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Abstract: High consumption of sugar-sweetened beverages (SSBs) is associated with a higher risk
of cardiovascular disease (CVD). The last report on the prevalence of SSBs consumption in Czechia
was 17 years ago, an updated analysis will enable the design of appropriate public health policies.
This study aimed to determine the prevalence of SSBs consumption in a Czech city during 2020
and 2022, and its association with cardiometabolic biomarkers, behavioral risk factors, and socioe-
conomic determinants. A total of 730 participants (33 to 73 years) were assessed from a random
population-based survey. SSBs consumption was evaluated using two methods: by calorie amount,
with a 24 h dietary recall, and by frequency, with a food frequency questionnaire. By calorie amount,
the prevalence of SSBs consumption was none: 52.5%, low: 30.0%, and moderate–high: 17.5%; by
frequency was never: 16.0%, occasionally: 64.1%, and daily: 19.9%. SSBs intake was higher in men
(p < 0.001) and younger participants (p = 0.001). Men consuming daily had higher waist circumference
and visceral fat area compared to both occasional and never consumers. Higher SSBs consump-
tion was associated with low household income, middle education level, and high total energy
intake. In total, 20% drank SSBs daily and 17.5% of participants consumed moderate–high calorie
amounts of SSBs. These results represent an increase in the prevalence of SSBs consumption in the
last two decades. Public health policies should target men of younger age and people with low
education and income.

Keywords: sugar-sweetened beverages; soft drinks; Czechia; epidemiology; cardiovascular disease

1. Introduction

The consumption of sugar-sweetened beverages (SSBs) is associated with a higher
body mass index (BMI) [1–3] and higher risk of cardiometabolic disease—including type
2 diabetes (T2D) and cardiovascular disease (CVD)—and oncologic disease [4]. Worldwide,
in 2010, 184,000 deaths were attributed to the consumption of SSBs: 133,000 from T2D,
45,000 from CVD, and 6450 from cancer [5]. SSBs increase abnormal adiposity through
varied mechanisms, increasing energy intake, calibrating the preferences to a higher level
of sweetness [6], providing incomplete compensation for the extra energy consumed in
SSB via reducing solid energy intake [7], and decreasing satiety [2,4]. In addition, higher
consumption of SSBs has been linked with a deleterious genetic effect on adiposity—daily
consumers were more genetically susceptible to effects on the risk of obesity and BMI
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than those who consumed SSBs less than once per month [8]. Due to their high glycemic
index, which facilitates abnormal adiposity and a rapid increase in blood glucose level after
consumption, SSBs can impair the normal glucose metabolism T2D [9]. SSBs consumption
is also associated with higher blood pressure and increased uric acid levels.

The pattern of SSBs consumption differs by country [10], sex, age, and socioeconomic
determinants [5]. From 2009–2014, global sales of SSBs remained unchanged [10]. In
Europe, sales of SSBs decreased in western countries and increased in eastern countries [10].
In 2019, the European Health Interview Survey (EHIS) reported that the leading countries
with the highest daily consumption were Belgium (20.4% of the population drink SSBs,
defined as “heavy-sugared, often carbonated lemonades”, once or more per day), Malta
(12.4%), Germany (12.1%), Hungary (12.0%), Poland (12.0%), Bulgaria (11.6%), and Czechia
(11.4%) [11,12]. According to the HAPIEE (Health, Alcohol and Psychosocial Factors in
Eastern Europe) study, conducted from 2002 to 2005 in Russia, Poland, and Czechia, subjects
who drank SSBs daily (defined as non-alcoholic carbonated [fizzy] drinks, such as coke,
fizzy orange, or lemonade) had a higher BMI [3]. In this study, regular SSBs intake was
more common in men, younger subjects, lower education level, lower physical activity,
regular alcohol drinkers, and smokers [3].

Even though many countries implement and consider specific steps to reduce SSBs
consumption, most of the main stakeholders and general local authorities have insuffi-
cient awareness [13]. Providing timely information on the prevalence and impact of SSBs
consumption facilitates the implementation of appropriate public health policies. This
study aims to analyze the prevalence of SSBs consumption and the association with car-
diometabolic, behavioral risk factors, and socioeconomic determinants, in a randomly
selected sample of middle-aged adults from Czechia, evaluated during 2020–2022. Follow-
ing the definition of the World Health Organization, which considers SSBs as any liquid
containing free sugars, in the present study, the SSBs and fruit juices that also provide free
sugars were analyzed together [14].

2. Materials and Methods
2.1. Study Design and Population

The Kardiovize study design, sampling, and implementation were described previ-
ously [15]. In brief, the Kardiovize Brno 2030 is an ongoing multidisciplinary epidemio-
logical project designed as a cohort population-based study with a random sample of 1%
of the adult population of Brno aged between 25 and 64 years old [15]. Brno is the second
largest city in the Czech Republic, with 380,654 residents in 2019 [16]. The eligibility criteria
included permanent residence in Brno and registration (required by the law) with any of
the five state-run health insurance companies operating in Czechia. The recruitment and
core baseline examinations were completed in 2014 (n = 2160), and the first follow-up was
implemented from 2020 to 2022. For the follow-up evaluation, three invitations were sent
(two by mail and one by phone), and 755 participants attended the follow-up evaluation
(response rate 34.9%). Twenty-five participants were excluded from the present analysis
due to either missing information or outlying values.

2.2. Data Collection

The health assessment, face-to-face health interview, and comprehensive questionnaire
were performed by trained nurses, dietitians, and physicians at the International Clinical
Research Center of the St Anne’s University Hospital in Brno. The data was entered into
the web-based research electronic data capture (REDCap; Vanderbilt University, Nashville,
TN, USA) database [17]. The questionnaire included demographics (e.g., age, sex, and
education), socioeconomic status (e.g., household income), cardiovascular risk behaviors
(e.g., smoking habit, alcohol consumption, and physical activity), family and personal
history, medications, and hospitalizations. In a food frequency questionnaire, participants
were asked, “How often, on average, in the last 3 months have you consumed specific
foods and drinks?”. In a 24 h recall questionnaire administered by dietitians, participants
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were asked to report all individual food components consumed the day before (along
with specific ingredients). When possible, the exact weights reported by participants
were recorded, or dietitians recorded standardized portions or weights of foods. Dietary
data were calculated in the NutriPro Expert software (version 9.3.1.0; Fitsport-komplex
Ltd., Ivančice, Czechia) [18]. Laboratory analyses were performed on 12 h fasting whole
blood samples using a Modular SWA P800 analyzer (Roche, Basel, Switzerland). The total
cholesterol, triglycerides, and glucose were analyzed by the enzymatic colorimetric method
(Roche Diagnostics GmbH). High-density lipoprotein cholesterol (HDL-c) was analyzed
with the homogeneous method for direct measurement without precipitation (Sekisui
Medical). Low-density lipoprotein cholesterol (LDL-c) level was calculated according to
the Friedewald equation when triglyceride levels were below 4.5 mmol/L; if it was higher,
LDL-c was analyzed using the homogeneous method for direct measurement (Sekisui
Medical). Blood pressure was measured with the patient alone using an automated office
measurement device (BpTRU, model BPM 200; Bp TRU Medical Devices Ltd., Canada).
Height and weight were measured using a medical digital scale with a meter (SECA 799;
SECA®, GmbH and Co. KG, Hamburg, Germany) and waist, hip, and neck circumferences
were measured with a manual tape. Weight and body composition analyses were performed
with a balance with bioelectrical impedance analysis (InBody 370; BIOSPACE Co., Ltd.,
Seoul, Republic of Korea).

