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Abstract: The increasing prevalence of prediabetes globally does not bode well for the growing
epidemic of type 2 diabetes (T2D) and its complications. Yet there is a lack of studies regarding
lifestyle patterns (LPs) and their association with prediabetes. The present study aimed to examine
the association of different LPs with the existence of prediabetes in adults from families at high risk
for T2D in Europe. In total, 2759 adults (66.3% females) from six European countries were included
in this cross-sectional analysis using data from the baseline assessment of the Feel4Diabetes study.
Anthropometric, sociodemographic, dietary and behavioral data were assessed, and fasting blood
glucose measurements were also obtained. LPs were derived via principal component analysis.
Two LPs were derived, explaining 32% of the total variation. LP 1 was characterized by breakfast
consumption, high consumption of fruits and berries, vegetables and nuts and seeds, and low
consumption of salty snacks and soft drinks with sugar, while LP 2 was characterized by high
consumption of salty and sweet snacks, soft drinks with sugar and juice with sugar and sedentary
behavior. After adjusting for various confounders, LP 2 was positively associated with the existence
of prediabetes (odds ratio = 1.02, 95% CI 1.01-1.04), while LP 1 was not significantly associated with
prediabetes. Understanding LPs would provide necessary evidence for planning intervention and
education strategies for prediabetes and T2D.
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1. Introduction

Prediabetes is increasingly recognized as an important metabolic state; it is typically
an umbrella term encompassing impaired fasting glucose (IFG) and/or impaired glucose
tolerance (IGT) [1]. However, comprehensive global prevalence data on prediabetes are
lacking. In 2021, the International Diabetes Federation (IDF) estimated the global IGT
prevalence at 10.6% in both men and women [2]. The latter estimate corresponds to
approximately 541 million adults aged 18-99 years, and in 2045, the prevalence of IGT is
expected to increase in young adults (aged 45 years or younger) and the very old (aged
70 years or older) and slightly decrease among middle-aged adults (aged 45-69 years). [2].
The vast majority of individuals with prediabetes (72.2%) reside in low- and middle-income
countries (LMICs); the North American and Caribbean regions have the highest IGT
prevalence (13.8%), and the European region has the lowest prevalence (5.1%) [2]. The
increasing prevalence of prediabetes globally is a major public health concern and does not
bode well for the growing epidemic of diabetes and its complications. The natural history
of the condition is well documented, its detection can be straightforward, and evidence for
its effective treatment has accumulated over the past two decades [1]. However, there is
controversy regarding the optimal definition of prediabetes, and active recognition and
treatment of prediabetes have lagged, as clinicians may fail to see it as a disease state that
needs addressing.

Prediabetes is a complex metabolic state with various risk factors which are the same as
those for type 2 diabetes (T2D), including family history, existence of other chronic diseases
(i.e., hypertension and dyslipidemia) and behavioral risk factors. Overweight/obesity, diet
and physical inactivity are the most dominant. Intervention strategies applied to prediabetic
subjects range from specific foods to combined diets incorporating an amalgamation of
food types. In their majority, specific food/food groups including grains, plant-based
foods and nuts [3-11] as well as specific diets (i.e., low-calorie and low-glycemic-index
diet) [12-17] seem to have a protective role in the onset of prediabetes. Moreover, many
studies have indicated that a combination of diet and exercise has demonstrated better
results than each of these alone [18,19], highlighting the need for more lifestyle alterations.

However, it should be noted that the majority of previous studies followed the ap-
proach of assessing single nutrients or food items, instead of assessing patterns. Never-
theless, it is accepted that people do not eat isolated nutrients, but they consume meals
consisting of a variety of foods with complex combinations of micro- and macronutrients.
Moreover, food-specific analyses in relation to the characteristics of people or incidence of a
disease share many methodological limitations (i.e., high collinearity of the food variables,
inability to test for the synergistic effects of foods, etc.). Thus, it has been at least two
decades since several investigators in the field of nutritional epidemiology have suggested
using a holistic approach when exploring its impact on disease prevention, giving much
attention to pattern analysis [20,21]. Compared to the classical methods used in nutritional
epidemiology, the approach of the lifestyle pattern confers a holistic representation in
investigating the predisposing factors for the emergence of non-communicable chronic
diseases (NCDs) [22]. Instead of examining a single factor (e.g., diet, physical activity,
smoking, alcohol consumption and sleep) and its association with health/illness, this ap-
proach studies the entire lifestyle pattern and the interrelationships that may exist between
these various lifestyle factors. As a result, a lifestyle pattern is distinguished as a dynamic
interaction between factors, rather than emphasizing each individual factor.

Yet there is a lack of studies regarding lifestyle patterns and their association with
prediabetes. However, individuals with prediabetes are at risk for future T2D, while
prediabetes is also associated with a high burden of cardiometabolic risk factors and
poor outcomes. Thus, the effects of a lifestyle pattern on health would outweigh those
of its components taken individually (diet, physical activity, etc.) and could thus detect
more associations and implications in real life. Therefore, following the holistic approach,
the present work aimed to examine the possible association of lifestyle patterns with
prediabetes in adults from families at high risk of T2D in Europe.
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2. Materials and Methods
2.1. Study’s Design

This cross-sectional study was a secondary analysis of baseline data of high-risk fami-
lies participating in the large pan-European population-based cohort, the Feel4Diabetes
Study (Families across Europe following a healthy Lifestyle for Diabetes prevention).
Feel4Diabetes was a large school- and community-based intervention among families
from vulnerable groups in six European countries, undertaken from 2016 to 2018 (Na-
tional Clinical Trial number, NCT02393872; https:/ /feel4diabetes-study.eu/, accessed on
15 June 2023). The aim of the intervention was to promote a supportive social and physical
environment in home and school settings to assist families in adopting a healthy and active
lifestyle. In Bulgaria and Hungary (i.e., LMICs), all families were considered vulnerable
and eligible to participate in the study, while in Belgium, Finland, Greece and Spain (i.e.,
high income countries-HICs), families from municipalities with the lowest educational
level or the highest unemployment rate (as retrieved from official resources and authorities)
were included as vulnerable groups.

During the first-stage screening, in each country, primary schools located in the se-
lected “vulnerable” areas were used as the entry point to the community. Children attending
the first three grades of compulsory education as well as their parents and grandparents
(wherever feasible) were recruited to the study. Of these recruited families, the “high-risk
families” were identified based on T2D risk estimation, using the Finnish Diabetes Risk
Score (FINDRISC) questionnaire. A family was regarded as “high-risk” if at least one parent
fulfilled the country-specific cut-off point for FINDRISC that indicated increased T2D risk
(for the majority of countries, considering the young age of the participants, that was set as
a FINDRISC score > 9). Self-administrated FINDRISC questionnaires were collected from
11,396 families, and then, all the parents and/or grandparents of the “high-risk families”,
irrespectively of their individually calculated FINDRISC, were invited to undergo a more
detailed assessment (second screening) delivered in local community centers or during
home visits (in Belgium). From the identified “high-risk families”, 3148 parents from
2535 families underwent the second screening. A detailed description of methods has been
previously published [23,24].

