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Association between soft drink consumption and 
cardiovascular disease risk among Brazilian adults:  
a cross-sectional study
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Mariana Santos Felisbino-MendesV, Deborah Carvalho MaltaVI, Gustavo Velasquez-MelendezVII

School of Nursing, Universidade Federal de Minas Gerais (UFMG), Belo Horizonte, MG, Brazil

INTRODUCTION
The concept of diet quality reflects an evaluation of various food types, nutrients, and dietary 
constituents in relation to established dietary recommendations and/or health outcomes, which 
can be verified through diet quality indices.1 Inadequate diet is considered a major risk factor for 
chronic noncommunicable diseases and mortality.2 Among foods that undergo a high degree of 
industrial processing, ultra-processed foods are considered the most harmful to health and their 
consumption is associated with an increased incidence of diseases.3

Sweetened soft drinks, classified as ultra-processed foods, account for a large proportion of 
high-calorie diets, which are associated with excessive weight gain.4

These beverages are consumed by a considerable proportion of the Brazilian population.5 
Consumption patterns differ among sociodemographic, regional, and economic variables of 
the population.5,6

Evidence that increased soft drink consumption is associated with adverse health outcomes 
is not recent.7 These beverages are typically sweetened with corn syrup or sucrose; a component 
of these sugars is the monosaccharide fructose which, when consumed frequently, results in 
increased visceral and intramuscular fat deposition,8 elevated levels of uric acid,9 insulin resis-
tance, and dyslipidemia.10

Ultra-processed and sugar-sweetened beverages such as soft drinks increase the risk of obe-
sity, type 2 diabetes, hypertension, and all-cause mortality.11 They are also associated with a higher 
incidence of metabolic syndrome and its components.12 Results from a cohort of Mexicans showed 
that participants in the highest quintile of refined food consumption, which included soft drink 
consumption, had a 10% higher cardiovascular risk (CVR) over 10 years than those in the lowest 
quintile of consumption.13 A meta-analysis of prospective studies revealed that soft drink intake 
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ABSTRACT
BACKGROUND: Inadequate diet is considered a major risk factor for chronic noncommunicable diseas-
es and mortality. Among the ultra-processed foods, sweetened soft drinks are significant contributors to 
high-calorie diets and are associated with adverse health outcomes.
OBJECTIVE: To estimate the association between soft drink consumption and the risk of cardiovascular events.
DESIGN AND SETTING: A cross-sectional study was conducted using data of adults aged ≥ 18 years from 
the 2013 National Health Survey.
METHODS: The explanatory variable was the daily consumption of sugar-sweetened soft drinks. Cardio-
vascular risk (CVR) was calculated using the Framingham score. Multinomial logistic regression was used 
for the analyses. Two models were used: one adjusted for age and body mass index and the other for age 
and waist circumference. Both models were applied to the general population and stratified by race and 
educational attainment.
RESULTS: The study sample consisted of 8,391 participants. Individuals with sugary soda consumption ≥ 0.4 
cups/day were associated with a higher CVR, which escalated with increasing consumption of soft drinks.
CONCLUSION: CVR was observed across all consumption categories and difference in risk was based on 
the intake quantity.
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was associated with a dose-dependent increase in the risk of acute 
myocardial infarction and stroke.14

Previous analyses have been reported an association between 
soft drink consumption and CVR factors, such as hypertension and 
obesity, in the Brazilian population.12,15,16 However, to our knowl-
edge, no previous studies have analyzed the association between 
the consumption of these beverages and the risk of cardiovascu-
lar events in adults using a representative sample of the Brazilian 
population. This knowledge is essential for the strengthening 
prevention and health promotion measures, encouraging healthy 
eating patterns, and guiding public policies aimed at controlling 
soft drink consumption, with a focus on reducing future cardio-
vascular events in the Brazilian population.

OBJECTIVE
This study aimed to estimate the association between soft drink 
consumption and the risk of cardiovascular events. We conducted 
a national survey of a representative sample of the Brazilian pop-
ulation. Thus, we tested the hypothesis of an association between 
an increased consumption of sugar-sweetened beverages and an 
elevated cardiovascular disease risk.