2.3. Variables Definition

In this analysis, SSBs were considered as liquid beverages with added sugar, including
water, sweetened coffee and tea, carbonated soft drinks, fruit drinks and nectars, sports
drinks, and energy drinks. Two methods of nutritional assessment were used: a 24 h recall
(assessed by calorie amount) and a Food Frequency Questionnaire (FFQ–assessment by
frequency). Using both methods ameliorates their limitations. The 24 h recall assesses all
food choices, and the querying of a trained dietitian is less demanding on the memory,
but it only assesses the previous day’s consumption. The FFQ provides a comprehensive
overview of current consumption over a long period, but limitations are the participant’s
memory and estimation of beverage consumption with limited food items [19]. A 24 h
recall was used to categorize participants with high, moderate, low, and no consumption
of SSBs. Using the World Health Organization Guideline [20], categories were based on
energy intake from added sugar from SSBs and participants were stratified into three
categories: none (consume <1% of total energy intake as added sugar from SSBs), low
(1% to <5%), and moderate–high (≥5%). To determine the frequency of consumption, an
FFQ with all types of SSBs mentioned above was used. Participants were asked: “How
often, on average in the last 3 months have you consumed specific foods and drinks?”.
For all SSBs, one drink was equivalent to 200 mL. Participants were classified into three
categories of frequency: never, occasional (<1 SSB per day), and daily (≥1 SSBs per day).
Three categories were specified to assess the proportion of the potential effect and not just
the difference between drinkers and non-drinkers [3]. Total energy intake was assessed
from a 24 h recall. For this analysis, all participants were classified into three categories of
their total energy intake in kcal per day (<2000; 2000–2500; >2500) [3]. Alcohol intake was
obtained from a 24 h diet recall, processed in NutriPro software as grams of ethanol per day,
and classified as: none (consume 0 g of ethanol per day), middle (>0–20 g/day), and high
(>20 g/day) [3]. Hypertension was defined as systolic blood pressure ≥ 140 mmHg
or diastolic blood pressure ≥ 90 mmHg or personal history of hypertension or use of
antihypertensive medication [7]. Smoking status was categorized as never smokers, or
those having smoked fewer than 100 cigarettes in a lifetime; past smokers, those having
stopped smoking at least a year ago; and current smokers, those who smoke either daily or
less than daily over the past year. Physical activity was assessed using the International
Questionnaire of Physical Activity (IPAQ) long version [21]. Participants categorized as
active participated in a vigorous-intensity activity on at least 3 days, achieving a mini-
mum of at least 1500 MET-minutes/week, or 7 or more days of any combination of walk-
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ing, moderate-intensity, or vigorous-intensity activities, achieving a minimum of at least
3000 MET-minutes/week. Participants categorized as minimally active participated in
3 or more days of vigorous activities of at least 20 min per day, 5 or more days of moderate-
intensity activities or walking of at least 30 min per day, or 5 or more days of any combina-
tion of walking, moderate-intensity, or vigorous-intensity activities achieving a minimum
of at least 600 MET-min/week [21]. Participants categorized as inactive did not participate
in any of the activities above. Education was categorized as low (primary school even
not completed and an apprenticeship with/without a school-leaving exam), medium (Sec-
ondary school with a school-leaving exam), and high (post-secondary specialized school,
University, or similar) [22]. Household income was expressed in Euros per month and
classified as low (<1200), middle (1200–1800), or high (>1800).

2.4. Ethics Approval

The study protocol complied with the Helsinki declaration and all participants signed
an informed consent form. The Kardiovize study was approved by the ethics committee of
St Anne’s University Hospital, Brno, Czech Republic (Ref. Number: 28V/2019).

2.5. Statistical Analysis

The SPSS software (SPSS, version 28.0.0.0, IBM Corp.) was used. Considering calorie
amount classification, participants were stratified into four categories—none, low, moderate,
and high. Because the number of respondents in the categories moderate and high was
low, 12.45%, and 5.06%, respectively, these categories were merged into moderate–high.
Continuous variables were presented as mean and standard deviation. The two-sample
t-test was used to determine the difference between the means. Proportions were presented
as percentages and 95% confidence interval (95% CI). The chi-square test was used to
determine the difference between proportions. Differences between groups were assessed
using the ANOVA for continuous parameters and Fisher’s exact or chi-square test for
categorical parameters. Multinomial logistic regression analysis was used to determine
behavioral and social factors related to the different SSBs consumption patterns, adjusting
each variable by age and sex, and then fully adjusted by all covariates. The outcome
variable was SSBs consumption by the amount and by frequency. The level of statistical
significance was set at p < 0.05.

3. Results
3.1. Participants’ Characteristics

In total, 730 participants were included, with a mean age of 55.2 ± 10.8 years, and
52.6% were women. Men had higher weight, BMI, waist circumference, systolic blood
pressure, diastolic blood pressure, fasting blood glucose, triglycerides, lower HDL-c, and
a higher prevalence of hypertension, active physical activity level, higher alcohol intake,
and higher total energy intake than women (Table 1). Women had a higher visceral fat
area, total cholesterol levels, and a higher prevalence of current smoking than men. Men
reported higher educational levels and higher household income than women (Table 1).

Table 1. Participants’ characteristics.

Men Women Total p-Value

Participants, n (%) 346 (47.4) 384 (52.6) 730 (100)

Age (years) 54.5 (10.9) 55.9 (10.6) 55.2 (10.8) 0.079

Weight (kg) 87.7 (13.9) 72.1 (15.1) 79.5 (16.5) <0.001

Height (cm) 180.4 (7.1) 167.1 (6.5) 173.4 (9.5) <0.001

BMI (kg/m2) 26.9 (4.0) 25.8 (5.4) 26.3 (4.8) 0.001

Waist circumference (cm) 98.2 (11.7) 87.0 (13.5) 92.3 (13.9) <0.001
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Table 1. Cont.

Men Women Total p-Value

Visceral fat area (cm2) 94.7 (41.8) 108.4 (51.8) 101.9 (47.8) <0.001

Systolic Blood Pressure (mmHg) 120.1 (13.6) 118.0 (15.8) 119.0 (14.8) 0.047

Diastolic Blood Pressure (mmHg) 78.6 (8.7) 74.3 (8.9) 76.4 (9.1) <0.001

Total cholesterol (mmol/L) 5.2 (0.9) 5.4 (0.9) 5.3 (0.9) 0.004

HDL-cholesterol (mmol/L) 1.3 (0.3) 1.7 (0.4) 1.5 (0.4) <0.001

LDL-cholesterol (mmol/L) 3.3 (0.9) 3.3 (0.9) 3.3 (0.9) 0.630

Fasting Triglycerides (mmol/L) 1.4 (0.7) 1.1 (0.5) 1.2 (0.7) <0.001

Fasting blood glucose (mmol/L) 5.5 (1.1) 5.2 (0.8) 5.3 (1.0) <0.001

Hypertension 41.6 (36.7–46.8) 31.5 (27.3–36.2) 36.3 (32.9–39.4) 0.005

Physical activity level Active 46.2 (40.9–51.7) 40.1 (35.1–44.9) 43.0 (39.5–46.6)

Minimally active 36.7 (31.4–41.9) 43.8 (38.9–48.8) 40.4 (37.0–44.1) 0.141

Inactive 17.1 (13.1–21.1) 16.1 (12.6–19.9) 16.6 (14.1–19.3)

Smoking habit Never smoker 14.7 (11.3–18.6) 15.1 (11.6–18.6) 14.9 (12.3–17.5)

Past smoker 32.4 (27.4–37.3) 26.3 (22.1–30.7) 29.2 (25.8–32.6) 0.185

Current smoker 52.9 (47.8–58.0) 58.6 (54.0–63.5) 55.9 (52.3–59.5)

Alcohol intake None 59.5 (54.5–65.0) 70.3 (65.5–74.9) 65.2 (61.6–68.8)

Middle 16.2 (12.4–19.9) 19.3 (15.4–23.2) 17.8 (15.1–20.8) <0.001

High 24.3 (19.9–28.9) 10.4 (7.6–13.6) 17.0 (14.1–19.7)

Total energy intake
(kcal/day) <2000 42.8 (37.5–47.7) 72.4 (68.1–76.7) 58.4 (54.8–62.1)

2000–2500 28.0 (23.2–32.9) 20.6 (16.6–24.8) 24.1 (21.1–27.4) <0.001

>2500 29.2 (24.5–34.3) 7.0 (4.6–9.6) 17.5 (14.8–20.3)

Education level High 51.4 (46.5–56.4) 38.8 (34.0–43.6) 44.8 (41.8–48.1)

Medium 28.0 (23.2–32.9) 39.6 (34.5–44.5) 34.1 (30.7–37.8) 0.001

Low 20.5 (16.1–25.0) 21.6 (17.8–25.7) 21.1 (18.4–24.1)

Household income High 37.3 (32.1–42.2) 18.0 (14.4–22.1) 27.1 (24.0–30.3)

Middle 48.3 (42.8–53.5) 49.2 (44.3–54.3) 48.8 (45.2–52.6) <0.001

Low 14.5 (10.8–18.2) 32.8 (28.1–37.6) 24.1 (21.1–27.1)

Continuous variables are presented as mean and standard deviation. The two-sample t-test is used to determine
different medians. Proportions are presented as percentages and a 95% Confidence Interval (95% CI). The
chi-square test is used to determine different proportions.