2.2. Bioethics

The Feel4Diabetes study adhered to the Declaration of Helsinki and the conventions
of the Council of Europe on human rights and biomedicine [23]. All participating countries
obtained ethical clearance from the relevant ethical committees and local authorities. More
specifically, in Belgium, the study was approved by the Medical Ethics Committee of the
Ghent University Hospital (ethical approval code: B670201524437); in Bulgaria, by the
Ethics Committee of the Medical University of Varna (ethical approval code: 52/10-3-2016r)
and the Municipalities of Sofia and Varna, as well as the Ministry of Education and Science
local representatives; in Finland, by the hospital district of Southwest Finland ethical
committee (ethical approval code: 174/1801/2015); in Greece, by the Bioethics Committee
of Harokopio University (ethical approval code: 46/3-4-2015) and the Greek Ministry of
Education; in Hungary, by the National Committee for Scientific Research in Medicine
(ethical approval code: 20095/2016/EKU); and in Spain, by the Clinical Research Ethics
Committee and the Department of Consumers” Health of the Government of Aragén
(ethical approval code: CP03/2016). All participants gave their written informed consent
prior to their enrolment in the study.

2.3. Study Population

From the 3148 parents who underwent the second screening, 106 (3.4%) were excluded
from the current analysis because they were new cases of diabetes type 2, and 283 (9%)
participants because they were under any treatment for prediabetes and/or diabetes. As
a result, the total sample of the present study consisted of 2759 adults from the “high-
risk families”, including individuals with normal fasting plasma glucose (FPG) levels,
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undiagnosed prediabetes and who were not under any treatment for prediabetes and/
or diabetes.

2.4. Anthropometry

For the weight measurement, the participants had to wear light clothing and remove
the shoes, while for the height measurement, they had to stand in an erect position with-
out shoes, shoulders relaxed, arms by the side and head aligned in the Frankfort plane.
Weight was recorded to the nearest 0.1 kg using a calibrated SECA digital scale (SECA 813,
Hamburg Germany), and height was recorded to the nearest tenth of a centimeter (i.e.,
0.1 cm) using a telescopic stadiometer (SECA 213). All volunteers were categorized by the
body mass index (BMI) cut-off points. BMI was calculated by the formula [weight/ heightz].
Waist circumference (WC) was measured midway between the lowest rib margin and the
iliac crest to the nearest 0.1 cm using a non-elastic measuring tape (SECA 201). BMI and
WC were classified based on the World Health Organization (WHO) criteria [25].

2.5. Blood Indices

Blood tests were performed on the same day with the anthropometric measurements
by professional staff on all participants in the morning (8:30-10:30) after 12 h overnight
fasting. Measurements of FPG were acquired. Blood samples directed for glucose mea-
surement were collected in tubes with sodium fluoride (10.0 mg) and potassium oxalate
(8.0 mg) for the inhibition of glycolysis. Participants were classified according to the
American Diabetes Association (ADA) criteria in the following categories: normoglycemic
(FPG <100 mg/dL; 5.6 mmol/L), prediabetics (FPG 100-125 mg/dL; 5.6-6.9 mmol/L)
and having T2D (FPG > 126 mg/dL; 7.0 mmol/L) [26]. Measurements of serum total
and high-density lipoprotein (HDL) cholesterol and triglyceride (TG) levels were also
acquired. Low-density lipoprotein (LDL) cholesterol was calculated using the Friede-
wald formula [27]. Dyslipidemia was defined as total cholesterol (TC) > 200 mg/dL,
TG > 150 mg/dL, LDL-C > 130mg/dL, or HDL-C < 40 mg/dL (for men) and
HDL-C < 50 mg/dL (for women) [28].

2.6. Blood Pressure Measurement

Blood pressure was measured on the right arm, in a sitting position using electronic
sphygmomanometers (OMRON M6 or OMRON M6 AC) after five minutes of rest, on
three occasions, at one-minute intervals. The measurements were conducted in a private,
quiet place with proper temperature. The existence of hypertension (HTN) was based on
elevated systolic blood pressure (SBP), diastolic blood pressure (DBP) or both according to
the latest European guidelines [29].

2.7. Dietary Assessment

Dietary information was derived from adults using a questionnaire measuring the
frequency of meals and snacks, the frequency and quality of consumption of certain types
of food at breakfast, and the reasons for skipping breakfast. Moreover, participants were
asked to record the quantity (i.e., in cups or portions per day or week), quality (white
or whole wheat products, type of meat, type of snacks) and frequency of consumption
of particular types of food and beverages (dairy products, bread, fats, fruits and berries,
vegetables, legumes, red meat, processed meat, white meat, fish, seafood, salty snacks,
sweet snacks, nuts and seeds, water, tea, coffee, alcoholic beverages, sugar or non-sugar
sweetened soft drinks). Regarding frequency, the answer options were <1, 1-2, 34, 5-6 or
7 times per week [30,31].
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2.8. Demographic and Behavioral Characteristics

Standardized self-reported questionnaires (translated into each local language) were
used for all study participants to gather information on basic sociodemographic character-
istics (age, ethnicity, education level, marital status, occupation) along with information
concerning smoking, physical activity, sedentary behaviors (i.e., sitting hours, screen time)
and sleep duration as well as their determinants.

2.9. Statistical Analysis

Continuous variables were checked for normality using the Kolmogorov—Smirnov
test and are presented as median and interquartile range (IQR, 25th—75th percentile), while
categorical variables are presented as frequencies. Kruskal-Wallis test for independent
samples was used to evaluate mean differences of the continuous variables due to non-
normality of the data. Associations between categorical variables were tested by the
calculation of the chi-square test.

To obtain lifestyle patterns, the factor analysis with the principal components method
(PCA) was applied [32]. Dietary intake of specific food groups/beverages (i.e., fruits
and berries, vegetables, legumes, salty snacks, sweet snacks, soft drinks with sugar, juice
with sugar, nuts and seeds and alcohol) and lifestyle habits (i.e., breakfast consumption,
sedentary behavior) were included in the analysis. The correlation matrix of the variables
used showed that there were several correlation coefficients with absolute value >0.3;
moreover, the phi coefficient (another measure of the inter-relationship of variables) was
0.61, and the Kaiser-Meier—OKklin criterion was 0.62 (which suggests very good inter-
correlation). Therefore, the factor analysis would be effective for assessing meaningful
lifestyle patterns. An orthogonal rotation (rotate with varimax option) was used to derive
optimal non-correlated components (i.e., lifestyle patterns). A correlation matrix was used
for the extraction of the components. The information was rotated in order to increase the
representation of each variable as a component [32]. According to the criterion proposed
by Kaiser, i.e., the number of components that should be retained is equal to the number of
eigenvalues that are greater than 1, since these components explain more information than
the individual variables; it was also concluded that the first two components should be
extracted here. Based on the principle that the component scores (loadings) are interpreted
similarly to correlation coefficients [32] and thus higher absolute values indicate that the
variable contributes most to the construction of the component, the components (patterns)
were named according to scores of the variables that were >0.3.

