a questionnaire form and face-to-face interviews. The sustainable nutritional
behaviors of the participants were evaluated using Turkish validated scales for Sustainable and
Healthy Eating Behavior (SHE) and nutritional literacy levels with the Evaluation Instrument of
Nutrition Literacy on Adults (EINLA). Cardiovascular disease risks of the participants were assessed
with the Atherosclerotic Cardiovascular Disease (ASCVD) Risk Estimator program and the Heart
Score (SCORE) scale and type-2 diabetes risk with the Finnish Diabetes Risk Score (FINDRISC). Each
participant’s 24-h food consumption record was obtained using the retrospective recall method.
Results: It was determined that ASCVD and SCORE levels were significantly higher in males
compared to females. It was observed that individuals with lower cardiovascular and diabetes risk
scores had higher educational levels, and the risks increased significantly with age (p<0.05).
Anthropometric measurements such as body mass index, and waist hip circumference were
significantly higher in those with higher cardiovascular and diabetes risk scores. Furthermore, in
individuals with higher SCORE and FINDRISC levels, SHE and EINLA scores were significantly lower
(p<0.05). It was also observed that SCORE and diabetes risk scores increased with higher energy
and macronutrient intakes.

Conclusion: The risk of developing cardiovascular disease and diabetes was associated with
sustainable nutritional behaviors and nutritional literacy. It may be suggested that increasing
nutritional literacy and encouraging sustainable nutritional behaviors may be effective strategies in
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the management and reduction of the prevalence of certain chronic diseases.

KEY TEACHING POINTS

» Cardiovascular diseases and diabetes are two major chronic conditions that can be managed

and treated through proper nutrition.

» Increased nutritional literacy levels and sustainable dietary habits may result in reduced risk of

cardiovascular diseases and diabetes.

« Nutritionists should assess the patients’ nutrition literacy levels and implement sustainable,
health-focused nutrition education programs to enhance their understanding of nutrition.

Introduction

Sustainable nutrition involves a balanced intake of energy
and essential nutrients in diet without posing a negative
impact on the environment. Sustainable nutrition models
protect food systems and public health by preserving the
nutritional needs of future generations (1). The Food and
Agriculture Organization (FAO) has defined sustainable
healthy diets as dietary models that support the health and
well-being of individuals. Sustainable diets are low in envi-
ronmental impact, accessible, cost-effective, safe and equita-
ble, and culturally acceptable. The sustainable healthy diets
guiding principles, as recommended by FAO and WHO,
cover the health (minimally processed, balanced diet, with

whole grains, legumes, varied vegetables and fruits, reduced
animal based products, which are adequate in energy and
nutrients for growth and development and reduce the risk of
diet-related non-communicable diseases), environmental (lower
greenhouse gases, water and land use, reduce pollution, pre-
serve bio-diversity, minimize use of plastic derivatives for
packaging) and socio-cultural aspects (accessibility, cultural
acceptance and culinary practices, reduce food loss/waste) (2).
Plant-based dietary models such as the Mediterranean diet,
the Scandinavian diet, dietary approaches to stopping hyper-
tension (DASH), and vegetarian or vegan diets are stated as
sustainable diets because they use fewer natural resources
and cause less damage to nature (3-6).
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Plant-based diets have been accepted to have beneficial
effects on cardiovascular health due to their ameliorative
effects on cardiometabolic risk factors (7-10). In the Nurses’
Health Study, one of the largest cohort studies examining
the relationship between the Mediterranean diet and cardio-
vascular disease risk, 74,886 females were followed for
20years, and the risk of coronary heart disease was found to
be 29% lower and the risk of stroke was 13% lower in
women with high compliance with the Mediterranean
diet (11). Various studies have indicated that plant-based
diets can reduce all-cause mortality and cardiovascular
disease-related mortality (12,13), as well as optimize blood
pressure (14,15) and blood lipid profile (16,17), thus reduc-
ing the need for medication (16). It has been stated that
low-carbohydrate vegan and vegetarian diets contribute to
sustainability by reducing greenhouse gas emissions, blood
HbAlc levels, and systolic blood pressure. Therefore,
plant-based diets may be considered more environmentally
sustainable and reduce risk factors for cardiovascular disease
and diabetes complications (18).