3.2. Prevalence of SSBs Consumption
3.2.1. By Calorie Amount

The prevalence of SSBs consumption was none: 52.5% (95% CI: 49.0–55.9); low: 30.0%
(95% CI: 26.4–33.7); and moderate–high: 17.5% (95% CI: 14.8–20.3) (Table 2). “None-
consumption” was higher in women than men: 57.3% (95% CI: 52.6–62.8) and 47.1% (95%
CI: 42.1–52.3), respectively (p < 0.001), whereas moderate–high consumption was higher
in men than women: 23.4% (95% CI: 19.0–28.0) and 12.2% (95% CI: 9.0–15.7), respectively,
(p < 0.001; Table 2). The amount of SSBs consumed was similar among age groups
(p = 0.278; Figure 1a).
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Figure 1. Prevalence of SSBs consumption in the sample stratified by age groups: (a) by calorie
amount classification; (b) by frequency classification.
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Table 2. Prevalence of SSBs consumption in the sample in general and stratified by sex.

SSBs
Consumption Men Women Total p-Value

By calorie
amount

None 47.1 (42.1–52.3) 57.3 (52.6–62.8) 52.5 (49.0–55.9)
<0.001Low 29.5 (24.9–34.3) 30.5 (25.4–35.0) 30.0 (26.4–33.7)

Moderate–High 23.4 (19.0–28.0) 12.2 (9.0–15.7) 17.5 (14.8–20.3)
By frequency

Never 11.8 (8.3–15.3) 19.8 (15.7–23.9) 16.0 (13.3–18.8)
Occasional 59.8 (55.0–64.9) 68.0 (63.2–72.5) 64.1 (60.7–67.3) <0.001

Daily 28.3 (23.8–33.1) 12.2 (8.9–15.6) 19.9 (17.0–22.7)
Proportions are presented as percentages and a 95% Confidence Interval (95% CI). The chi-square test is used to
determine different proportions. Abbreviation: SSBs—Sugar-sweetened beverages.

3.2.2. By Frequency

The prevalence of SSBs consumption was never: 16.0% (95% CI: 13.3–18.8); occasional:
64.1% (95% CI: 60.7–67.3); and daily: 19.9% (95% CI: 17.0–22.7) (Table 2). “Never con-
sumption” was higher in women than men, 19.8% (95% CI: 15.7–23.9) and 11.8% (95% CI:
8.3–15.3), respectively (p < 0.001), whereas daily consumption was higher in men than
women: 28.3% (95% CI: 23.8–33.1) and 12.2% (95% CI: 8.9–15.6), respectively (p < 0.001;
Table 2). The frequency of SSBs consumption was different by age groups (p = 0.001). The
prevalence of never consumption increased by age, from 8.4% (95% CI: 4.3–13.0) in those
younger than 45 years old, to 25.1% (p < 0.001) in the oldest (Figure 1b). Occasional and
daily consumption remained similar by age groups.

3.3. SSBs Consumption and Cardiometabolic Biomarkers
3.3.1. By Calorie Amount

In both sexes, the value of cardiometabolic biomarkers, including waist circumfer-
ence, visceral fat area, blood pressure, total cholesterol, HDL-cholesterol, LDL-cholesterol,
triglycerides, and fasting blood glucose were similar among the three categories of the SSBs
amount of consumption (Table 3).

Table 3. Description of the values of cardiometabolic biomarkers by SSBs consumption patterns (by
calorie amount and by frequency) stratified by sex.

By Calorie Amount By Frequency

Sex None Low Moderate–
High p-Value Never Occasional Daily p-Value

Waist
circumference (cm) M 98.2 (11.2) 96.9 (12.9) 99.9 (11.1) 0.222 96.6 (12.5) 96.8 (11.2) 101.9

(11.9) 0.001

W 87.1 (14.1) 85.5 (11.7) 90.0 (14.4) 0.152 85.3 (13.8) 86.8 (12.6) 90.7 (17.0) 0.092
Visceral fat area
(cm2) M 95.6 (43.6) 90.3 (41.2) 98.4 (38.5) 0.397 92.9 (48.6) 90.3 (40.4) 104.7

(40.1) 0.018

W 109.5
(53.3)

103.5
(49.1)

116.7
(50.8) 0.317 105.4

(56.2)
107.2
(48.6)

121.1
(60.6) 0.200

Systolic Blood
Pressure (mmHg) M 120.3

(13.3)
118.7
(14.3)

121.6
(13.4) 0.348 121.8

(14.8)
119.4
(13.2)

121.0
(14.0) 0.468

W 118.8
(16.7)

115.9
(13.9)

118.9
(15.7) 0.238 117.9

(17.0)
117.8
(15.7)

118.8
(14.9) 0.933

Diastolic Blood
Pressure (mmHg) M 78.6 (8.9) 77.3 (7.9) 80.2 (8.9) 0.089 78.3 (10.2) 78.2 (8.4) 79.5 (8.6) 0.465

W 74.5 (9.4) 73.4 (7.9) 75.8 (8.5) 0.278 73.2 (8.4) 74.5 (9.2) 75.2 (8.2) 0.389
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Table 3. Cont.

By Calorie Amount By Frequency

Sex None Low Moderate–
High p-Value Never Occasional Daily p-Value

Total cholesterol
(mmol/L) M 5.2 (1.0) 5.2 (1.0) 5.3 (0.9) 0.654 5.3 (1.1) 5.2 (1.0) 5.3 (0.9) 0.721

W 5.4 (0.9) 5.4 (1.1) 5.4 (1.1) 0.996 5.5 (0.9) 5.4 (1.0) 5.5 (1.0) 0.778
HDL-cholesterol
(mmol/L) M 1.3 (0.3) 1.3 (0.3) 1.3 (0.4) 0.808 1.3 (0.4) 1.3 (0.3) 1.3 (0.3) 0.908

W 1.7 (0.4) 1.6 (0.3) 1.6 (0.3) 0.235 1.7 (0.4) 1.7 (0.4) 1.6 (0.4) 0.444
LDL-cholesterol
(mmol/L) M 3.3 (0.9) 3.2 (0.9) 3.3 (0.9) 0.568 3.4 (0.9) 3.3 (0.9) 3.3 (0.9) 0.662

W 3.2 (0.8) 3.3 (1.0) 3.3 (0.9) 0.786 3.2 (0.9) 3.2 (0.9) 3.4 (1.0) 0.728
Fasting
Triglycerides
(mmol/L)

M 1.3 (0.6) 1.3 (0.8) 1.5 (0.9) 0.224 1.3 (0.6) 1.3 (0.7) 1.5 (0.8) 0.066

W 1.1 (0.6) 1.1 (0.5) 1.1 (0.4) 0.676 1.1 (0.5) 1.1 (0.6) 1.1 (0.5) 0.769
Fasting blood
glucose (mmol/L) M 5.6 (1.3) 5.4 (0.9) 5.5 (0.9) 0.446 5.6 (1.0) 5.4 (1.1) 5.6 (1.1) 0.439

W 5.3 (0.9) 5.1 (0.6) 5.3 (0.9) 0.275 5.2 (0.8) 5.2 (0.8) 5.3 (1.0) 0.627

Data are presented as mean and standard deviation. Differences between SSBs consumers were assessed
with ANOVA.