METHODS

Design and study population
This cross-sectional study was based on data from the 2013 National 
Health Survey (NHS), with adults aged ≥ 18 years. Data from labo-
ratory tests collected in 2014 and 2015 were used and the two data-
bases were correlated. The survey refers to the first laboratory edition 
of the NHS conducted in 2014 and 2015, which is the only Brazilian 
survey to collect laboratory tests from a representative sample of the 
national population, resulting in greater accuracy of the estimates.17 

The methodology of the NHS sampling process and the sub-sample 
for laboratory data collection is detailed in previous studies.17-19

The exclusion criteria for this study were the same as those 
adopted for the construction of the CVR estimates proposed by 
D’Agostino et al. These criteria excluded individuals aged < 30 
years and > 74 years as well as individuals who reported being 
diagnosed with heart disease or stroke.20

After applying the exclusion criteria, we obtained a sample of 
8,391 individuals.

Laboratory data collection
The collection of biological material was performed at the homes 
of the participants after they received an explanation of the pro-
cedure and signed the consent form for collection.17 After blood 
collection, the samples were centrifuged and the resulting serum 
and plasma were stored in refrigerators at 4°C; the entire process 
was performed using calibrated equipment.21

The laboratory tests performed on the blood samples in 
this study included glycated hemoglobin, total cholesterol, 
and low- and high-density lipoprotein (LDL and HDL, respec-
tively) levels.

Study variables
The dependent variable, CVR at 10 years, was constructed 
according to the Framingham score criteria.20 The variables HDL, 
total cholesterol, treated-, and untreated- systolic blood pressure 
were considered, in numerical categories. Diabetes and smoking 
status were self-reported (yes/no). All the variables were adjusted 
for sex. Further details and cutoff points for each variable were 
specified as described by D’Agostino et al.20

The 10-year CVR categories were low CVR < 5%, medium 
CVR 5–20%, and high CVR ≥ 20%, based on the guidelines of 
the Brazilian Society of Cardiology.22

The explanatory variable in this study was the daily consump-
tion of a standard portion (1 cup) of sugary drinks based on the 
following question: “How many days a week do you usually drink 
soda (or artificial juice)? The responses were categorized as fol-
lows: < 0.1 cup/day, 0.1–0.39 cups/day, 0.4–0.99 cups/day, and 
≥ 1.0 cups/day.9

The sociodemographic variables used were sex (male, female), 
age (30–74 years), race/skin color grouped into either White or 
Other (black, yellow, brown, and indigenous), and educational 
level categorized as low (individuals without formal education to 
those who did not complete middle school) and high (individuals 
who completed middle school, did not complete high school, and 
completed high school).

Physical activity levels were recorded based on the following 
questions: “How many days a week do you usually practice physi-
cal exercises or sports?”; “In general, on the day you usually practice 
exercise or sports, how many hours does this activity last?”; and “In 
general, on the day you usually practice exercise or sports, how many 
minutes does this activity last?” Physical activity was defined as at 
least 150 min. of moderate activity per week or 75 min. of vigor-
ous activity per week, during leisure time.23

The variable smoking (non-smoker, ex-smoker, and smoker) 
was created from the following questions: “Do you currently smoke 
any tobacco products?” and “ In the past, have you smoked any 
tobacco products daily?”18,24

The variable alcohol consumption (no, light/moderate, and 
heavy drinking) was constructed based on the following questions: 
“How often do you usually consume alcoholic beverages?” and “In 
the past 30 days, have you consumed 5 or more drinks on a single 
occasion?23 Habitual drinking (drinking in the past 30 days, regard-
less of dose) and heavy drinking (drinking five or more drinks for 
men and four or more drinks for women on a single occasion in 
the past 30 days) were considered.18
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Regarding anthropometric variables, body mass index (BMI) 
was categorized as underweight (< 18.5 kg/m2), eutrophic (18.5–
25 kg/m2), overweight (25–30 kg/m2), and obese (≥ 30 kg/m2). 
Altered waist circumference (WC) constituted “no” (< 88 cm in 
women and < 102 cm in men) and “yes” (≥ 88 cm in women and 
≥ 102 cm in men).24