The concept of nutrition literacy (NL) has increasingly
gained importance in supporting healthy nutrition and life-
style and has been proven that the development and
improvement of NL levels lead to effective and healthy
dietary changes (19,20). It is known that unhealthy eating
habits constitute an important risk factor for the onset of
chronic diseases such as cardiovascular diseases, cancer, dia-
betes, and obesity (21). Therefore, it may be inferred that
the development of NL will reduce the risk of chronic dis-
eases. Safeer et al. suggested that creating a treatment plan
considering the NL and health literacy levels of patients with
cardiovascular disease may be effective in combating cardio-
vascular diseases (22). Topan et al. reported that higher lev-
els of nutrition literacy are associated with more positive
attitudes toward cardiovascular health (23). A study con-
ducted in Germany reported that people with low health
literacy levels had a higher risk of developing type 2 diabe-
tes (24). Low health and nutrition literacy was also found to
be associated with behaviors that increased the risk of type
2 diabetes, such as smoking, a sedentary lifestyle, and
unhealthy eating habits (25). Nutrition literacy was reported
as an important factor in promoting and maintaining healthy
eating practices (23). Moreover, high NL would enable the
choice of foods that not only ensure health and well-being
but also support sustainable food systems (26).

To our knowledge, there is limited study evaluating the
relationship of sustainable dietary behaviors and nutrition
literacy with the risk of developing cardiovascular disease
and diabetes. This study was aimed to determine cardiovas-
cular disease and diabetes developmental risk, in adults liv-
ing in Turkey, and to evaluate the relationship with
sustainable dietary behaviors and NL levels.

Materials and methods
Study design, settings, participants

This cross-sectional study was conducted between
February and April 2024 with adults living in Turkey,

aged between 40-75years, and who had blood tests and
blood pressure measurements taken in the last 3 months.
A total of 3146 volunteers, 1590 males and 1556 females,
participated in the study. Individuals with a history of
chronic cardiovascular disease, diagnosed with diabetes,
cancer, hepatic and renal diseases, on a special diet pro-
gram, pregnant and breastfeeding females were excluded
from the study. The flow chart of the recruitment process
is given in Figure 1.

The biostatistical power analysis program G*Power 3.1
was used to determine the sample size of the study, and it
was calculated that a total of 2873 people should be
included in the study with 99% power, 0.08 effect size, and
a=0.05. The significance level in the study was accepted as
p<0.05.

This study was approved by the Istanbul Medipol University
Non-Interventional ~Clinical Research Ethics Committee
(No:50, E-10840098-202.3.02-622 dated 18.01.2024). Informed
consent forms were obtained from all adults who volunteered
to participate in the study. This study was conducted in
accordance with the principles of the Declaration of Helsinki.

Data collection tools and evaluation

A questionnaire form was prepared by the researchers to
collect the study data and was applied to all participants via
face-to-face interview method. The questionnaire included
items enquiring participants’ personal information, disease
history, daily meal count, and eating habits such as appetite,
and physical activity levels. In addition, the following mea-
surement tools were used on all participants.

Sustainable and Healthy Eating Behavior Scale (SHE)

The sustainable eating behaviors of the participants were
measured using the Turkish validated version of the
Sustainable and Healthy Eating Behavior Scale (SHE). The
scale had 7 sub-groups and 32 questions. It was scored on a
7-point Likert-type scale as: “never” 1 point, “very rarely” 2,
“rarely” 3, “sometimes” 4, “often” 5, “very often” 6 and
“always” 7 points. There was no overlapping value in the
evaluation and a greater total score indicated higher sustain-
able and healthy eating behavior (27).