Furthermore, multiple logistic regression analysis was applied to evaluate the as-
sociation of the lifestyle patterns derived with the existence of prediabetes. The analy-
sis accounted for the potential confounding effect of the following characteristics: age,
sex, education (measured in years) as a proxy of social status, smoking status (never
smoked /former smoker/current smoker) and waist circumference (measured in cm). Three
different models were applied for each lifestyle pattern. Model 1: adjusted for age and sex;
Model 2: age, sex, education level, smoking; Model 3: age, sex, education level, smoking,
waist circumference. The results are presented as odds ratios (ORs) and their correspond-
ing 95% confidence intervals (95% Cls). All reported p-values were based on two-sided
tests. Statistical calculations were carried out using SPSS 25 software (SPSS Inc., Chicago,
IL, USA).

3. Results
3.1. Characteristics of the Participants

In Table 1, the basic characteristics of the 2759 participants by country category are
presented. The median age of the participants was 41 (IQR: 38-45), and most of them were
women (66.3%). One-quarter of participants had less than 12 years of education (25.6%)
and were current smokers (25.6%), with these percentages being statistically significantly
lower in HICs compared with other country categories (p < 0.001). Moreover, almost
one-quarter of participants (24%) had undiagnosed prediabetes, with these percentages



Nutrients 2023, 15, 3155

6 of 13

being statistically significantly higher in HICs compared with LMICs (29.1% vs. 13.8%)
(p < 0.001). With regard to weight status, the median BMI was 28 (IQR: 25-32). Regarding
LMICs, participants had statistically significantly lower waist circumference and FPG than
HICs (p < 0.001). Finally, participants were more likely to consume breakfast 4 days per
week and spend at least 5 h per day sitting (Table 1).

3.2. Lifestyle Patterns

As described above, based on the PCA, the two first components that explained 32% of
the total variation were studied here. The loadings for the two components (patterns) that
represent the correlation of each lifestyle variable with the corresponding component are
presented in Table 2 (in bold are the coefficients with absolute loadings >0.3, meaning those
that are better correlated with the component). Since the higher absolute values indicate
that the lifestyle variable contributes more to the characterization of the component [32], it
could be suggested that the extracted components are characterized as follows: (a) a lifestyle
pattern (component 1), which loaded heavily on breakfast consumption, high consumption
of fruits and berries, vegetables and nuts and seeds, and low consumption of salty snacks
and soft drinks with sugar, and (b) a lifestyle pattern that is mainly characterized by
the consumption of salty snacks, sweet snacks, soft drinks with sugar and juice with
sugar and sedentary behavior. Component 1 was the most dominant food pattern and
explained 17.4% of the total variance, while the second component explained 14% of the
total variance. Regarding the other nine components that explained the rest of the variation
in food /beverage consumption and lifestyle behaviors, none of them was characterized by
a specific pattern.
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Table 1. Distribution of study participants’ characteristics for the total sample and by country category.

High-Income Countries under

High-Income Countries Low-Middle-Income Countries

— - *
Total (n = 2759) (Belgium-Finland) (n = 806) © ég::fg;};%e(a;irizso) (Bulgaria—Hungary) (n = 673) 14
Median (IQR, 25th-75th Median (IQR, 25th-75th Median (IQR, 25th-75th Median (IQR, 25th-75th
Percentile) or (%) Percentile) or (%) Percentile) or (%) Percentile) or (%)

Age (years) 41 (38-45) 39 (36-44) 43 (39-46) 39 (36-44) <0.001
Sex <0.001

Male (%) 33.7 34.1 37.7 25.6

Female (%) 66.3 65.9 62.3 744
Education <0.001

<12 years (%) 25.6 171 29 27.9

>12 years (%) 74.4 82.9 71 72.1
Smoking <0.001

Never smokers (%) 45.8 56.2 43.6 38.7

Former smokers (%) 28.6 32.7 28.1 25

Current smokers (%) 25.6 11.1 28.3 36.3
Existence of prediabetes <0.001

Normal (%) 76 70.9 73.9 86.2

Prediabetes (%) 24 29.1 26.1 13.8
Body mass index (kg/ m?) 28 (25-32) 28 (25-32) 29 (25-32) 27 (23-31) <0.001
Waist circumference (cm) 95 (84-104) 95 (85-104) 96 (87-106) 90 (78-102) <0.001
Fasting plasma glucose (mg/dL) 93 (86-100) 93 (86-101) 94 (88-100) 88 (83-96) <0.001
Breakfast consumption (days/week) 4 (2-4) 4(4) 4 (3-4) 3 (2-4) <0.001
Sitting hours (hours/day) 5 (2.5-8) 5 (3-8) 4 (2-8) 5 (2.5-7) <0.001

The reported p-values were calculated using the chi-square test or the Kruskal-Wallis test. * p-values indicate the significance of the differences among country categories. In bold,
statistically significant p-values at 5%.
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Table 2. Score coefficients * (loadings) derived from factor (principal component) analysis regarding
lifestyle factors in the study participants.

Factor 1 Factor 2
Fruits and berries 0.744 t 0.198
Vegetables 0.672 0.232
Legumes 0.236 0.081
Salty snacks —0.309 0.674
Sweet snacks —0.107 0.724 *
Soft drinks with sugar —0.443 * 0.373 1
Juice with sugar —0.181 0.359 1
Nuts and seeds 0.586" 0.213
Alcohol 0.089 0.027
Breakfast consumption 0.405 * 0.193
Sedentary behavior —0.039 0.330
Explained variation, % 17.4% 14%

* Score coefficients are similar to the correlation coefficients. Higher absolute values indicate that the lifestyle
variable is correlated with the respective component. * In bold, loadings > 10.31. Description of the components:
component 1: breakfast consumption, high consumption of fruits and berries, vegetables and nuts and seeds, and
low consumption of salty snacks and soft drinks with sugar. component 2: high consumption of salty and sweet
snacks, soft drinks with sugar and juice with sugar and sedentary behavior.