3.3.2. By Frequency

In men, daily consumers had a higher waist circumference (101.9 ± 11.9 cm) than
occasional and never consumers (96.8 ± 11.2 cm and 96.6 ± 12.5 cm, respectively, p = 0.001),
and a higher visceral fat area (104.7 ± 40.1 cm2) than occasional and never consumers
(90.3 ± 40.4 cm2 and 92.9 ±48.6 cm2, respectively, p = 0.018). In women, the values of
cardiometabolic biomarkers were similar among the diverse frequencies of consumption
(Table 3).

3.4. SSBs Consumption and Behavioral Risks Factors
3.4.1. By Calorie Amount

In men, the SSBs amount consumed was not associated with behavioral risk factors,
including physical activity, smoking, alcohol intake, and total energy intake (Table 4).
Women with no consumption had a higher prevalence of lower total energy intake than
those with low and moderate–high consumption (p = 0.023; Table 5). After adjusting by age
and sex, using multinomial logistic regression analysis with no consumption as a reference,
low consumption was associated with a higher total energy intake (Table 6). Using a fully
adjusted model with no consumption as a reference, low consumption was associated
with a higher total energy intake; moderate–high consumption was associated with a high
alcohol intake and higher total energy intake (Table 7).

Table 4. Behavioral and social factors related to the different SSBs consumption patterns for men.

By Calorie Amount By Frequency

None Low Moderate–
High p-Value Never Occasional Daily p-Value

Total 47.1 (42.1–
52.3)

29.5 (24.9–
34.3)

23.4 (19.0–
28.0)

11.8 (8.3–
15.3) 59.8 (55.0–64.9) 28.3 (23.8–

33.1)
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Table 4. Cont.

By Calorie Amount By Frequency

None Low Moderate–
High p-Value Never Occasional Daily p-Value

Physical
activity

Active 47.5 (40.2–
54.9)

28.1 (21.5–
35.1)

24.4 (18.2–
31.3)

13.8 (9.0–
19.6) 55.0 (47.4–62.2) 31.3 (24.2–

38.3)

Minimally 46.5 (37.7–
55.5)

33.9 (25.6–
43.1)

19.7 (12.5–
26.4) 0.532 9.4 (4.5–

15.0) 66.9 (58.5–74.8) 23.6 (16.8–
31.1) 0.352

Inactive 47.5 (34.7–
60.6)

23.7 (13.1–
35.3)

28.8 (17.6–
40.7)

11.9 (3.6–
20.0) 57.6 (45.0–70.2) 30.5 (19.4–

43.1)

Smoking

Never 43.1 (28.6–
57.1)

35.3 (23.3–
49.0)

21.6 (10.5–
34.2)

11.8 (3.6–
21.3) 51.0 (36.2–64.9) 37.3 (24.5–

52.1)

Past 50.9 (40.9–
60.0)

27.7 (19.8–
35.9)

21.4 (14.0–
30.5) 0.775 15.2 (8.7–

21.6) 59.8 (50.0–69.4) 25.0 (17.7–
33.3) 0.353

Current 45.9 (38.8–
53.6)

29.0 (22.5–
35.6)

25.1 (19.0–
31.1)

9.8 (5.5–
14.6) 62.3 (54.6–69.0) 27.9 (21.5–

34.5)

Alcohol
intake

0 45.6 (38.6–
52.4)

28.6 (22.0–
35.0)

25.7 (19.6–
32.0)

13.1 (8.6–
18.1) 58.7 (52.0–65.9) 28.2 (21.9–

34.4)

>0–20 48.2 (34.4–
61.5)

23.2 (11.8–
35.6)

28.6 (16.7–
40.3) 0.181 12.5 (4.3–

22.0) 62.5 (49.0–75.5) 25.0 (13.7–
36.4) 0.788

>20 50.0 (39.2–
61.3)

35.7 (25.3–
46.0)

14.3
(7.2–21.6)

8.3 (2.8–
14.9) 60.7 (50.0–70.9) 31.0 (21.4–

41.5)

Total
energy
intake

<2000 52.0 (43.8–
60.0)

27.7 (20.0–
34.8)

20.3 (13.9–
26.8)

15.5
(10.2–
21.9)

64.2 (56.2–71.9) 20.3 (14.0–
26.7)

2000–2500 46.4 (36.1–
56.1)

27.8 (19.3–
37.5)

25.8 (16.9–
34.9) 0.460 11.3 (5.4–

18.3) 59.8 (50.0–70.0) 28.9 (19.8–
38.0) 0.012

>2500 40.6 (30.6–
50.0)

33.7 (23.9–
42.9)

25.7 (17.4–
34.1)

6.9 (2.1–
12.4) 53.5 (43.6–63.9) 39.6 (29.9–

49.1)

Household
income

High 46.5 (38.1–
55.2)

29.5 (21.1–
37.1)

24.0 (16.5–
31.5)

11.6 (6.5–
17.4) 67.4 (59.7–75.0) 20.9 (13.9–

28.3)

Middle 50.9 (43.2–
59.0)

29.9 (22.8–
37.2)

19.2 (13.6–
25.2) 0.160 10.2 (5.7–

15.5) 59.3 (51.9–66.7) 30.5 (23.7–
37.1) 0.026

Low 36.0 (22.6–
50.0)

28.0 (15.4–
41.1)

36.0 (23.9–
50.0)

18.0 (7.4–
28.6) 42.0 (27.5–56.5) 40.0 (26.5–

54.4)

Education
level

High 51.1 (43.1–
59.0)

24.2 (17.8–
30.9)

24.7 (18.2–
31.2)

12.4 (7.9–
17.7) 64.0 (56.4–71.3) 23.6 (17.6–

29.7)

Medium 41.2 (30.9–
51.5)

35.1 (25.6–
45.5)

23.7 (15.6–
31.8) 0.244 8.2 (3.3–

14.1) 58.8 (49.5–69.1) 33.0 (23.3–
42.9) 0.175

Low 45.1 (33.9–
57.1)

35.2 (24.3–
47.3)

19.7 (10.1–
29.0)

15.5 (7.7–
24.4) 50.7 (39.2–62.3) 33.8 (22.5–

44.9)

Proportions are presented as percentages and a 95% Confidence Interval (95% CI). The chi-square test is used to
determine different proportions.

Table 5. Behavioral and social factors related to the different SSBs consumption patterns for women.

By Calorie Amount By Frequency

None Low Moderate–
High p-Value Never Occasional Daily p-Value

Total 57.3 (52.6–
62.8)

30.5 (25.4–
35.0)

12.2
(9.0–15.7)

19.8 (15.7–
23.9) 68.0 (63.2–72.5) 12.2

(8.9–15.6)
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Table 5. Cont.