Evaluation Instrument of Nutrition Literacy on Adults
(EINLA)

Nutrition literacy levels of the participants were assessed
using the Turkish validated version of the Evaluation
Instrument of Nutrition Literacy on Adults (EINLA) Scale.
The validated tool consisted of 5 sub-groups with a total of
35 items. In the sub-groups with items regarding knowledge
about general nutrition and food groups, 0-3 points were
considered as insufficient, 4-7 as borderline, and 8-10 as
sufficient. In the sub-group comprising of items with read-
ing comprehension and interpretation, food label reading
and numerical literacy, 0-2 points were considered as insuf-
ficient, 3-4 as borderline, and 5-6 as sufficient. Finally, in
the sub-group regarding food portion sizes, 0-1 points were
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3698 volunteers who agreed to participate in the study were evaluated

Those who do not meet the inclusion criteria

23 volunteers were excluded from the study because
they did not meet the age criteria (40-75 ages)

147 volunteers were excluded because of their chronic

diseases

32 volunteers were excluded because he followed a
special diet program

AV 4

3496 volunteers were included in the study

All volunteers who met the inclusion criteria
agreed to participate in the study

Those excluded from the study as a result of the evaluation

350 volunteers were excluded from the study because
of missing data.

3146 volunteers completed the study

Figure 1. Flow chart of the recruitment of the participants.

considered as insufficient, 2 as borderline, and 3 as suffi-
cient. The total EINLA score between 0-11 points was con-
sidered insufficient NL level, 12-23 borderline and between
24-35 was sufficient NL level (28).

Atherosclerotic Cardiovascular Disease (ASCVD) risk
estimator and SCORE

The Atherosclerotic Cardiovascular Disease (ASCVD) risk
estimator and SCORE scales were used to determine the
participants’ cardiovascular disease risk. The ASCVD risk
estimator tool determined the optimal risk, 10-year risk, life-
time risk, and optimal risk for cardiovascular diseases. A
total score of <5 was evaluated as low risk, 5-7.4 as border-
line, 7.5-19.9 as moderate, and >20 as high risk (29). The
SCORE scale, a risk assessment tool used online, developed
by the European Society of Cardiology, calculated 10-year
CVD risk using data on systolic blood pressure, cholesterol
levels, and smoking status. A score of <1 was defined as low
risk, 1-5 as moderate, =5 and <10 as high, and a score of
210 as very high risk (30).

Tip-2 Diabetes Risk Evaluation (FINDRISC)

The Type-2 Diabetes Risk Assessment (FINDRISC) tool was
used to determine the risk of type-2 diabetes for the partic-
ipants. The tool had 8 items with a total score between
0-26. The 10-year type-2 diabetes risk for participants was
evaluated using total FINDRISC scores and were defined as
low risk for a score <7 points, 7-11 as mild risk, 12-14 as
medium risk 15-20 as high risk, and a total score of >20
points as very high risk (31).

The participants’ 24-h food consumption records were
obtained using the retrospective recall method and the
“Food Photograph Catalog” (32). The data obtained from
the food consumption records were evaluated using the
Nutrition Information Systems Package Program (BeBiS), a
software program that analyzed the nutrient content of
foods. In addition to the questionnaire form, anthropometric
measurements such as height, body weight, waist circumfer-
ence, hip circumference and neck circumference of the par-
ticipants were taken. The body mass index (BMI) of each
participant was calculated with the formula “BMI=Body
Weight (kg)/Height (m?)”.
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Statistical analysis

IBM SPSS Statistics 22.0 was used for data analysis (33). For
descriptive statistics, mean (X), standard deviation (S), and
lower and upper values were used. The conformity of con-
tinuous data to normal distribution was analyzed with the
Kolmogorov Smirnov test. Chi-Square test was used for cat-
egorical variables in inter-group comparisons. Inter-group
comparisons for continuous data were conducted with the
Student’s T test for normally distributed variables and the
Mann Whitney U test for non-normally distributed vari-
ables. The results were evaluated at a 95% confidence inter-
val and at a significance level of p<0.05.

Results

A total of 3146 individuals of which 50.5%were male and
49.5% females, between the ages of 18-65 were included in
this study. The mean age of the individuals was 50.3 7.8 years.
Table 1 lists the SCORE, ASCVD, and FINDRISC levels as
per general characteristics of the participants (gender, mari-
tal status, education level, income status, disease status,
smoking, supplement use). The SCORE level of males was
significantly higher than that of females (p=0.000). When
evaluated in terms of ASCVD level, the majority of partici-
pants with high and very high ASCVD risk levels were
males and the difference with females was statistically signif-
icant (68.3%, 65.3%, respectively, p=0.000). Participants with
high level of education and income level belonged mostly to
the low-risk category group for cardiovascular (SCORE,
ASCVD) and diabetes risk (FINDRISC) scores as compared
to the high-risk group (p=0.000). It was also noted, that as
the average age increased, the rate of high cardiovascular
(SCORE, ASCVD) and diabetes risk (FINDRISC) rose sig-
nificantly (p=0.000).