3.3. Lifestyle Patterns and Prediabetes

Three multiple logistic regression models were estimated in order to evaluate the asso-
ciation between the extracted lifestyle patterns and the existence of prediabetes
(Table 3). The use of these models assisted in better exploring the potential effect of
various confounders in the investigated relationship. The first model included age, sex and
the two lifestyle patterns derived from the principal component analysis. It was observed
that the lifestyle pattern that was mainly characterized by the consumption of salty snacks,
sweet snacks, soft drinks with sugar and juice with sugar and sedentary behavior (com-
ponent 2) was positively associated with the existence of prediabetes (p = 0.02), while the
lifestyle pattern that represented breakfast consumption, high consumption of fruits and
berries, vegetables and nuts and seeds, and low consumption of salty snacks and soft drinks
with sugar (component 1) was not significantly associated with the existence of prediabetes
(p =0.9). In the second model, education (measured in years) as a proxy of social status and
smoking status (never smoked/former smoker/current smoker) were also entered. The
lifestyle pattern that was mainly characterized by the consumption of salty snacks, sweet
snacks, soft drinks with sugar and juice with sugar and sedentary behavior (component 2)
was positively associated with the existence of prediabetes (p < 0.001). The lifestyle pattern
that represented breakfast consumption, high consumption of fruits and berries, vegetables
and nuts and seeds, and low consumption of salty snacks and soft drinks with sugar
(component 1) was not significantly associated with the existence of prediabetes (p = 0.6).
In the third model, waist circumference (measured in cm), was included. The detrimental
effect of the lifestyle pattern that was mainly characterized by the consumption of salty
snacks, sweet snacks, soft drinks with sugar and juice with sugar and sedentary behavior
(component 2) remained unaltered (p = 0.006), while the lifestyle pattern that represented
breakfast consumption, high consumption of fruits and berries, vegetables and nuts and
seeds, and low consumption of salty snacks and soft drinks with sugar (component 1) was
again not significantly associated with the disease (p = 0.1). After adjusting additionally
for the existence of other comorbidities (hypertension and dyslipidemia) the detrimental
effect of the lifestyle pattern that was mainly characterized by the consumption of salty
snacks, sweet snacks, soft drinks with sugar and juice with sugar and sedentary behavior
(component 2) remained unaltered (OR = 1.02, 95% CI [1.004-1.04], p = 0.02) while the
lifestyle pattern that represented breakfast consumption, high consumption of fruits and
berries, vegetables and nuts and seeds, and low consumption of salty snacks and soft
drinks with sugar (component 1) was again not significantly associated with the disease
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(OR =0.99, 95% CI[0.98-1.31], p = 0.08). Similar results were found using BMI instead of
waist circumference as a covariate.

Table 3. The association of the derived lifestyle patterns with the prevalence of prediabetes. Results
are presented as odds ratios and 95% Cls.

Model 1 Model 2 Model 3

Component 1: Breakfast consumption, high consumption of
fruits and berries, vegetables and nuts and seeds, and low 0.99 (0.88-1.14) 0.99 (0.87-1.13) 0.99 (0.98-1.30)
consumption of salty snacks and soft drinks with sugar

Component 2: High consumption of salty and sweet snacks, soft
drinks with sugar and juice with sugar and sedentary behavior

1.04 (1.02-1.06) 1.03 (1.02-1.05) 1.02 (1.01-1.04)

All odds ratios and their corresponding 95% confidence intervals were calculated by performing multiple logistic
regressions. Note: Bold indicates statistical significance (Pyeng < 0.05). Model 1: adjusted for age and sex. Model 2:
adjusted for age, sex, education and smoking. Model 3: adjusted for age, sex, education, smoking and waist
circumference. Abbreviations: CI, confidence interval.

3.4. Profile Analysis of the Associations of Lifestyle Patterns and Prediabetes

Multi-adjusting cannot entirely exclude residual confounding, so sub-group analysis
by obesity and sex was applied. Concerning obesity, the results were similar to the ones
presented above; particularly, among overweight/obese participants (i.e., BMI > 25 kg/m?)
the lifestyle pattern that was mainly characterized by the consumption of salty snacks,
sweet snacks, soft drinks with sugar and juice with sugar and sedentary behavior was
positively associated with the existence of prediabetes (p = 0.04) after adjusting for age,
sex, years of education and smoking status, while among normal-weight participants (i.e.,
BMI < 25 kg/m?), there was no significant association (p = 0.13). Stratified analysis by sex
revealed no significant associations between the two lifestyle patterns and the existence of
prediabetes for both females and males (p > 0.05) after adjusting for age, years of education,
smoking status and waist circumference.

4. Discussion

In this work, the existence of prediabetes was tested in relation to lifestyle patterns
extracted from the data of 2759 adults from families at risk of T2D in Europe. The analysis
revealed that the lifestyle pattern which was mainly characterized by the consumption
of salty snacks, sweet snacks, soft drinks with sugar and juice with sugar and sedentary
behavior was positively associated with the existence of prediabetes, while the lifestyle
pattern that represented breakfast consumption, high consumption of fruits and berries,
vegetables and nuts and seeds, and low consumption of salty snacks and soft drinks with
sugar was not significantly associated with the existence of prediabetes.

Some other investigators have evaluated patterns with only dietary data in relation to
prediabetes using similar multivariate techniques and describing similar food patterns. For
example, in a recent cross-sectional study conducted among 1305 participants with different
glucose tolerance statuses, Pestoni et al. [33], using PCA, concluded that a Western dietary
pattern characterized by high consumption of red and processed meat, alcoholic beverages,
refined grains and sugar-sweetened beverages was associated with prediabetes, which is in
line with the present findings. Furthermore, Bagheri et al. [34] used a semi-quantitative
FFQ to assess dietary intake in 150 prediabetic subjects and 150 healthy controls. After
using PCA, two dietary patterns were identified: the vegetables, fruits and legumes (VFL)
dietary pattern and the sweet, solid fat, meat and mayonnaise (SSMM) dietary pattern.
After adjusting for several confounding factors, the VFL dietary pattern was found to be
negatively associated with prediabetes, while the SSMM dietary pattern was positively
associated with prediabetes. As far as sugar-sweetened beverage (SSB) consumption is
concerned, in a cross-sectional analysis among 4771 US Hispanic/Latino adults with predi-
abetes, high sugar-sweetened beverage (SSB) consumption was associated with increased
odds of prediabetes [35]. Moreover, prospective data indicate that daily consumption of
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sugar-sweetened beverages has been shown to increase the risk of developing prediabetes
among middle-aged adults by 46% [36].

Individuals with prediabetes have a high risk of progression to diabetes and an
elevated risk of cardiovascular disease (CVD). Breakfast is commonly considered to be
the most important meal of the day although many people skip it. Based on current
findings, skipping breakfast can be a risk factor for impaired glucose metabolism, leading
to prediabetes [37]. Furthermore, a systematic review and meta-analysis of prospective
cohort studies based on 96,175 participants and 4935 cases indicated that breakfast skipping
is associated with an increased risk of T2D [38]. A recent meta-analysis of cohort studies
concerning a total of 221,732 participants concluded that breakfast skipping increases the
risk of cardiovascular disease as well as all-cause mortality [39].