Hypertension was defined with a systolic blood pressure 
≥ 140 mmHg or a diastolic blood pressure ≥ 90 mmHg or use of 
antihypertensive medications,25,26 obtained in response to the ques-
tion, “In the past two weeks, have you taken medication for hyper-
tension (high blood pressure)?”23 In all, three measurements were 
obtained at 2-min intervals; subsequently, the mean of the three 
readings was recorded as the definitive value for data analysis.21

Finally, laboratory variables included altered HDL cholesterol 
(≤ 40 mg/dL in men and ≤ 50 mg/dL in women, altered total cho-
lesterol (≥ 200 mg/dL), altered LDL cholesterol (≥ 130 mg/dL),24 
and the diagnosis of diabetes when individuals presented HbA1c 
levels ≥ 6.5%.27,28

Data analysis
Initially, descriptive analysis was performed using the relative 
frequency of the data and the chi-square test for comparison of 
proportions according to sociodemographic variables, lifestyle 
and anthropometric and laboratory measurements.

Next, multivariate regression was performed using multi-
nomial logistic regression to verify the association between the 
explanatory variables and the 10-year CVR variables in the three 
categories (low, medium, and high CVR). The association between 
sugar-sweetened beverage consumption and CVR was estimated 
using odds ratios (OR) and 95% confidence interval (95%CI). 
The reference category of the exposure variable used for compar-
ison between analyses was soft drink consumption < 0.1 cup/day.

Two models were used: one adjusted for age and BMI, and the 
other for age and WC. The adjustment variables were selected based 
on the literature,11,29-32 specifically BMI and WC, because the other 
variables suggested in the literature were already part of the pro-
posed CVR score. The models were run for the general population 
and stratified by skin color/race (White and Other) and education 
(low/high) owing to differences in racial admixture and socioeco-
nomic factors presented in the study population that differed from 
the population originally used for the Framingham score.

Data analyses were performed using the Stata 14.0 software 
(Stata Corp., College Station, Texas, United States) in the survey 
module, which included complex sample structure data for pop-
ulation estimates.

Ethical aspects
The NHS was approved by the National Research Ethics 
Committee of the Brazilian Ministry of Health in July 2013. 

Participation in the research was voluntary and information con-
fidentiality was guaranteed. The research participants signed an 
informed consent form and authorized the collection of labora-
tory test results.17,18,21

RESULTS
Table  1 presents the distribution of clinical and sociodemo-
graphic profile variables according to soft drink consumption 
categories. The category with the highest consumption consisted 
predominantly of men (52.99%), individuals aged 30–39 years 
(40.11%), those with low educational levels (51.80%), and con-
sumers of nonalcoholic beverage (70.83%). Additionally, in the 
high consumption category, there was a higher prevalence of 
nonsmokers (64.21%), individuals with normal weight (43.74%), 
normal WC (65.23%), normal lipid profile (total cholesterol, 
71.43%; LDL, 84.16%), nondiabetics (94.00%), non-hypertensive 
individuals, and those with low CVR (65.39%).

Figure 1 shows the OR estimates for medium/high CVR. Soft 
drink consumption between 0.4–0.99 servings/day was associ-
ated with higher odds of high cardiovascular risk (CVR) scores in 
both the model adjusted for BMI (OR = 1.78; 95%CI = 1.27–2.50) 
and the model adjusted for WC (OR = 1.66; 95%CI = 1.18–2.34). 
Consumption of ≥ 1.0 serving/day was associated with higher 
odds of both medium (OR = 1.41; 95%CI = 1.07–1.86) and high 
CVR scores (OR = 1.97; 95%CI = 1.39–2.80) in the BMI-adjusted 
model. In the WC-adjusted model, this level of consumption was 
associated only with higher odds of high CVR scores (OR = 1.76; 
95%CI = 1.23–2.52).

Table 2 presents the models stratified by skin color, race, and 
education. Overall, the significant association between soft drink 
consumption and CVR scores remained consistent in the ‘Other’ 
race/skin color category, as well as in both high- and low-edu-
cation strata. These models were adjusted for age BMI and WC.