Table 2 shows the cardiovascular disease (SCORE, ASCVD
10-year, ASCVD lifetime, ASCVD optimal risk scores) and
diabetes risk levels (FINDRISC mean score) according to
anthropometric measurements and physical activity of the
participants. The mean BMI of those with high SCORE,
ASCVD and FINDRISC levels (27.3+4.2 vs 23.8+4.1;
27.4+4.6 vs 26.0+4.2; 33.0+3.7 vs 23.6+2.7, respectively)
was significantly higher than those in the low-risk group
(p<0.05). Similarly, waist circumference (80.0+10.5 vs
95.9+15.0; 88.1+13.7 vs 96.8+15.4; 81.5+10.7 vs 106.4+13.0,
respectively) and hip circumference, (97.6+8.5 vs 105.9+13.3;
102.2+11.5 vs 105.0+14.4; 97.1+9.1 vs 117.5+12.3, respec-
tively) which are associated with chronic diseases were found
to be significantly lower in those with low SCORE, ASCVD
and FINDRISC levels compared to those in the high risk
group (p<0.05). While it was found that cardiovascular dis-
ease risk (SCORE) and diabetes risk levels increased (p <0.05)
with lower physical activity scores, the same relationship was
not found in ASCVD risk groups. ASCVD 10-year, lifetime
and optimal risk scores, as well as diabetes risk scores, were
also significantly higher in those with higher SCORE levels.

Total and sub-group score means of SHE and EINLA
according to the cardiovascular disease and diabetes risk lev-
els of the participants have been provided in Table 3. While

total SHE and EINLA mean scores showed a significant
decrease as the SCORE and FINDRISC risk levels increased
(p<0.05), the means of the ASCVD risk groups were not
significantly different from each other (p>0.05).

Table 4 shows the energy, macro and micronutrient
intakes of the participants and their respective cardiovascu-
lar (SCORE, ASCVD) and diabetes (FINDRISC) risk scores.
The SCORE risk level of the participants was found to rise
significantly with increased intake of energy (kcal), carbohy-
drate (g), protein (g), fat (g), saturated fat (g), cholesterol
(mg), sodium (mg), and calcium (mg). However, the energy
and nutrient intakes did not have significant effects on the
ASCVD risk groups. Diabetes risk (FINDRISC) level of the
participants rose significantly as their energy (kcal) intakes
(1538.9+£54.9, 1562.2+525.1, 1657.6 +571.2, 1738.9£572.2 vs
1890.8 £694.9, respectively). However, it was determined that
rise was not limited to energy alone but was also signifi-
cantly affected by increased intake of carbohydrate (g), pro-
tein (g), fat (g), saturated fat (g), monounsaturated fat (mg),
cholesterol (mg), sodium (mg), potassium (mg), calcium
(mg) and magnesium (mg) (p<0.05).

The correlation relationship of cardiovascular and diabe-
tes risk scores with SHE, EINLA, BMI and some dietary
characteristics of participants have been shown in Table 5. A
statistically significant weak positive correlation was found
between SCORE and ASCVD and FINDRISC score (r=0.294,
p=0.000; r=0.262, r=0.000, respectively). SCORE, ASCVD
and FINDRISC were significantly negatively correlated with
SHE (r=-0.46, p=0.010; r=-0.056, p=0.002; r=-0.155,
p=0.000, respectively), EINLA (r=-0.220, p=0.000; r=-0.222;
p=0.000; r=-0.202, p=0.000, respectively) scores and posi-
tively correlated with BMI (r=0.219, p=0.000; r=0.228;
p=0.000; r=-0.604, p=0.000, respectively).