As far as sedentary behaviors and physical activity are concerned, in a recent ob-
servational prospective population-based cohort study, the Maastricht study, researchers
indicated that the association between sedentary time and biomarkers of endothelial
dysfunction (important in the pathogenesis of CVDs) was consistently stronger in predi-
abetes and T2D as compared with normal glucose metabolism status [40]. Furthermore,
in a prospective, population-based cohort study, 360,047 participants enrolled in the UK
Biobank were followed up for 45 non-communicable diseases (NCDs) according to ICD-
10 codes. Participants who reported higher sedentary time had higher risks of 12 of
45 NCDs, including T2D and ischemic heart disease [41]. A recent systematic review and
meta-analysis of 148 randomized controlled trials (RCTs) and 36 longitudinal studies in-
dicated that long-term sedentary behavior increases the risk of CVDs in healthy adults,
whereas physical activity reduces the risk of CVDs and improves indicators associated with
CVDs [42]. The above findings are in agreement with the most recently published physical
activity guidelines, which indicate that sedentary behavior is associated with detrimental
effects on both T2D and the incidence of cardiovascular disease [43].

The present study used the holistic approach and analyzed the association of patterns
with the existence of prediabetes in adults from families at high risk for T2D across Europe.
The large study sample, the standardized protocols and procedures followed across all
centers, and the objectively collected data (i.e., blood and anthropometric indices) safeguard
the objectivity and reliability of the assessment and increase the generalizability of the
findings. However, our study should be viewed in the light of some limitations. The cross-
sectional nature of the study design hinders the establishment of a causal link between
the specific patterns and adult prediabetes. Additionally, some of the collected data were
self-reported and thus are prone to recall bias and social desirability.

5. Conclusions

Pattern analysis revealed behaviors in participants’ lifestyles that could not be assessed
with any other method. It was found that a lifestyle pattern that is mainly characterized by
high consumption of salty and sweet snacks, soft drinks with sugar and juice with sugar
and sedentary behavior was positively associated with the existence of prediabetes. Under-
standing lifestyle patterns would provide necessary evidence for planning intervention
and education strategies for prediabetes and T2D. Furthermore, beyond the important
nutritional message these findings convey, this evidence deserves further attention be-
cause the a posteriori lifestyle pattern assessment approach that was followed here reflects
the true habits of the participants and not the level of adherence to an a priori-defined
dietary model.

Author Contributions: Conceptualization, N.M., C.M. and Y.M.; methodology, N.M. and Y.M,;
formal analysis, N.M. and Y.M.; investigation and data collection, N.M., CM.,S.L,, LR, G.C, VI,
L.AM.,, KM. and Y.M; resources, Y.M., G.C., V.I., L.A.M. and K.M.; data curation, N.M., C.M. and
Y.M.; writing—original draft preparation, N.M., CM., TM. and Y.M.; writing—review and editing,
NM, CM,TM,SL, PV, IR, PT,GC, YB, VL, L. AM., KM. and Y.M,; supervision, Y.M.; project
administration, Y.M.; funding acquisition, YM., G.C., V.I,, L. AM. and K.M.; All authors have read
and agreed to the published version of the manuscript.



Nutrients 2023, 15, 3155

11 0f 13

References

Funding: The Feel4Diabetes study has received funding from the European Union’s Horizon 2020
Research and Innovation Programme (Grant Agreement: n_643708). The content of this article reflects
only the authors’ views, and the European Community is not liable for any use that may be made of
the information contained herein.

Institutional Review Board Statement: The Feel4Diabetes study was conducted in accordance
with the Declaration of Helsinki. All participating countries obtained ethical clearance from the
relevant ethical committees and local authorities. More specifically, in Belgium, the study was
approved by the Medical Ethics Committee of the Ghent University Hospital (ethical approval code:
B670201524437); in Bulgaria, by the Ethics Committee of the Medical University of Varna (ethical
approval code: 52/10-3-2016r) and the Municipalities of Sofia and Varna, as well as the Ministry of
Education and Science local representatives; in Finland, by the hospital district of Southwest Finland
ethical committee (ethical approval code: 174/1801/2015); in Greece, by the Bioethics Committee
of Harokopio University (ethical approval code: 46/3-4-2015) and the Greek Ministry of Education;
in Hungary, by the National Committee for Scientific Research in Medicine (ethical approval code:
20095/2016/EKU); and in Spain, by the Clinical Research Ethics Committee and the Department of
Consumers’ Health of the Government of Aragén (ethical approval code: CP03/2016).

Informed Consent Statement: Informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy. Acknowledgments: The
authors would like to thank the members of the Feel4Diabetes Study Group: Coordinator: Yan-
nis Manios; Steering Committee: Yannis Manios, Greet Cardon, Jaana Lindstrom, Peter Schwarz,
Konstantinos Makrilakis, Lieven Annemans and Winne Ko; Harokopio University (Greece): Yannis
Manios, Kalliopi Karatzi, Odysseas Androutsos, George Moschonis, Spyridon Kanellakis, Christina
Mavrogianni, Konstantina Tsoutsoulopoulou, Christina Katsarou, Eva Karaglani, Irini Qira, Efstathios
Skoufas, Konstantina Maragkopoulou, Antigone Tsiafitsa, Irini Sotiropoulou, Michalis Tsolakos, Effie
Argyri, Mary Nikolaou, Eleni-Anna Vampouli, Christina Filippou, Kyriaki Apergi, Amalia Filippou,
Katerina Gatsiou and Efstratios Dimitriadis; Finnish Institute for Health and Welfare (Finland):
Jaana Lindstrom, Tiina Laatikainen, Katja Wikstrom, Jemina Kiveld, Paivi Valve, Esko Levalahti,
Eeva Virtanen, Tiina Pennanen, Seija Olli and Karoliina Nelimarkka; Ghent University (Belgium),
Department of Movement and Sports Sciences: Greet Cardon, Vicky Van Stappen and Nele Huys;
Ghent University (Belgium), Department of Public Health: Lieven Annemans and Ruben Willems;
Ghent University (Belgium), Department of Endocrinology and Metabolic Diseases: Samyah Sha-
did; Technische Universitit Dresden (Germany): Peter Schwarz and Patrick Timpel; University
of Athens (Greece): Konstantinos Makrilakis, Stavros Liatis, George Dafoulas, Christina-Paulina
Lambrinou and Angeliki Giannopoulou; International Diabetes Federation European Region (Bel-
gium): Winne Ko and Ernest Karuranga; Universidad De Zaragoza (Spain): Luis Moreno, Fernando
Civeira, Gloria Bueno, Pilar De Miguel- Etayo, Esther Ma Gonzalez-Gil, Maria L. Miguel-Berges,
Natalia Gimenez-Legarre; Paloma Flores-Barrantes, Aleli M. Ayala-Marin, Miguel Seral-Cortes, Lucia
Baila-Rueda, Ana Cenarro, Estibaliz Jarauta and Rocio Mateo-Gallego; Medical University of Varna
(Bulgaria): Violeta Iotova, Tsvetalina Tankova, Natalia Usheva, Kaloyan Tsochev, Nevena Chakarova,
Sonya Galcheva, Rumyana Dimova, Yana Bocheva, Zhaneta Radkova, Vanya Marinova, Yuliya Baz-
darska and Tanya Stefanova; University of Debrecen (Hungary): Imre Rurik, Timea Ungvari, Zoltan
Jancs6, Anna Nénasi, Laszl6 Kolozsvari, Csilla Semanova, Eva Bir6, Emese Antal and Sandorné Rado;
and Extensive Life Oy (Finland): Remberto Martinez and Marcos Tong.