By Calorie Amount By Frequency

None Low Moderate–
High p-Value Never Occasional Daily p-Value

Physical
activity

Active 59.7 (51.3–
67.3)

28.6 (21.9–
35.5)

11.7
(6.7–17.2)

24.7 (18.0–
32.1) 62.3 (54.5–70.0) 13.0

(7.8–18.5)

Minimally 56.5 (49.1–
64.1)

29.2 (22.6–
36.5)

14.3
(9.0–19.8) 0.476 17.3 (12.0–

23.3) 73.8 (66.9–80.4) 8.9
(4.9–13.9) 0.061

Inactive 53.2 (40.0–
65.3)

38.7 (26.3–
50.9)

8.1
(1.7–15.4)

14.5
(5.8–24.2) 66.1 (54.4–77.4) 19.4

(9.4–29.5)

Smoking

Never 55.2 (41.0–
68.6)

31.0 (19.6–
44.4)

13.8
(5.3–23.1)

22.4 (11.9–
34.0) 63.8 (50.0–75.9) 13.8

(5.4–23.9)

Past 58.4 (48.1–
68.0)

32.7 (23.2–
42.2)

8.9
(3.7–14.3) 0.813 19.8 (12.0–

27.7) 64.4 (55.7–74.2) 15.8
(8.9–23.6) 0.597

Current 57.3 (50.4–
63.8)

29.3 (23.6–
35.5)

13.3
(8.8–17.8)

19.1 (13.7–
23.9) 70.7 (64.9–76.8) 10.2

(6.3–14.1)

Alcohol
intake

0 57.8 (51.7–
63.7)

29.3 (23.7–
34.9)

13.0
(9.2–17.0)

18.9 (14.2–
23.5) 68.1 (62.7–73.3) 13.0

(8.9–17.2)

>0–20 55.4 (43.7–
66.7)

35.1 (24.3–
46.5)

9.5
(3.2–16.2) 0.861 17.6

(9.3–26.2) 77.0 (67.5–86.1) 5.4
(1.2–11.5) 0.039

>20 57.5 (42.4–
73.2)

30.0 (16.7–
43.9)

12.5
(2.9–23.5)

30.0 (16.1–
44.1) 50.0 (35.3–66.0) 20.0

(7.7–32.4)

Total
energy
intake

<2000 61.9 (56.3–
67.7)

25.9 (20.8–
31.2)

12.2
(8.6–16.2)

22.3 (17.3–
27.0) 67.6 (62.3–73.3) 10.1

(6.5–13.8)

2000–2500 46.8 (35.9–
57.5)

40.5 (30.0–
52.1)

12.7
(6.2–20.8) 0.025 12.7

(5.7–20.5) 72.2 (61.9–82.2) 15.2
(7.7–23.3) 0.049

>2500 40.7 (22.2–
60.0)

48.1 (28.0–
66.7)

11.1
(0.0–24.2)

14.8
(3.4–28.1) 59.3 (40.6–78.6) 25.9 (10.0–

44.8)

Household
income

High 59.4 (47.1–
71.8)

31.9 (20.3–
42.6)

8.7
(2.8–16.0)

14.5
(7.2–24.2) 76.8 (65.8–86.1) 8.7

(2.9–16.0)

Middle 60.3 (53.3–
67.6)

29.1 (22.6–
35.8)

10.6
(6.4–15.4) 0.348 19.6 (13.8–

25.0) 67.7 (61.3–74.4) 12.7
(8.2–17.4) 0.446

Low 51.6 (41.8–
60.6)

31.7 (24.0–
40.5)

16.7 (10.3–
23.8)

23.0 (15.9–
30.5) 63.5 (54.7–72.0) 13.5

(7.7–19.8)

Education
level

High 65.1 (58.2–
72.3)

28.9 (21.4–
36.1)

6.0
(2.4–9.8)

20.1 (13.9–
26.5) 73.8 (66.9–80.8) 6.0

(2.6–9.9)

Medium 50.0 (42.4–
57.8)

33.6 (26.6–
40.5)

16.4 (11.2–
22.8) 0.022 19.1 (13.3–

25.4) 64.5 (56.6–72.0) 16.4 (10.8–
22.6) 0.062

Low 56.6 (45.7–
67.4)

27.7 (18.2–
37.5)

15.7
(8.3–23.9)

20.5 (12.1–
29.1) 63.9 (53.6–73.5) 15.7

(7.8–23.9)

Proportions are presented as percentages and a 95% Confidence Interval (95% CI). The chi-square test is used to
determine different proportions.

Table 6. Behavioral and social factors related to the different SSBs consumption patterns, adjusting
each variable by age and sex using a multinomial regression analysis.

By Calorie Amount By Frequency

Low Moderate–High Occasional Daily

Physical activity
Active 1 1 1 1
Minimally active 1.14 (0.79–1.64) 1.00 (0.64–1.57) 1.77 (1.12–2.78) 1.06 (0.60–1.86)
Inactive 1.17 (0.72–1.90) 1.10 (0.61–1.96) 1.60 (0.86–2.98) 1.72 (0.84–3.53)

Smoking
Never 1 1 1 1
Past 0.81 (0.48–1.37) 0.76 (0.39–1.48) 1.08 (0.57–2.05) 0.78 (0.37–1.67)
Current 0.84 (0.52–1.36) 1.00 (0.55–1.82) 1.25 (0.69–2.27) 0.80 (0.40–1.62)
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Table 6. Cont.

By Calorie Amount By Frequency

Low Moderate–High Occasional Daily

Alcohol intake
None 1 1 1 1
Middle 0.91 (0.51–1.60) 1.67 (0.80–3.48) 1.55 (0.75–3.19) 0.74 (0.31–1.79)
High 0.88 (0.56–1.38) 1.71 (0.93–3.12) 1.24 (0.69–2.22) 0.95 (0.49–1.85)

Total energy intake
<2000 1 1 1 1
2000–2500 1.61 (1.07–2.43) 1.41 (0.86–2.31) 1.46 (0.85–2.49) 2.22 (1.17–4.21)
>2500 2.08 (1.28–3.38) 1.55 (0.87–2.74) 1.45 (0.71–2.97) 3.80 (1.75–8.26)

Household income
High 1 1 1 1
Middle 0.91 (0.60–1.38) 0.39 (0.56–1.54) 0.99 (0.57–1.73) 1.75 (0.89–3.41)
Low 1.15 (0.68–1.95) 2.30 (1.24–4.26) 0.79 (0.41–1.50) 1.96 (0.89–4.33)

Education level
High 1 1 1 1
Middle 1.66 (1.13–2.44) 1.75 (1.09–2.79) 1.14 (0.71–1.89) 2.25 (1.24–4.08)
Low 1.35 (0.86–2.11) 1.38 (0.80–2.39) 0.88 (0.51–1.50) 1.78 (0.93–3.41)

Logistic regression analysis adjusting each variable by age and sex. Data are presented as Odds Ratio (OR) and
95% Confidence Interval (95% CI).

Table 7. Behavioral and social factors related to the different SSBs consumption patterns, fully
adjusted using a multinomial regression analysis.

By Calorie Amount By Frequency

Low Moderate–High Occasional Daily

Physical activity
Active 1 1 1 1
Minimally active 1.24 (0.85–1.82) 1.04 (0.66–1.66) 1.78 (1.12–2.82) 1.20 (0.67–2.15)
Inactive 1.26 (0.77–2.05) 1.10 (0.60–2.00) 1.69 (0.9–3.19) 2.02 (0.96–4.23)

Smoking
Never 1 1 1 1
Past 0.83 (0.49–1.42) 0.74 (0.37–1.46) 1.15 (0.60–2.21) 0.86 (0.39–1.87)
Current 0.90 (0.55–1.49) 1.01 (0.54–1.89) 1.30 (0.71–2.40) 0.92 (0.44–1.93)

Alcohol intake
None 1 1 1 1
Middle 1.02 (0.57–1.84) 1.91 (0.89–4.10) 1.57 (0.74–3.32) 0.94 (0.37–2.37)
High 1.02 (0.63–1.65) 2.00 (1.06–3.76) 1.28 (0.70–2.36) 1.18 (0.58–2.39)

Total energy intake
<2000 1 1 1 1
2000–2500 1.71 (1.12–2.60) 1.55 (0.93–2.59) 1.15 (0.88–2.64) 2.44 (1.26–4.70)
>2500 2.32 (1.39–3.85) 1.88 (1.03–3.44) 1.65 (0.78–3.45) 4.76 (2.11–10.76)

Household income
High 1 1 1 1
Middle 0.80 (0.51–1.24) 0.83 (0.48–1.42) 1.00 (0.57–1.78) 1.52 (0.74–3.09)
Low 0.94 (0.53–1.66) 2.05 (1.05–4.00) 0.77 (0.39–1.53) 1.54 (0.65–3.64)

Education level
High 1 1 1 1
Middle 1.87 (1.24–2.84) 1.72 (1.03–2.86) 1.35 (0.80–2.26) 2.42 (1.27–4.62)
Low 1.52 (0.94–2.48) 1.31 (0.71–2.41) 1.05 (0.59–1.87) 1.87 (0.91–3.85)

Logistic regression analysis adjusting each variable by age, sex, physical activity, smoking, alcohol intake, total
energy intake, household income, and education level. Data are presented as Odds Ratio (OR) and 95% Confidence
Interval (95% CI).