A linear regression analysis showed that every one-unit
increase in the SHE scores caused a 0.03-unit decrease in
FINDRISC but had no effect on SCORE and ASCVD.
However, an increase in one unit of the EINLA score
reduced the SCORE risk by 0.185 units, the 10-year ASCVD
risk by 0.167 units, and the FINDRISC risk by 0.172 units.
In addition, one unit increase in the participants’ BMI mean
caused an increase in SCORE, ASCVD 10-year risk, and
FINDRISC risk by 0.184 units, 0.133, and 0.536 units,
respectively.

Discussion

Cardiovascular disease (CVD) constitutes the number one
cause of mortality in both developing and developed coun-
tries and is also among the most common causes of morbid-
ity and premature death in people with type 2 diabetes (34,
37). Healthy nutrition and lifestyle, which is the keystone for
prevention of chronic diseases, in individuals may be
attributed to their demographic and socioeconomic back-
ground, education, nutrition knowledge and awareness.
Association of socioeconomic status with health outcomes
are multifactorial and include effects on health services,
health-related behaviors, and environmental factors (38). In
this study, the association of sustainable dietary behaviors
and nutritional literacy, along with other socio-demographic
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Table 5. The correlation between SCORE, ASCVD, FINDRISC scores and SHE, EINLA, BMI and some dietary intakes of the participants.

Saturated fat (g) Cholesterol (mg)

ASCVD FINDRISC SHE EINLA BMI (kg/m?) Energy (kcal) Fat (g)

SCORE

P-value

r
0,049
0,065

P-value
0,000

r

0,089

P-value
0,000

r

0,093

P-value
0,000

r

0,147
0,200

P-value

r

0,219

P-value
0,000

r
—-0,220
-0,222
—-0,202

P-value
0,010

r
—0,46
-0,056
—-0,155

P-value
0,000

r P-value r
0,784 0,000 0,294

P-value

r

0,006

0,000

SCORE

0,000

0,000 0,108 0,000
0,092

0,131

0,000

0,228 0,000

0,000

0,002

0,000

0,262

0,000

0,784
0,294

ASCVD

0,037 0,040

0,000

0,604 0,000 0,121 0,000 0,086 0,000

0,000

0,000

0,262 0,000

0,000

FINDRISC

Pearson corelation.
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variables were evaluated for the risk of developing cardiovas-
cular disease (SCORE and ASCVD) and diabetes (FINDRISC).

Results of this study indicated that risk of CVD and dia-
betes increased with age, lower level of education and
income level. Males had a higher susceptibility to both dis-
eases as compared to females. Several studies have also
reported that education level is inversely associated with
CVD in type 1 and 2 diabetes (35,36, 39). The authors have
stressed providing special attention in patients particularly
from lower socio-economic background to prevent CVD risk
and mortality (35). Although there are studies that report
high FINDRISC scores in females (40), other studies from
Western Europe, North America, and Australia have reported,
a higher risk of diabetes in males than in females (41,42)
and a higher rate of undiagnosed diabetes especially in
males (43-45). In general, there is a wide gender gap in dia-
betes prevalence among countries, and different biological,
cultural, lifestyle, environmental, and socioeconomic factors
influence the predisposition, development, and clinical pre-
sentation of diabetes (46).

Body composition and especially excessive (visceral) fat
accumulation is closely related to atherosclerosis and onset
of CVD. Therefore, anthropometric measurements are fre-
quently used to evaluate the clinical course of patients and
to control cardiovascular risk factors. Traditional anthropo-
metric measurements such as total body weight, BMI, waist
and hip circumference are essential to improve risk estima-
tion and risk factor monitoring (47). In this study, BMI
mean values of individuals with high SCORE, ASCVD and
FINDRISC levels were found to be significantly higher than
those in the low-risk group. Waist and hip circumferences
were also found to be significantly lower in those with low
SCORE, ASCVD and FINDRISC levels than in those in the
high-risk group. At the same time, a significant positive rela-
tionship was found between BMI and the risk level of car-
diovascular disease and diabetes. In a cohort study conducted
on 1346 middle-aged men and followed for 10years, Lakka
et al. reported that an increase in waist circumference and
BMI directly increased the risk of CVD (48). Similarly, Zen
et al. reported that a BMI of >30kg/m2 versus <25kg/m2
increased the risk of CVD by 2.3 times (49).

