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Abstract This study investigated the association between consumption of sugar-sweetened
beverages and anthropometric and biochemical
variables in a cross-sectional study conducted
with secondary data from the first visit of the
randomized clinical trial of the Brazilian Cardioprotective Nutritional Program (BALANCE
Program) (2013-2014). Weight, height, waist circumference, lipid profile and fasting glycemia and
a 24-hour diet recall were collected. Differences
between consumption and non-consumption of
sugar-sweetened beverages were evaluated by Student’s t-test. The Chi-square test was employed to
analyze the association between consumption and
non-consumption of sugar-sweetened beverages
and biochemical and anthropometric factors. The
sample consisted of 2,172 individuals, mostly men
(58.5%), elderly (63.6%), C-rated economic class
(57.3%), and overweight (62.7%). A statistically
significant difference was found between the consumption of sugar-sweetened beverages and higher BMI values (p=0.029), waist circumference
(p=0.004) and triglycerides (p=0.023). These results emphasize the need for nutritional intervention regarding the consumption of sugar-sweetened beverages as part of the dietary treatment of
this population.
Key words Cardiovascular diseases, Body mass
index, Waist circumference
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Introduction
Data published by the World Health Organization (WHO) show that cardiovascular diseases (CVD) are the leading cause of death in the
world1. Identifying and treating modifiable risk
factors such as inadequate diet is crucial in preventing mortality from these pathologies1,2.
Scientific evidence on high sugar consumption in the form of sugar-sweetened beverages,
such as soft drinks, juices and processed teas, has
been associated with a calorie-rich, unhealthy
diet, favoring the occurrence of overweight, high
triglyceride (TG) levels, low-density lipoprotein
(LDL), hyperglycemia, systemic arterial hypertension (SAH), increased diastolic blood pressure
(DBP), visceral adiposity, insulin resistance (IR),
metabolic syndrome and CVD3-9. For a healthy
and balanced diet, the consumption of free sugars
should not exceed 10% of the daily caloric value2.
According to the latest National Survey of
Household Budgets, conducted by the Brazilian Institute of Geography and Statistics (IBGE)
in 2008/2009, approximately 20% of Brazilians
consume soft drinks and almost 40% processed
juices, which is of concern, because they provide many calories and no specific nutrient10. In
a recent publication by the Ministry of Health,
the percentage of Brazilians who consume sugar-sweetened drinks regularly is around 16% and
over half of the population is overweight11.
The analysis of the intake of sugar-sweetened
beverages in heart disease patients is relevant
since studies have found a positive association between sugar consumption and an increased risk
of CVD mortality6,7,9. Given the above, this study
aimed to investigate the association between the
consumption of sugar-sweetened beverages and
anthropometric and biochemical variables in patients with manifest atherosclerosis, participating
in the Brazilian Cardioprotective Diet (DICA BR)
Project.

Methods
This is a cross-sectional study based on the Brazilian Cardioprotective Diet (DICA BR) project, a
randomized, multicenter national trial conducted
by the Heart Hospital (HCor) in partnership with
the Unified Health System (SUS) (PROADI-SUS)
of the Ministry of Health, which aims to reduce
risk factors and cardiovascular events as a secondary prevention of these pathologies12,13. Secondary data collected at the first visit of all study