Conflicts of Interest: The authors declare no conflict of interest.

1.  Echouffo-Tcheugui, J.B.; Selvin, E. Prediabetes and What It Means: The Epidemiological Evidence. Annu. Rev. Public Health 2021,

42,59-77. [CrossRef]

2. Magliano, D.J.; Boyko, E.J. IDF Diabetes Atlas 10th edition scientific committee. In IDF DIABETES ATLAS [Internet], 10th ed.;
International Diabetes Federation: Brussels, Belgium, 2021.

3.  De Mello, V.D.E; Schwab, U.; Kolehmainen, M.; Koenig, W.; Siloaho, M.; Poutanen, K.; Mykkénen, H.; Uusitupa, M. A diet high
in fatty fish, bilberries and wholegrain products improves markers of endothelial function and inflammation in individuals with
impaired glucose metabolism in a randomised controlled trial: The Sysdimet study. Diabetologia 2011, 54, 2755-2767. [CrossRef]


https://doi.org/10.1146/annurev-publhealth-090419-102644
https://doi.org/10.1007/s00125-011-2285-3

Nutrients 2023, 15, 3155 12 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

Lankinen, M.; Schwab, U.; Kolehmainen, M.; Paananen, J.; Poutanen, K.; Mykkénen, H.; Seppanen-Laakso, T.; Gylling, H.;
Uusitupa, M.; Oresi¢, M. Whole Grain Products, Fish and Bilberries Alter Glucose and Lipid Metabolism in a Randomized,
Controlled Trial: The Sysdimet Study. PLoS ONE 2011, 6, €22646. [CrossRef] [PubMed]

Malin, S.K.; Kullman, E.L.; Scelsi, A.R.; Godin, J.-P,; Ross, A.B.; Kirwan, J.P. A Whole-Grain Diet Increases Glucose-Stimulated
Insulin Secretion Independent of Gut Hormones in Adults at Risk for Type 2 Diabetes. Mol. Nutr. Food Res. 2019, 63, €1800967.
[CrossRef] [PubMed]

Park, E.; Edirisinghe, I.; Wei, H.; Vijayakumar, L.P.; Banaszewski, K.; Cappozzo, ].C.; Burton-Freeman, B. A dose-response
evaluation of freeze-dried strawberries independent of fiber content on metabolic indices in abdominally obese individuals
with insulin resistance in a randomized, single-blinded, diet-controlled crossover trial. Mol. Nutr. Food Res. 2016, 60, 1099-1109.
[CrossRef]

Stull, A.J.; Cash, K.C.; Johnson, W.D.; Champagne, C.M.; Cefalu, W.T. Bioactives in Blueberries Improve Insulin Sensitivity in
Obese, Insulin-Resistant Men and Women. J. Nutr. 2010, 140, 1764-1768. [CrossRef]

Paquette, M.; Medina Larqué, A.S.; Weisnagel, S.J.; Desjardins, Y.; Marois, J.; Pilon, G.; Dudonné, S.; Marette, A.; Jacques,
H. Strawberry and cranberry polyphenols improve insulin sensitivity in insulin-resistant, non-diabetic adults: A parallel,
double-blind, controlled and randomised clinical trial. Br. |. Nutr. 2017, 117, 519-531. [CrossRef] [PubMed]
Hernandez-Alonso, P.; Salas-Salvado, J.; Baldrich-Mora, M.; Juanola-Falgarona, M.; Bulld, M. Beneficial Effect of Pistachio
Consumption on Glucose Metabolism, Insulin Resistance, Inflammation, and Related Metabolic Risk Markers: A Randomized
Clinical Trial. Diabetes Care 2014, 37, 3098-3105. [CrossRef] [PubMed]

Hernandez-Alonso, P; Cafiueto, D.; Giardina, S.; Salas-Salvad¢, J.; Cafellas, N.; Correig, X.; Bullo, M. Effect of pistachio
consumption on the modulation of urinary gut microbiota-related metabolites in prediabetic subjects. |. Nutr. Biochem. 2017,
45,48-53. [CrossRef]

Wien, M.; Bleich, D.; Raghuwanshi, M.; Gould-Forgerite, S.; Gomes, J.; Monahan-Couch, L.; Oda, K. Almond Consumption and
Cardiovascular Risk Factors in Adults with Prediabetes. . Am. Coll. Nutr. 2010, 29, 189-197. [CrossRef]

Polovina, S.; Micic, D. The influence of diet with reduction in calorie intake on metabolic syndrome parameters in obese subjects
with impaired glucose tolerance. Med. Rev. 2010, 63, 465-469. [CrossRef] [PubMed]

Christensen, P; Bliddal, H.; Riecke, B.F,; Leeds, A.R.; Astrup, A.; Christensen, R. Comparison of a low-energy diet and a very
low-energy diet in sedentary obese individuals: A pragmatic randomized controlled trial. Clin. Obes. 2011, 1, 31-40. [CrossRef]
[PubMed]

Velazquez-Lopez, L.; Gonzalez-Figueroa, E.; Medina-Bravo, P.; Pineda-Del Aguila, L; Avila-Jiménez, L.; Ramos-Hernandez,
R.; Klunder-Klunder, M.; la Pefia, J.E.-D. Low calorie and carbohydrate diet: To improve the cardiovascular risk indicators in
overweight or obese adults with prediabetes. Endocrine 2012, 43, 593-602. [CrossRef]

Christensen, P.; Meinert Larsen, T.; Westerterp-Plantenga, M.; Macdonald, I.; Martinez, J.A.; Handjiev, S.; Poppitt, S.; Hansen,
S.; Ritz, C.; Astrup, A.; et al. Men and women respond differently to rapid weight loss: Metabolic outcomes of a multi-centre
intervention study after a low-energy diet in 2500 overweight, individuals with pre-diabetes (PREVIEW). Diabetes Obes. Metab.
2018, 20, 2840-2851. [CrossRef]