A study conducted with 164 physicians and nurses working
and volunteering at a Health Practice and Research Hospital in
southeastern Turkey evaluated the relationship between type-2
diabetes risk and healthy lifestyle behaviors in healthcare
workers. As the level of healthy lifestyle behaviors decreased,
the risk of diabetes increased. High blood glucose values and
daily exercise, along with BMI, were other predictors and were
found to have a cumulative effect on diabetes risk by 65%
(50). In another study investigating the relationship between
healthy lifestyle behaviors of students and the risk of type-2
diabetes mellitus, the mean FINDRISC scores increased as
waist/hip and waist/height ratio increased in female students.
FINDRISC scores were also reported higher in students with
a BMI value of =30 (51).

The concept of NL, derived from health literacy, may be
defined as the extent to which individuals possess the ability
to obtain, comprehend and adopt basic nutrition (52). Taylor
et al. studied NL level of 386 patients with diet related
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chronic diseases and reported that good NL enables individ-
uals to make healthy diet choices, resulting in better health
outcomes (53). Michou et al. in their study with Greek
adults having chronic diseases noted that after controlling
for gender, age and education, chronic disease was negatively
associated with lower NL (54).

According to the results of our study, CVD risk (SCORE)
level increased as the rates of adequate literacy decreased,
and it was significant in all sub-groups of EINLA. Similarly,
it was found that as the FINDRISC risk level increased, as
EINLA levels decreased, and it was significant for all but
one sub-group. A weak correlation was found between
EINLA and SCORE, ASCVD and FINDRISC. There is lim-
ited study evaluating the relationship of NL specifically with
the risk of developing cardiovascular disease and diabetes.

However, in a study conducted by Tseng et al. in 2017 in
patients with type-2 diabetes in northern Taiwan, inadequate
health literacy was found to be significantly associated with
poor glycemic control (55). Various studies have shown that
there is a relationship between health literacy in society and
CVDs or risk factors (56-58). Nutrition therapy has a role in
both prevention and treatment of chronic diseases and one of
the most effective tools for successful nutrition therapy is
nutritional literacy. A study conducted on a total of 150
adults with cardiovascular disease or risk factors in Turkey, it
was determined that all participants had borderline NL (59).

Sustainable healthy nutrition is a low environmental
impact, accessible, economical, reliable, equitable and cultur-
ally acceptable nutritional pattern that supports the health
and well-being of individuals in all aspects (2). Studies show
that sustainable nutrition has a protective role in preventing
body weight gain, obesity and the risk of chronic diseases
(60,61). Another study reported that, switching people to a
sustainable diet would reduce the risk of developing cardio-
vascular diseases and diabetes, especially obesity, which is
one of the non-communicable diseases since they would
consume less processed and packaged foods that contribute
to obesity, reduce their saturated fat intake, consume less
animal-based foods, and prefer more plant-based foods (62).
Similarly, in this study SCORE and FINDRISC risk levels
significantly decreased along with a decrease in BMI in the
participants as their sustainable and healthy eating habits
(SHE) scores increased, however the change was not signif-
icant in ASCVD risk groups.

Healthy eating habits focus on replacing saturated fat
with unsaturated fat, reducing salt intake, choosing a
plant-based diet rich in fiber, consuming fish frequently, and
limiting sugar-sweetened beverages and processed meat
intake (63). When the energy, macro and micronutrient
intakes of the participants in this study were examined
according to their cardiovascular and diabetes risk scores, it
was found that as the SCORE and FINDRISC risk levels
increased, as their energy (kcal), carbohydrate (g), protein
(g), fat (g), saturated fat (g), cholesterol (mg), sodium (mg),
and calcium (mg) intakes increased significantly. However,
the participants’ energy and nutrient intakes did not change
significantly for the ASCVD risk groups.