Figure 2 presents the conditional probabilities of low, medium, 
and high CVR scores according to the level of consumption of soft 
drink servings. As consumption increased, the probability of a 
low CVR score decreased, while the probability of a high CVR 
score increased.

DISCUSSION
Our data showed that consumption of sugar-sweetened soft 
drinks may increase the CVR scores in 10 years, with variations 
according to the quantity consumed, adjusted by age and anthro-
pometric measures (BMI and WC), which are measures of adi-
posity highly associated with metabolic outcomes and chronic 
inflammation.29 The analyses also showed significance when 
stratified by race/color and educational level. The results pre-
sented here indicate that the daily consumption of one or more 
standard servings of soft drinks per day was independently and 
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Table 1. Prevalences of the population by clinical and sociodemographic characteristics of the Brazilian adults in relation to consumption 
of sweetened soft drinks. National Health Survey, 2013.

Variables 
Soft drink consumption (cups/day)

P < 0.1 0.1–0.39 0.4–0.99 ≥ 1.0 
% (95% CI) % (95%CI) % (95%CI) % (95%CI)

Sex
Male 38.44 (36.03–40.91) 43.52 (40.77–46.31) 58.56 (55.45–61.59) 52.99 (49.88–56.09)

< 0.001
Female 61.56 (59.09–63.97) 56.48 (53.69–59.23) 41.44 (38.41–44.55) 47.01 (43.91–50.12)

Age (years)
30–39 19.11 (17.04–21.37) 29.10 (26.03–32.06) 35.43 (31.94–39.07) 40.11 (36.45–43.89)

< 0.001
40–49 26.27 (23–87–28.82) 26.86 (24.23–29.65) 28.32 (25.15–31.73) 29.12 (25.86–32.60)
50–59 26.18 (23.87–28.63) 23.78(21.31–26.44) 23.27 (20.14–26.72) 19.81 (17.00–22.96)
60–74 28.44 (26.16–30.83) 20.26 (17.98–22.75) 12.98 (10.82–15.50) 10.96 (9.03–13.23)

Color
White 50.42 (47.96–52.88) 47.19 (44.43–49.98) 45.72 (42.44–49.03) 48.55 (45.41–51.70)

0.2709
Black 8.40 (07.15–09.85) 9.50 (8.01–11.23) 10.57 (08.69–12.80) 9.26 (7.52–11.35)
Yellow 0.98 (0.510–1.88) 0.38 (0.21–0.69) 0.66 (0.39–01.12) 0.49 (0.23–1.01)
Brown 39.89 (37.59–42.24) 42.58 (39.94–45.27) 42.78 (39.68–45.93) 41.38 (38.41–44.41)
Indigenous 0.30 (0.17–0.54) 0.34 (0.15–0.79) 0.27 (0.13–0.56) 0.33 (0.18–0.61)

Level of education 
Low 60.34 (57.82–62.82) 54.27 (51.47–57.04) 48.93 (45.70–52.17) 51.80 (48.66–54.93)

< 0.001
High 39.66 (37.18–42.18) 45.73 (42.96–48.53) 51.07 (47.83–54.30) 48.20 (45.07–51.34)

Physical activity 
Yes 21.14 (19.12–23.32) 22.03 (19.80–24.43) 22.94 (20.15–26.00) 21.83 (19.26–24.65)

0.7973
No 78.86 (76.68–80.88) 77.97 (75.57–80.20) 77.06 (74.00–79.85) 78.17 (75.35–80.74)

Consumption of alcoholic beverages 
Non-drinker 80.40 (78.31–82.34) 79.36 (76.90–81.61) 68.12 (64.88–71.20) 70.83 (67.87–73.63)

< 0.001Light/Moderate 14.49 (12.76–16.41) 16.91 (14.82–19.23) 23.93 (21.13–26.97) 19.24 (16.89–21.83)
Abusive 5.10 (4.15–6.26) 3.74 (2.80-4.98) 7.95 (6.25–10.06) 9.93 (8.12–12.08)

Smoking
Non-smoker 65.15 (62.81–67.42) 70.12 (67.54–72.57) 70.13 (67.09–73.01) 64.21 (61.15–67.16)