Solomon, T.P; Haus, ] M.; Kelly, K.R.; Cook, M.D.; Filion, J.; Rocco, M.; Kashyap, S.R.; Watanabe, R.M.; Barkoukis, H.; Kirwan,
J.P. A low—-glycemic index diet combined with exercise reduces insulin resistance, postprandial hyperinsulinemia, and glucose-
dependent insulinotropic polypeptide responses in obese, prediabetic humans. Am. J. Clin. Nutr. 2010, 92, 1359-1368. [CrossRef]
Macedo da Costa, T.H.; Pires da Silva, E.V.; Gongalves Reis, C.E.; Augusto Casulari, L. Improved metabolic response after 16
weeks of calorie-restricted low-glycaemic index diet and metformin in impaired glucose tolerance subjects. Nutr. Hosp. 2014,
29,1081-1087. [CrossRef]

Cheng, S.; Ge, J.; Zhao, C.; Le, S.; Yang, Y.; Ke, D.; Wu, N,; Tan, X.; Zhang, X.; Du, X,; et al. Effect of aerobic exercise and diet on
liver fat in pre-diabetic patients with non-alcoholic-fatty-liver-disease: A randomized controlled trial. Sci. Rep. 2017, 7, 15952.
[CrossRef]

Haus, ].M.; Solomon, T.PJ.; Marchetti, C.M.; Edmison, ]. M.; Gonzalez, F.; Kirwan, J.P. Free Fatty Acid-Induced Hepatic Insulin
Resistance is Attenuated Following Lifestyle Intervention in Obese Individuals with Impaired Glucose Tolerance. J. Clin.
Endocrinol. Metab. 2010, 95, 323-327. [CrossRef]

Jacques, P.E; Tucker, K.L. Are dietary patterns useful for understanding the role of diet in chronic disease? Am. J. Clin. Nutr. 2001,
73, 1-2. [CrossRef]

Trichopoulos, D.; Lagiou, P. Dietary patterns and mortality. Br. ]. Nutr. 2001, 85, 133-134. [CrossRef] [PubMed]

Hoffmann, I. Transcending reductionism in nutrition research. Am. J. Clin. Nutr. 2003, 78, 5145-516S. [CrossRef]

Manios, Y.; Androutsos, O.; Lambrinou, C.-P.; Cardon, G.; Lindstrom, J.; Annemans, L.; Mateo-Gallego, R.; De Sabata, M.S.; Iotova,
V.; Kivela, J.; et al. A school- and community-based intervention to promote healthy lifestyle and prevent type 2 diabetes in
vulnerable families across Europe: Design and implementation of the Feel4Diabetes-study. Public Health Nutr. 2018, 21, 3281-3290.
[CrossRef] [PubMed]

Manios, Y.; Mavrogianni, C.; Lambrinou, C.-P; Cardon, G.; Lindstrom, J.; Iotova, V.; Tankova, T.; Civeira, F; Kivels, J.; Jancso, Z.;
et al. Two-stage, school and community-based population screening successfully identifies individuals and families at high-risk
for type 2 diabetes: The Feel4Diabetes-study. BMC Endocr. Disord. 2020, 20, 12. [CrossRef] [PubMed]


https://doi.org/10.1371/journal.pone.0022646
https://www.ncbi.nlm.nih.gov/pubmed/21901116
https://doi.org/10.1002/mnfr.201800967
https://www.ncbi.nlm.nih.gov/pubmed/30763457
https://doi.org/10.1002/mnfr.201500845
https://doi.org/10.3945/jn.110.125336
https://doi.org/10.1017/S0007114517000393
https://www.ncbi.nlm.nih.gov/pubmed/28290272
https://doi.org/10.2337/dc14-1431
https://www.ncbi.nlm.nih.gov/pubmed/25125505
https://doi.org/10.1016/j.jnutbio.2017.04.002
https://doi.org/10.1080/07315724.2010.10719833
https://doi.org/10.2298/MPNS1008465P
https://www.ncbi.nlm.nih.gov/pubmed/21446131
https://doi.org/10.1111/j.1758-8111.2011.00006.x
https://www.ncbi.nlm.nih.gov/pubmed/25586973
https://doi.org/10.1007/s12020-012-9775-z
https://doi.org/10.1111/dom.13466
https://doi.org/10.3945/ajcn.2010.29771
https://doi.org/10.3305/nh.2014.29.5.6524
https://doi.org/10.1038/s41598-017-16159-x
https://doi.org/10.1210/jc.2009-1101
https://doi.org/10.1093/ajcn/73.1.1
https://doi.org/10.1079/BJN2000282
https://www.ncbi.nlm.nih.gov/pubmed/11242479
https://doi.org/10.1093/ajcn/78.3.514S
https://doi.org/10.1017/S1368980018002136
https://www.ncbi.nlm.nih.gov/pubmed/30207513
https://doi.org/10.1186/s12902-019-0478-9
https://www.ncbi.nlm.nih.gov/pubmed/32164646

Nutrients 2023, 15, 3155 13 of 13

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Ulijaszek, S.J. Obesity: Preventing and Managing the Global Epidemic. Report of a WHO Consultation; WHO Technical Report Series
894; World Health Organization: Geneva, Switzerland, 2000; p. 252, SFR 56.00; ISBN 92-4-120894-5. [CrossRef]

American Diabetes Association. Chapter 2. Classification and Diagnosis of Diabetes: Standards of Medical Care in Diabetes—2018.
Diabetes Care 2017, 41 (Suppl. 1), S13-527. [CrossRef]

Friedewald, W.T.; Levy, R.L; Fredrickson, D.S. Estimation of the Concentration of Low-Density Lipoprotein Cholesterol in Plasma,
Without Use of the Preparative Ultracentrifuge. Clin. Chem. 1972, 18, 499-502. [CrossRef]

Expert Panel on Detection E Executive summary of the third report of the National Cholesterol Education Program (NCEP)
expert panel on detection, evaluation, and treatment of high blood cholesterol in adults (Adult Treatment Panel III). JAMA 2001,
285, 2486. [CrossRef] [PubMed]

Williams, B.; Mancia, G.; Spiering, W.; Agabiti Rosei, E.; Azizi, M.; Burnier, M.; Clement, D.L.; Coca, A.; de Simone, G,;
Dominiczak, A.; et al. ESC Scientific Document Group. 2018 ESC/ESH Guidelines for the management of arterial hypertension.
Eur. Heart J. 2018, 39, 3021-3104. [CrossRef]

Anastasiou, C.A.; Fappa, E.; Zachari, K.; Mavrogianni, C.; Van Stappen, V.; Kivels, J.; Virtanen, E.; Gonzalez-Gil, E.M.; Flores-
Barrantes, P.; Nanasi, A.; et al. Development and reliability of questionnaires for the assessment of diet and physical activity
behaviors in a multi-country sample in Europe the Feel4Diabetes Study. BMC Endocr. Disord. 2020, 20, 135. [CrossRef]
Androutsos, O.; Anastasiou, C.; Lambrinou, C.-P.; Mavrogianni, C.; Cardon, G.; Van Stappen, V.; Kiveld, J.; Wikstrom, K;
Moreno, L.A,; Iotova, V.; et al. Intra- and inter- observer reliability of anthropometric measurements and blood pressure in
primary schoolchildren and adults: The Feel4Diabetes-study. BMC Endocr. Disord. 2020, 20, 27. [CrossRef]

Mardia, K.V.; Kent, J.; Bibby, J. Multivariate Analysis, 1st ed.; Academic Press: New York, NY, USA, 1979.