Another study conducted in Turkey investigated whether
dietary patterns were a risk factor for cardiovascular diseases

in individuals. Like this study, SCORE and ASCVD risk
assessment systems were used to determine cardiovascular
disease risk. The study reported that participants’ increased
energy, saturated fat, and carbohydrate intake increased the
risk of CVD (64). Since inflammation plays a critical role in
the development and progression of CVD (65) and inflam-
matory status is decreased by low energy intake, calorie
restriction was suggested to reduce the risk of CVD (66).
Hypercholesterolemia is one of the most important risk fac-
tors for cardiovascular disease. Monounsaturated fatty acid
and polyunsaturated fatty acid intakes were associated with a
lower risk of CVD and death, while saturated fatand trans-fat
intakes were associated with a higher risk of CVD (67).
Adding fructose and glucose to the diet causes weight gain
and a significant increase in fat mass. However, while visceral
fat tissue increases are observed in those with fructose added
to the diet, subcutaneous fat accumulation increases are
observed in those with glucose added. Significant data sug-
gests that visceral fat tissue increase is associated with cardio-
vascular diseases and metabolic diseases such as T2DM when
compared to subcutaneous fat accumulation (68). The rela-
tionship between a high-fat diet and impaired insulin has
been demonstrated in many in vivo and in vitro studies.
However, the cellular mechanisms responsible for the decrease
in insulin sensitivity with a high-fat diet have not been fully
defined. Animal and human studies show that a high-fat diet
significantly impairs the effect of insulin, reduces skeletal
muscle glucose metabolism, and reduces the ability of insulin
to suppress hepatic glucose production. As a result, high-fat
and fructose diets increase the risk of diabetes by causing an
increase in blood sugar (69). Although the exact connection
between fructose and cholesterol metabolism is not very well
understood, recent animal studies show that high fructose
diet induces an elevation of hepatic cholesterol. In a study
conducted by Ya-Nan et al on hepatic carbohydrate respon-
sive element binding protein (ChREBP) knocked-out mice,
cholesterol level was found to be low, and it was suggested
that ChREBP had a potential role in fructose-regulated cho-
lesterol metabolism (70). Fructose is known to promote
hepatic lipogenesis, primarily because the liver is the main
organ responsible for metabolizing fructose. When fructose
enters glycolysis through the formation of fructose-1-phos-
phate, it bypasses the key regulatory step of the pathway,
which is normally controlled by phosphofructokinase. This
leads to an excessive production of lipogenic intermediates,
such as acetyl-CoA and glycerol-3-phosphate which eventu-
ally activates lipogenesis and cholesterol synthesis. Additionally,
fructose has the ability to activate sterol regulatory
element-binding protein-1c (SREBP-1¢) in an
insulin-independent manner, which in turn stimulates the
expression of genes that are involved in de novo lipogenesis
in the liver (71).

This study has several notable strengths that distinguish it
in the field of dietary behavior research, as it evaluates the
effects of both NL and sustainable eating behavior on the risk
factors of cardiovascular diseases and diabetes in a large study
sample from Turkey. Not only does it provide a unique insight
into dietary patterns and behaviors regarding the risk of car-
diovascular diseases and diabetes but also addresses nutritional



interventions and public health strategies, especially for indi-
viduals suffering from chronic diseases. However, this study
also has some potential limitations. Firstly, the data on the
questionnaire form was self-reported by the participants and
may have included reporting bias. Secondly, the 24-h retro-
spective dietary intake record used to calculate energy and
macronutrient intakes may not have accurately reflected the
routine dietary habits of the participants.

Conclusion

Sustainable nutrition behaviors and NL levels were signifi-
cantly lower in individuals who were at elevated risk of
developing cardiovascular disease and diabetes. Moreover, it
was determined that an increase in NL levels reduced the
risk of developing both cardiovascular disease and diabetes,
while an increase in sustainable nutrition behaviors reduced
the risk of developing diabetes but had no significant effect
on the risk of cardiovascular disease. As per the results, it
may be recommended to determine the NL levels of individ-
uals and provide sustainable and healthy nutrition education
to increase the NL levels of individuals. The findings of this
study also emphasize the importance of medical nutrition
therapy by a dietician, in managing cardiovascular disease
and diabetes risk factors and providing nutrition education
to individuals within the scope of medical nutrition therapy.
It is also recommended that risk screenings be conducted in
groups with a higher risk of chronic disease in society, such
as the elderly and individuals with low socio-economic sta-
tus, and appropriate sustainable nutrition and nutrition edu-
cation interventions be included within the program.
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