3.4.2. By Frequency

Men and women with lower total energy intake had a higher prevalence of never
consumption than those with higher total energy intake (p < 0.05; Table 5). In women,
daily consumers had a lower prevalence of alcohol intake than those with lower SSBs
consumption (p = 0.039; Table 5). After adjusting by age and sex (Table 6) and adjusting
by all covariates (Table 7) using multinomial logistic regression with never frequency as a
reference, occasional consumption was associated with minimal physical activity, but the
result was not consistent with daily consumption. Daily consumption was associated with
higher total energy intake.
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3.5. SSBs Consumption and Socioeconomic Determinants
3.5.1. By Calorie Amount

In men, the SSBs amount consumed was not associated with socioeconomic de-
terminants, including household income and education level (Table 4). Women with
no consumption had a higher prevalence of high education levels than those with low
and moderate–high consumption (p = 0.019; Table 5). After adjusting by age and sex
(Table 6) and adjusting by all covariates (Table 7), using multinomial logistic regression
with no consumption as a reference, moderate–high consumption was associated with low
household income. Low and moderate–high consumption were associated with middle
education levels.

3.5.2. By Frequency

In men, lower household income was associated with never consumption (p = 0.026;
Table 4). In women, the prevalence of consumption was similar among the social determi-
nants (Table 5). After adjusting by age and sex (Table 6) and adjusting by all covariates
(Table 7), using multinomial logistic regression with never frequency as a reference, daily
consumption was associated with middle education level.

4. Discussion

This study aimed to analyze the prevalence of SSBs consumption and the association
with cardiometabolic, behavioral risk factors, and socioeconomic determinants. In total,
17.5% of participants consumed moderate–high amounts of SSBs, and 19.9% drank SSBs
every day. Evaluating the consumption of SBBs by calorie amount and frequency, men
reported a higher amount and frequency of consumption than women. Despite the amount
consumed being similar by age group, younger participants reported a higher frequency of
consumption than older adults. The amount of consumption was not associated with the
presence of cardiometabolic biomarkers, but men with a higher frequency of consumption
had higher waist circumference and visceral fat adiposity than those with a lower frequency
of consumption. There was no clear association between SBBs consumption and behavioral
risk factors, in general, a lower consumption (in women) and lower frequency (in both
sexes) were associated with a lower energy intake. The lower amount of consumption was
associated with higher education levels in women, and a higher frequency was associated
with lower household income in men.

Compared to the Czech results of the HAPIEE study, which reported the prevalence of
consumption by frequency, in this study, never consumption was lower by 30.8% (46.8% vs.
16.0%, respectively), occasional consumption (<1 drink per day) was higher by 33.3% (30.8%
vs. 64.1%, respectively), and daily consumption (≥1 drink per day) was lower by 2.5%
(22.4% vs. 19.9%, respectively). Despite the inherent limitations comparing both studies,
considering that in the HAPIEE study only non-alcoholic carbonated drinks (such as coke,
fizzy orange, or lemonade) were included, these results represent an apparent increase
in the frequency of consumption of SSBs in the Czech population in the last 17 years.
Additionally, compared with the three countries included in the HAPIEE study (exclusive
results from Czechia were not available), men reported higher frequency than women.
Similarly, lower education levels, regular alcohol intake, and lower physical activity were
associated with a higher frequency of consumption [3], which is consistent with the results
of this study.

Men who consumed SSBs daily had higher waist circumference and visceral fat area
compared to occasional drinkers and non-consumers. These findings are consistent with
other epidemiological studies, where the consumption of SSBs has been associated with
adverse effects on ectopic and visceral fat accumulation [23,24]. SSBs are sweetened with
high-fructose corn syrup, which is 45–58% glucose and 42–55% fructose; or sucrose which
is 50% glucose and 50% fructose [24]. Excess fructose intake could lead to atherogenic
dyslipidemia, insulin resistance, and increased hepatic de novo lipogenesis. SSBs promote
the production and secretion of very low-density lipoproteins leading to increased concen-
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trations of postprandial triglycerides [25]. This mechanism stimulates the deposition of
triglycerides in visceral adipose tissue mediated by lipoprotein lipase, which is regulated
by insulin. It was proposed that excess fructose intake from SSBs results in hepatic fat
accumulation, leading to hepatic and peripheral insulin resistance [23]. These mechanisms
link visceral fat accumulation, SSBs consumption, and increased risk of prediabetes and
T2D [6,26].

High intake of sugar from SSBs has been associated with adverse gut microbiota
composition; however, the mechanism is not clear. A potential pathway is the malabsorp-
tion of fructose, one of the most poorly absorbed carbohydrates. Unabsorbed fructose in
excessive loads passes to the large intestine where it becomes a fermentable substrate for
the gut microbiota. As a result, the composition of the microbiota is modified according
to the available substrate and could cause dysbiosis with loss of microbial diversity [27].
Additionally, a higher Firmicutes: Bacteroides ratio, which has been several times associated
with overweight and obesity [28], was also positively associated with SSBs intake [29].

Effective public health interventions to reduce SSBs consumption include the follow-
ing tools: traffic light labeling of products, in-store promotion of healthier beverages in
supermarkets, government food benefit programs with restrictions on purchasing SSBs,
multicomponent community campaigns focused on SSBs, or improved availability of low-
calorie drinks in the home environment [30]. According to best buys by the World Health
Organization, an efficient intervention to reduce sugar consumption is through effective
taxation on sugar-sweetened beverages [31]. The global health policy recommendation
of an adaptation of SSBs taxes, with a constructive collaboration between finance and
health policymakers as a key factor, is operating in many European countries, such as
Belgium, France, Hungary, Netherlands, and the UK. Both tax bases and rates vary between
states, and the usual form of taxes is excises or levies [32]. As evidenced by UK data from
2015–2018, sales of taxable SSBs fell by 50% due to the implementation of the soft drink
industry levy [33]. Model-based analysis performed in Germany implementing a 20%
SSBs tax showed that this strategy could have a significant impact on overweight and
obesity [34]. Public acceptability is higher when the income from taxes is used for health
initiatives [35]. Those strategies could be an integral part of an effective action against
the obesity pandemic. In Czechia, a special policy on unhealthy foods that sets out the
requirements for food, including beverages, that can be offered for sale and sold in schools
and educational establishments, started in 2016 [36]. Regulations covering the whole Czech
population are not yet available.