Pestoni, G.; Riedl, A.; Breuninger, T.A.; Wawro, N.; Krieger, J.-P.; Meisinger, C.; Rathmann, W.; Thorand, B.; Harris, C.; Peters, A,;
et al. Association between dietary patterns and prediabetes, undetected diabetes or clinically diagnosed diabetes: Results from
the KORA FF4 study. Eur. ]. Nutr. 2020, 60, 2331-2341. [CrossRef] [PubMed]

Bagheri, F; Siassi, F.; Koohdani, F.; Mahaki, B.; Qorbani, M.; Yavari, P.; Shaibu, O.M.; Sotoudeh, G. Healthy and unhealthy dietary
patterns are related to pre-diabetes: A case-control study. Br. J. Nutr. 2016, 116, 874-881. [CrossRef]

Moon, J.-Y,; Hua, S.; Qi, Q.; Sotres-Alvarez, D.; Mattei, ].; Casagrande, S.S.; Mossavar-Rahmani, Y.; Siega-Riz, A.M.; Gallo, L.C,;
Wassertheil-Smoller, S.; et al. Association of Sugar-Sweetened Beverage Consumption with Prediabetes and Glucose Metabolism
Markers in Hispanic/Latino Adults in the United States: Results from the Hispanic Community Health Study/Study of Latinos
(HCHS/SOL). J. Nutr. 2022, 152, 235-245. [CrossRef] [PubMed]

Ma, ]J.; Jacques, PE,; Meigs, ].B.; Fox, C.S.; Rogers, G.T.; Smith, C.E.; Hruby, A.; Saltzman, E.; McKeown, N.M. Sugar-Sweetened
Beverage but Not Diet Soda Consumption Is Positively Associated with Progression of Insulin Resistance and Prediabetes.
J. Nutr. 2016, 146, 2544-2550. [CrossRef]

Miyamura, K.; Nawa, N.; Isumi, A.; Doi, S.; Ochi, M.; Fujiwara, T. Association between skipping breakfast and prediabetes among
adolescence in Japan: Results from A-CHILD study. Front. Endocrinol. 2023, 14, 1051592. [CrossRef] [PubMed]

Ballon, A.; Neuenschwander, M.; Schlesinger, S. Breakfast Skipping Is Associated with Increased Risk of Type 2 Diabetes among
Adults: A Systematic Review and Meta-Analysis of Prospective Cohort Studies. J. Nutr. 2019, 149, 106-113. [CrossRef] [PubMed]
Chen, H.; Zhang, B.; Ge, Y.; Shi, H.; Song, S.; Xue, W.; Li, J.; Fu, K.; Chen, X.; Teng, W.; et al. Association between skipping
breakfast and risk of cardiovascular disease and all cause mortality: A meta-analysis. Clin. Nutr. 2020, 39, 2982-2988. [CrossRef]
[PubMed]

Vandercappellen, E.J.; Koster, A.; Savelberg, HH.C.M.; Eussen, S.J.PM.; Dagnelie, P.C.; Schaper, N.C.; Schram, M.T.; van
der Kallen, C.J.H.; van Greevenbroek, M.M.].; Wesselius, A.; et al. Sedentary behaviour and physical activity are associated
with biomarkers of endothelial dysfunction and low-grade inflammation—Relevance for (pre)diabetes: The Maastricht Study.
Diabetologia 2022, 65, 777-789. [CrossRef]

Cao, Z.; Xu, C.; Zhang, P.; Wang, Y. Associations of sedentary time and physical activity with adverse health conditions:
Outcome-wide analyses using isotemporal substitution model. Eclinicalmedicine 2022, 48, 101424. [CrossRef]

Liang, Z.-D.; Zhang, M.; Wang, C.-Z.; Yuan, Y.; Liang, ]J.-H. Association between sedentary behavior, physical activity, and
cardiovascular disease-related outcomes in adults—A meta-analysis and systematic review. Front. Public Health 2022, 10, 8460.
[CrossRef]

Bull, EC.; Al-Ansari, S.S.; Biddle, S.; Borodulin, K.; Buman, M.P,; Cardon, G.; Carty, C.; Chaput, J.-P.; Chastin, S.; Chou, R.; et al.
World Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br. J. Sports Med. 2020, 54, 1451-1462.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1017/s0021932003245508
https://doi.org/10.2337/dc18-S002
https://doi.org/10.1093/clinchem/18.6.499
https://doi.org/10.1001/jama.285.19.2486
https://www.ncbi.nlm.nih.gov/pubmed/11368702
https://doi.org/10.1093/eurheartj/ehy339
https://doi.org/10.1186/s12902-019-0469-x
https://doi.org/10.1186/s12902-020-0501-1
https://doi.org/10.1007/s00394-020-02416-9
https://www.ncbi.nlm.nih.gov/pubmed/33125578
https://doi.org/10.1017/S0007114516002634
https://doi.org/10.1093/jn/nxab334
https://www.ncbi.nlm.nih.gov/pubmed/34558625
https://doi.org/10.3945/jn.116.234047
https://doi.org/10.3389/fendo.2023.1051592
https://www.ncbi.nlm.nih.gov/pubmed/36909337
https://doi.org/10.1093/jn/nxy194
https://www.ncbi.nlm.nih.gov/pubmed/30418612
https://doi.org/10.1016/j.clnu.2020.02.004
https://www.ncbi.nlm.nih.gov/pubmed/32085933
https://doi.org/10.1007/s00125-022-05651-3
https://doi.org/10.1016/j.eclinm.2022.101424
https://doi.org/10.3389/fpubh.2022.1018460
https://doi.org/10.1136/bjsports-2020-102955

	Introduction 
	Materials and Methods 
	Study’s Design 
	Bioethics 
	Study Population 
	Anthropometry 
	Blood Indices 
	Blood Pressure Measurement 
	Dietary Assessment 
	Demographic and Behavioral Characteristics 
	Statistical Analysis 

	Results 
	Characteristics of the Participants 
	Lifestyle Patterns 
	Lifestyle Patterns and Prediabetes 
	Profile Analysis of the Associations of Lifestyle Patterns and Prediabetes 

	Discussion 
	Conclusions 
	References