0.0005Ex-smoker 19.58 (17.77–21.51) 17.93 (15.94–20.10) 15.45 (13.40–17.74) 17.93 (15.77–20.31)
Smoker 15.27 (13.60–17.11) 11.96 (10.25–13.90) 14.42 (12.16–17.02) 17.86 (15.48–20.53)

BMI
Low weight 2.60 (1.94–3.49) 2.31 (1.59–3.32) 1.74 (1.08–2.80) 3.40 (2.27–5.06)

0.0041
Eutrophic 36.65 (34.29–39.08) 38.44 (35.75–41.19) 42.21 (38.99–45.49) 43.74 (40.65–46.89)
Overweight 36.60 (34.28–38.99) 37.22 (34.63–39.88) 35.42 (32.42–38.55) 32.63 (29.83–35.57)
Obesity 24.14 (22.09–26.32) 22.04 (19.85–24.39) 20.63 (18.17–23.33) 20.22 (17.82–22.86)

Altered waist circumference
Yes 46.45 (44.01–48.90) 41.28 (38.62–43.99) 32.77 (29.91–35.76) 34.77 (31.90–37.75)

< 0.001
No 53.55 (51.10–55.99) 58.72 (56.01–61.38) 67.23 (64.24–70.09) 65.23 (62.25–68.10)

Altered HDL cholesterol
Yes 54.10 (51.63–56.55) 51.55 (48.78–54.31) 50.28 (47.02–53.53) 54.35 (51.20–57.47)

0.1600
No 45.90 (43.45–48.37) 48.45 (45.69–51.22) 49.72 (46.47–52.98) 45.65 (42.53–48.80)

Altered total cholesterol
Yes 36.95 (34.62–39.33) 33.50 (31.02–36.07) 30.94 (28.11–33.92) 28.57 (25.91–31.38)

< 0.001
No 63.05 (60.67–65.38) 66.50 (63.93–68.98) 69.06 (66.08–71.89) 71.43 (68.62–74.09)

Altered LDL cholesterol
Yes 21.50 (19.57–23.57) 18.47 (16.65–20.56) 17.39 (15.20–19.83) 15.84 (13.80–18.12)

0.0013
No 78.50 (76.43–80.43) 81.53 (79.44–83.45) 82.61 (80.17–84.80) 84.16 (81.88–86.20)

Diabetes (HbA1c > 6.5 or  medication)
Yes 12.62 (11.13–14.27) 8.41 (7.06–9.98) 6.44 (5.11–8.09) 6.00 (4.75–7.56)

< 0.001
No 87.38 (85.73–88.87) 91.59 (90.02–92.94) 93.56 (91.91–94.89) 94.00 (92.44–95.25)

Hypertension
Yes 28.35 (26.16–30.64) 24.80 (22.49–27.25) 19.96 (17.61–22.55) 21.80 (19.28–24.54)

< 0.001
No 71.65 (69.36–73.84) 75.20 (72.75–77.51) 80.04 (77.45–82.39) 78.20 (75.46–80.72)

Cardiovascular risk
Low 39.68 (37.25–42.17) 52.47 (49.72–55.20) 61.60 (58.47–64.65) 65.39 (62.42–68.24)

< 0.001Medium 37.09 (34.76–39.47) 31.53 (29.08–34.09) 25.64 (22.99–28.49) 24.51 (21.94–27.27)
High 23.23 (21.30–25.28) 15.99 (14.17–18.00) 12.75 (10.87–14.90) 10.10 (8.55–11.90)

*Pearson’s chi-square test; CI = confidence interval; BMI = body mass index; HDL = high-density lipoprotein; LDL = low-density lipoprotein.
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significantly associated with a greater probability of increased 
CVR scores. Similar results were observed in the subgroup anal-
yses stratified by race/color and anthropometric measures.

The database used in this study was a representative subset of the 
Brazilian population, which mitigated the selection bias. The NHS 

was conducted between 2013 and 2014. Biological materials were 
collected from a subsample in 2014–2015 to perform laboratory 
tests on blood and urine samples. A survey in the Brazilian pop-
ulation with clinical data and biological fluid tests has never been 
conducted previously, which justifies its use despite being conducted 

Table 2. Odds ratio and 95% confidence interval (95% CI) for medium/high 10-year risk score according to consumption of sweetened 
soft drinks in the adult Brazilian population stratified by race and education. National Health Survey, 2013.