One limitation of the present study that can be highlighted is the cross-sectional nature,
which does not allow for the determination of causality. Therefore, reverse causality may
play a role in some observed relationships. Second, measurements of SSB intake by FFQ
and just a 24 h recall of a day’s intake may be inaccurate and lead to misclassifications [37].
Furthermore, the urban character of the study sample does not allow the generalization of
the findings to the entire population. Responders could probably be healthier compared to
the general population [38]. Comparing our data with other studies due to the different
definitions of SSBs was difficult. Most studies define SSBs as beverages with sugars that
are added during processing, such as carbonated and non-carbonated lemonades. These
studies excluded beverages with naturally occurring sugars, such as 100% fruit juices.
Although WHO guidelines specify that 100% fruit juices provide free sugars, these drinks
are still generally perceived as healthier choices by consumers. Regarding differences
between types of sugar, consumers should be aware that even 100% juices contain as much
sugar (naturally present) and energy as carbonated beverages [39]. On the other hand,
the extensive and rigorous measurement of risk factors and the participation of a trained
multidisciplinary team increase the study’s validity. The main strength of the study is
that it presents information on the current prevalence of SSB consumption in Czechia
with associated cardiometabolic biomarkers, behavioral risk factors, and socioeconomic
determinants using two validated measurements.
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5. Conclusions

In total, 20% of participants drank SSBs daily, with higher consumption in men than in
women. Daily consumption was associated with greater waist circumference and visceral
fat area in men. Compared to previous Czech reports, these results represent that the
prevalence of occasional drinking (<1 drink per day) has doubled in the past decade, and
the daily drinking remains unchanged. However, 20% of daily consumption nearly doubles
the prevalence reported by the European Health Interview Survey (EHIS–11.4%). Using
an additional metric, 17.5% of participants consumed moderate-to-high calorie amounts
of SSBs. These results demand a call to action to establish public health policies to reduce
alcohol consumption, targeting mainly younger men and individuals with low education
and income. The implementation of policies with evidence-based interventions could
reduce the consumption of SSBs, and the promotion of healthier beverage reformulations
would bring benefits to the population’s health.

Author Contributions: Conceptualization, M.K. and J.P.G.-R.; methodology, M.K. and J.P.G.-R.;
software, M.K. and J.P.G.-R.; writing—original draft preparation, M.K. and J.P.G.-R.; writing—review
and editing, G.A.M.N., M.M.I.-G. and R.N.-M. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by the European Union’s Horizon 2020 research and inno-
vation program under grant agreement No 733032. The material presented and views expressed
here are the responsibility of the authors only. The EU Commission takes no responsibility for
any use made of the information set out. This work was also supported by project ENOCH (no.
CZ.02.1.01/0.0/0.0/16_019/0000868), and by Masaryk University (project MUNI/A/1402/2021).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the ethics committee of St. Anne’s University Hospital,
Brno, Czech Republic (Ref. Number: 28V/2019).

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author. The data are not publicly available.

Acknowledgments: The authors are grateful to all participants of the study. They want to extend
their gratitude and appreciation to all members of the Kardiovize team.

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

References
1. Pereira, M.A. Sugar-Sweetened and Artificially-Sweetened Beverages in Relation to Obesity Risk. Adv. Nutr. 2014, 5, 797–808.

[CrossRef] [PubMed]
2. Luger, M.; Lafontan, M.; Bes-Rastrollo, M.; Winzer, E.; Yumuk, V.; Farpour-Lambert, N. Sugar-Sweetened Beverages and Weight

Gain in Children and Adults: A Systematic Review from 2013 to 2015 and a Comparison with Previous Studies. Obes Facts 2017,
10, 674–693. [CrossRef] [PubMed]

3. Garduño-Alanís, A.; Malyutina, S.; Pajak, A.; Stepaniak, U.; Kubinova, R.; Denisova, D.; Pikhart, H.; Peasey, A.; Bobak, M.; Stefler,
D. Association between Soft Drink, Fruit Juice Consumption and Obesity in Eastern Europe: Cross-sectional and Longitudinal
Analysis of the HAPIEE Study. J. Hum. Nutr. Diet. 2020, 33, 66–77. [CrossRef] [PubMed]

4. Guzman-Vilca, W.C.; Yovera-Juarez, E.A.; Tarazona-Meza, C.; García-Larsen, V.; Carrillo-Larco, R.M. Sugar-Sweetened Beverage
Consumption in Adults: Evidence from a National Health Survey in Peru. Nutrients 2022, 14, 582. [CrossRef]

5. Singh, G.M.; Micha, R.; Khatibzadeh, S.; Lim, S.; Ezzati, M.; Mozaffarian, D. Estimated Global, Regional, and National Disease
Burdens Related to Sugar-Sweetened Beverage Consumption in 2010. Circulation 2015, 132, 639–666. [CrossRef]

6. Sartor, F.; Donaldson, L.F.; Markland, D.A.; Loveday, H.; Jackson, M.J.; Kubis, H.-P. Taste Perception and Implicit Attitude toward
Sweet Related to Body Mass Index and Soft Drink Supplementation. Appetite 2011, 57, 237–246. [CrossRef]

7. Hernández-López, R.; Canto-Osorio, F.; Vidaña-Pérez, D.; Torres-Ibarra, L.; Rivera-Paredez, B.; Gallegos-Carrillo, K.; Velazquez,
R.; Ramírez, P.; Barrientos-Gutiérrez, T.; Salmerón, J.; et al. Soft Drink and Non-Caloric Soft Drink Intake and Their Association
with Blood Pressure: The Health Workers Cohort Study. Nutr. J. 2022, 21, 37. [CrossRef]

8. Malik, V.S.; Hu, F.B. Sugar-Sweetened Beverages and Cardiometabolic Health: An Update of the Evidence. Nutrients 2019, 11,
1840. [CrossRef]

http://doi.org/10.3945/an.114.007062
http://www.ncbi.nlm.nih.gov/pubmed/25398745
http://doi.org/10.1159/000484566
http://www.ncbi.nlm.nih.gov/pubmed/29237159
http://doi.org/10.1111/jhn.12696
http://www.ncbi.nlm.nih.gov/pubmed/31475413
http://doi.org/10.3390/nu14030582
http://doi.org/10.1161/CIRCULATIONAHA.114.010636
http://doi.org/10.1016/j.appet.2011.05.107
http://doi.org/10.1186/s12937-022-00792-y
http://doi.org/10.3390/nu11081840


Nutrients 2022, 14, 5297 15 of 16

9. Meng, Y.; Li, S.; Khan, J.; Dai, Z.; Li, C.; Hu, X.; Shen, Q.; Xue, Y. Sugar- and Artificially Sweetened Beverages Consumption Linked
to Type 2 Diabetes, Cardiovascular Diseases, and All-Cause Mortality: A Systematic Review and Dose-Response Meta-Analysis
of Prospective Cohort Studies. Nutrients 2021, 13, 2636. [CrossRef]

10. Popkin, B.M.; Hawkes, C. Sweetening of the Global Diet, Particularly Beverages: Patterns, Trends, and Policy Responses. Lancet
Diabetes Endocrinol. 2016, 4, 174–186. [CrossRef]

11. Statistics|Eurostat. Frequency of Drinking Sugar-Sweetened Soft Drinks by Sex, Age and Educational Attainment Level. Available
online: https://ec.europa.eu/eurostat/databrowser/view/hlth_ehis_fv7e/default/bar?lang=en (accessed on 13 September
2022).

12. European Commission; Statistical Office of the European Union. European Health Interview Survey (EHIS Wave 3): Methodological
Manual: 2020 Edition (Re Edition); Publications Office: Luxemburgo, 2020.

13. Cobiac, L.J.; Tam, K.; Veerman, L.; Blakely, T. Taxes and Subsidies for Improving Diet and Population Health in Australia: A
Cost-Effectiveness Modelling Study. PLoS Med. 2017, 14, e1002232. [CrossRef] [PubMed]

14. World Health Organization. Taxes on Sugary Drinks: Why Do It? 2017. Available online: https://apps.who.int/iris/handle/1066
5/260253 (accessed on 20 July 2022).

15. Movsisyan, N.K.; Vinciguerra, M.; Lopez-Jimenez, F.; Kunzová, Š.; Homolka, M.; Jaresova, J.; Cífková, R.; Sochor, O. Kardiovize
Brno 2030, a Prospective Cardiovascular Health Study in Central Europe: Methods, Baseline Findings and Future Directions. Eur.
J. Prev. Cardiolog. 2018, 25, 54–64. [CrossRef] [PubMed]

16. Czech Health Statistics Yearbook 2019. Available online: https://www.uzis.cz/en/publications/czech-health-statistics-yearbook-
2019 (accessed on 9 August 2022).

17. Harris, P.A.; Taylor, R.; Thielke, R.; Payne, J.; Gonzalez, N.; Conde, J.G. Research Electronic Data Capture (REDCap)—A Metadata-
Driven Methodology and Workflow Process for Providing Translational Research Informatics Support. J. Biomed. Inform. 2009, 42,
377–381. [CrossRef] [PubMed]

18. NutriPro Expert. Available online: https://nutripro.cz/ (accessed on 24 August 2022).
19. Looman, M.; Boshuizen, H.C.; Feskens, E.J.; Geelen, A. Using Enhanced Regression Calibration to Combine Dietary Intake

Estimates from 24 h Recall and FFQ Reduces Bias in Diet–Disease Associations. Public Health Nutr. 2019, 22, 2738–2746. [CrossRef]
[PubMed]

20. Guideline: Sugars Intake for Adults and Children; World Health Organization: Geneva, Switzerland, 2015; ISBN 978-92-4-154902-8.
Available online: https://www.who.int/publications/i/item/9789241549028 (accessed on 25 August 2022).

21. Polito, A.; Intorre, F.; Ciarapica, D.; Barnaba, L.; Tagliabue, A.; Ferraris, C.; Zaccaria, M. Physical Activity Assessment in an Italian
Adult Population Using the International Physical Activity Questionnaire. Obes. Res. Open J. 2016, 3, 43–52. [CrossRef]

22. Maugeri, A.; Barchitta, M.; Kunzova, S.; Bauerova, H.; Agodi, A.; Vinciguerra, M. The Association of Social and Behavioral
Factors with Dietary Risks in Adults: Evidence from the Kardiovize Brno 2030 Study. Nutr. Metab. Cardiovasc. Dis. 2020, 30,
896–906. [CrossRef]

23. Ma, J.; Sloan, M.; Fox, C.S.; Hoffmann, U.; Smith, C.E.; Saltzman, E.; Rogers, G.T.; Jacques, P.F.; McKeown, N.M. Sugar-Sweetened
Beverage Consumption Is Associated with Abdominal Fat Partitioning in Healthy Adults. J. Nutr. 2014, 144, 1283–1290. [CrossRef]

24. Odegaard, A.O.; Choh, A.C.; Czerwinski, S.A.; Towne, B.; Demerath, E.W. Sugar-Sweetened and Diet Beverages in Relation to
Visceral Adipose Tissue. Obesity 2012, 20, 689–691. [CrossRef]

25. Malik, V.S.; Hu, F.B. Fructose and Cardiometabolic Health. J. Am. Coll. Cardiol. 2015, 66, 1615–1624. [CrossRef]
26. Jung, S.H.; Ha, K.H.; Kim, D.J. Visceral Fat Mass Has Stronger Associations with Diabetes and Prediabetes than Other Anthropo-

metric Obesity Indicators among Korean Adults. Yonsei Med. J. 2016, 57, 674. [CrossRef]
27. Payne, A.N.; Chassard, C.; Lacroix, C. Gut Microbial Adaptation to Dietary Consumption of Fructose, Artificial Sweeteners and

Sugar Alcohols: Implications for Host-Microbe Interactions Contributing to Obesity: Fructose Impacts on Gut Microbiota and
Obesity. Obes. Rev. 2012, 13, 799–809. [CrossRef] [PubMed]

28. Vallianou, N.; Stratigou, T.; Christodoulatos, G.S.; Dalamaga, M. Understanding the Role of the Gut Microbiome and Microbial
Metabolites in Obesity and Obesity-Associated Metabolic Disorders: Current Evidence and Perspectives. Curr. Obes Rep. 2019, 8,
317–332. [CrossRef] [PubMed]

29. Ramne, S.; Brunkwall, L.; Ericson, U.; Gray, N.; Kuhnle, G.G.C.; Nilsson, P.M.; Orho-Melander, M.; Sonestedt, E. Gut Microbiota
Composition in Relation to Intake of Added Sugar, Sugar-Sweetened Beverages and Artificially Sweetened Beverages in the
Malmö Offspring Study. Eur. J. Nutr. 2021, 60, 2087–2097. [CrossRef] [PubMed]

30. von Philipsborn, P.; Stratil, J.M.; Burns, J.; Busert, L.K.; Pfadenhauer, L.M.; Polus, S.; Holzapfel, C.; Hauner, H.; Rehfuess, E.
Environmental Interventions to Reduce the Consumption of Sugar-Sweetened Beverages and Their Effects on Health. Cochrane
Database Syst. Rev. 2019, 6, CD012292. [CrossRef] [PubMed]

31. World Health Organization. ‘Best Buys’ and Other Recommended Interventions for the Prevention and Control of Noncommuni-
cable Diseases. 2017. Available online: https://apps.who.int/iris/bitstream/handle/10665/259232/WHO-NMH-NVI-17.9-eng.
pdf (accessed on 12 October 2022).

32. Thow, A.M.; Rippin, H.L.; Mulcahy, G.; Duffey, K.; Wickramasinghe, K. Sugar-Sweetened Beverage Taxes in Europe: Learning for
the Future. Eur. J. Public Health 2022, 32, 273–280. [CrossRef]

33. Bandy, L.K.; Scarborough, P.; Harrington, R.A.; Rayner, M.; Jebb, S.A. Reductions in Sugar Sales from Soft Drinks in the UK from
2015 to 2018. BMC Med. 2020, 18, 20. [CrossRef]

http://doi.org/10.3390/nu13082636
http://doi.org/10.1016/S2213-8587(15)00419-2
https://ec.europa.eu/eurostat/databrowser/view/hlth_ehis_fv7e/default/bar?lang=en
http://doi.org/10.1371/journal.pmed.1002232
http://www.ncbi.nlm.nih.gov/pubmed/28196089
https://apps.who.int/iris/handle/10665/260253
https://apps.who.int/iris/handle/10665/260253
http://doi.org/10.1177/2047487317726623
http://www.ncbi.nlm.nih.gov/pubmed/28812915
https://www.uzis.cz/en/publications/czech-health-statistics-yearbook-2019
https://www.uzis.cz/en/publications/czech-health-statistics-yearbook-2019
http://doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/pubmed/18929686
https://nutripro.cz/
http://doi.org/10.1017/S1368980019001563
http://www.ncbi.nlm.nih.gov/pubmed/31262375
https://www.who.int/publications/i/item/9789241549028
http://doi.org/10.17140/OROJ-4-127
http://doi.org/10.1016/j.numecd.2020.02.009
http://doi.org/10.3945/jn.113.188599
http://doi.org/10.1038/oby.2011.277
http://doi.org/10.1016/j.jacc.2015.08.025
http://doi.org/10.3349/ymj.2016.57.3.674
http://doi.org/10.1111/j.1467-789X.2012.01009.x
http://www.ncbi.nlm.nih.gov/pubmed/22686435
http://doi.org/10.1007/s13679-019-00352-2
http://www.ncbi.nlm.nih.gov/pubmed/31175629
http://doi.org/10.1007/s00394-020-02392-0
http://www.ncbi.nlm.nih.gov/pubmed/33030577
http://doi.org/10.1002/14651858.CD012292.pub2
http://www.ncbi.nlm.nih.gov/pubmed/31194900
https://apps.who.int/iris/bitstream/handle/10665/259232/WHO-NMH-NVI-17.9-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/259232/WHO-NMH-NVI-17.9-eng.pdf
http://doi.org/10.1093/eurpub/ckab211
http://doi.org/10.1186/s12916-019-1477-4


Nutrients 2022, 14, 5297 16 of 16

34. Schwendicke, F.; Stolpe, M. Taxing Sugar-Sweetened Beverages: Impact on Overweight and Obesity in Germany. BMC Public
Health 2017, 17, 88. [CrossRef]

35. Eykelenboom, M.; van Stralen, M.M.; Olthof, M.R.; Renders, C.M.; Steenhuis, I.H.; PEN Consortium. Public Acceptability of a
Sugar-Sweetened Beverage Tax and Its Associated Factors in the Netherlands. Public Health Nutr. 2021, 24, 2354–2364. [CrossRef]
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