Medium risk High risk 
OR (95%CI)* P* OR (95%CI)** P** OR (95%CI)* P* OR (95%CI)** P**

Soft drink consumption (cups/day) 
White

< 0.1 Ref. Ref. Ref. Ref.
0.1–0.39 1.04 (0.71–1.51) 0.843 0.99 (0.68-1.46) 0.982 0.99 (0.61–1.58) 0.955 0.89 (0.55–1.45) 0.651
0.4–0.99 1.16 (0.77–1.75) 0.467 1.07 (0.70-1.62) 0.760 1.67 (1.01–2.74) 0.044 1.48 (0.88–2.47) 0.136
≥ 1.0 1.25 (0.82–1.91) 0.296 1.13 (0.74-1.72) 0.573 1.64 (0.97–2.78) 0.065 1.42 (0.82–2.45) 0.205

Other
< 0.1 Ref. Ref. Ref. Ref.
0.1–0.39 0.97 (0.71–1.33) 0.861 0.97 (0.71-1.33) 0.857 1.21 (0.80–1.81) 0.365 1.19 (0.78–1.78) 0.016
0.4–0.99 1.26 (0.90–1.76) 0.179 1.22 (0.86–1.71) 0.259 1.83 (1.16–2.89) 0.009 1.76 (1.11–2.79) 0.016
≥ 1.0 1.60 (1.13–2.26) 0.018 1.52 (1.07–2.14) 0.018 2.45 (1.55–3.87) <0.0001 2.24 (1.41–3.57) 0.001

Low educational level
< 0.1 Ref. Ref. Ref. Ref.
0.1–0.39 0.89 (0.65–1.22) 0.468 0.89 (0.65–1.22) 0.466 0.94 (0.65–1.37) 0.766 0.92 (0.63–1.33) 0.646
0.4–0.99 1.05 (0.74–1.49) 0.761 1.01 (0.71–1.44) 0.955 1.44 (0.95–2.18) 0.083 1.35 (0.88–2.05) 0.164
≥ 1.0 1.16 (0.80–1.67) 0.428 1.11 (0.77–1.60) 0.576 1.83 (1.19–2.83) 0.006 1.71 (1.10–2.65) 0.016

High educational level
< 0.1 Ref. Ref. Ref. Ref.
0.1–0.39 1.21 (0.79–1.83) 0.373 1.15 (0.70–1.75) 0.528 1.36 (0.73–2.50) 0.330 1.27 (0.68–2.37) 0.446
0.4–0.99 1.61 (1.07–2.42) 0.022 1.53 (1.00–2.32) 0.046 2.72 (1.48–5.00) 0.001 2.61 (1.38–4.94) 0.003
≥ 1.0 1.80 (1.19–2.73) 0.005 1.63 (1.08–2.48) 0.0021 1.98 (1.04–3.79) 0.038 1.70 (0.86–3.36) 0.127

*Age-adjusted model of body mass index.
**Age adjusted model waist circumference.
OR = odds ratio; CI = confidence interval.

*Model 1 adjusted for age and body mass index; Model 2 adjusted for age and waist circumference. OR = odds ratio; CI = confidence interval.

Figure 1. Odds ratio and 95% confidence interval for medium/high cardiovascular risk according to the consumption of daily servings of 
sweetened soft drinks in the Brazilian population. National Health Survey, 2013. 
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in 2014. Thus, the estimate of CVR score in this study is consid-
ered representative of the Brazilian population.17 CVR estimates 
in other national studies were from restricted samples of clinical 
trials and specific populations.33,34 Measurement of CVR score has 
been used secularly in several previous and recent studies, which 
have demonstrated its validity.20,21,35

In this study, soft drink consumption was measured through 
direct interviews. Participants were questioned about their usual 
consumption of sweetened soft drinks. Food consumption surveys 
are always susceptible to measurement bias, particularly memory 
bias. However, in most similar studies, the consumption of sweet-
ened beverages was measured using questionnaires on the frequency 
of usual consumption, dietary history, or 24-hour recall. Beverage 
consumption levels were categorized by percentile distribution in 
standard serving units, using the no-consumption category as a 
reference. In this study, we adopted the methodology of a similar 
study on standard serving units.16

Most studies in the literature are from cross-sectional, longi-
tudinal, and meta-analysis studies, adding up to approximately 

310,000 participants predominantly in White or Black populations 
in the United States, Finland, and China.29 Based on these stud-
ies, consumers who are in the highest quartile had a 20% and 26% 
excess risk of metabolic syndrome and diabetes, respectively, when 
compared to the lowest quartile of soft drink consumption.29 In a 
cross-sectional study not representative of the Brazilian population, 
the association between high consumption of soft drinks and the 
probability of metabolic syndrome was 95%.16 In a recent cohort 
study with a sample of 12,048 adults, consumption of 5–20 g/day 
of sugar (in this study a standard serving contains approximately 
18.5 g of sugar) was associated with a risk of metabolic syndrome, 
particularly in women.36

Two longitudinal studies have shown an increased risk of cor-
onary heart disease with the consumption of soft drinks. In the 
cohort of 51,529 male health professionals aged 40–75 years, 
participants with consumption in the highest quartile compared 
with those in the lowest quartile had a 20% increased risk of cor-
onary heart disease; these results were adjusted for appropriate 
confounding factors.31 Similarly, in another study, women from 
the Nurse’s Health Study showed a dose-response relationship 
between soft drink consumption and coronary heart disease; a 
median consumption of 1.2–2 standard servings/day, increased 
the risk of coronary heart disease by 23–25%, respectively.32 
In the present study 27% and 21% of male and female partici-
pants, respectively, consumed ≥ 1 standard servings/day. Other 
studies have also suggested that high consumption of soft drinks 
is associated with weight gain, increased fat mass, hypertension, 
and a risky lipid profile,11,29,37 which in turn are also associated 
with increased CVR.

Typically, carbonated beverages in Brazil are sweetened with 
sucrose, a carbohydrate composed of glucose and fructose, causing 
high glycemic load that can potentiate the risk of metabolic dis-
eases and increase the risk of metabolic deterioration.9 This meta-
bolic impairment has been widely studied and associated with the 
development of cardiovascular involvement and type 2 diabetes.38

The present study has some limitations. These designs consid-
ered the possibility of reverse causality, which could contradict the 
association between soft drink consumption and CVR. Additionally, 
insulin resistance indicators can be considered mediators of high 
sugar consumption and CVR. However, the magnitude of the asso-
ciation did not change when participants with glycated hemoglobin 
levels ≥ 6.5 or those receiving oral hypoglycemic agents or insulin 
were excluded. Another limitation is that national surveys are not 
designed to test specific hypotheses of association and are therefore 
susceptible to residual confounding. However, the greatest meth-
odological advantage of this study lies in its ability to estimate the 
10-year CVR scores representative of the Brazilian population— a 
population parameter rarely obtained by health surveys—which 
indicates the novel character of the results.

*CVR = cardiovascular risk

Figure 2. Conditional probability of low, medium, and high 
cardiovascular risk scores according to soft drink consumption levels, 
adjusted for body mass index and age. National Health Survey, 2013.
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The results of this study suggest associative relationships, 
and not necessarily causal relationships, which are limited by the 
cross-sectional design of this investigation. However, the abundant 
literature in this area suggests a significant role of sugar consump-
tion through beverages with added sugar, which may be a major 
source of calorie intake in the Brazilian population, with the aggra-
vating factor of altering metabolic homeostasis. Thus, the findings 
of this study may help support public policies that aim to reduce 
the consumption of high-calorie processed foods.

CONCLUSION
In this study, the association between soft drink consumption 
and 10-year CVR scores was shown to be independent of age and 
adiposity measures such as BMI and WC. Future studies using 
more robust methodologies, such as longitudinal studies and 
larger population samples, are required to better understand the 
underlying mechanisms, strengthen the scientific evidence, and 
inform effective public health policies.
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