participants in the 2013-2014 period were used
in this study. The Research Ethics Committee of
the Heart Hospital of São Paulo (SP) approved
the research and all patients signed the Informed
Consent Form (ICF) before inclusion.
The inclusion criteria of the DICA BR project
were: age 45 years or older with evidence of manifest atherosclerosis (coronary artery disease, cerebrovascular disease or peripheral arterial disease)
in the last ten years. Individuals with any of the
following characteristics were excluded: psychiatric or neurocognitive condition that hindered the
collection of reliable clinical data; life expectancy of less than six months; pregnancy or breastfeeding; hepatic failure with previous history of
encephalopathy or anasarca; renal failure with
indication of dialysis; congestive heart failure;
previous organ transplantation; gastroplasty; be
wheelchair-bound or who have difficulty feeding
themselves orally.
The data obtained for this study were gender, age, weight, height, body mass index, waist
circumference, schooling, socioeconomic data,
physical activity, use of medications (antithrombotics, antihypertensives, antilipidemics and hypoglycemic agents), lipid and glycemic profile,
besides the intake of sugar-sweetened drinks.
Body weight (kilograms) was obtained with a
mechanical or digital platform scale (as per availability of each center) with a minimum precision
of 100g, with suggested Filizola® PL200 and Plenna® brands. Height (meters) was measured using
an anthropometric stadiometer coupled with
a fixed, handheld tape-like stadiometer, with a
precision of 0.50cm. The BMI was calculated by
dividing the weight (kg) by height squared (m2).
Then, the nutritional status of the sample was
classified according to WHO recommendations
for adults (underweight, BMI < 18.49 kg/m², eutrophy, BMI 18.50-24.99 kg/m², overweight, BMI
≥ 25.00 kg/m²)14. The criteria for the classification of the nutritional status of the Pan American Health Organization (underweight, BMI
< 23 kg/m², eutrophy, BMI 23.00-27.99 kg/m²,
overweight, BMI ≥ 28.00 kg/m²)15 were used for
elderly patients (aged 60 years or over).
Waist circumference (WC) was measured
with an inelastic and flexible resistant tape with a
precision of 0.1cm, at the midpoint between the
lower border of the costal arch and the iliac crest,
and classified according to WHO (2008), at risk
of increased metabolic complications when WC
≥ 94cm for men and WC ≥ 80cm in women; substantially increasing risk WC ≥ 102cm for men
and WC ≥ 88cm for women16.
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Results
The DICA BR study included 2,468 patients in
the study. However, in this study, 296 were excluded because they had incomplete data regarding non-completion of the R24H and no
biochemical or anthropometric data, leaving out
2,172 patients. The sample had a mean age of
63.1 ± 8.9 years, a BMI of 29.0 ± 5.0 kg/m², and
WC was 101.0 ± 11.4cm for men and 97.8 ± 13,
4cm for women.
Table 1 shows the characteristics of the sample, according to the consumption or non-consumption of sugar-sweetened drinks. Most were
men (58.5%), elderly (63.6%), “C” economic level (57.3%), studied until primary school (45.8%),
were overweight (62.7%), sedentary (65.8%)
and used antithrombotics, antihypertensives
and antilipidemics. Significant differences were
observed between gender (p = 0.029), economic level (p = 0.001), schooling (p = 0.004) and
nutritional status (p = 0.014) among individuals
consuming sugar-sweetened drinks.
Of the 2,172 patients in the study, only 28.3%,
that is, 383 men and 233 women consumed sugar-sweetened drinks. The mean consumption
among those who ingested these beverages was
360.3±268.0ml/day for men and 273.4±198.5ml/
day for women.
The sweetened beverages consumed by men
were soft drinks (51.7%), artificial powder juice
(30.0%), ready-to-drink artificial juice (17.8%)
and tea (0.5%). Women consumed soft drinks
(43.4%), artificial powder juice (29.6%), readyto-drink artificial juice (26.6%) and tea (0.4%).
Regarding the association between the consumption of sugar-sweetened drinks and anthropometric and biochemical variables, the results showed a statistically significant difference
between the intake of sugar-sweetened drinks
and higher values of BMI (p = 0.029), WC (p =
0.004) and TG (p = 0.023). No significant differences were observed for TC (p = 0.137), LDL (p
= 0.277), HDL (p = 0.132) and fasting glycaemia
(p = 0.147) between consumption and non-consumption of these beverages (Table 2).

Discussion
This study evaluated the association between
the consumption of sugar-sweetened drinks and
BMI, WC, lipid and glycemic profile. It is known
that sugar-sweetened drinks contain high caloric
concentration, favoring weight gain and their in-
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Schooling was classified as illiterate (no
formal education), self-reported complete or
incomplete primary school, complete or incomplete secondary school, and complete or incomplete higher education. The socioeconomic
profile was classified as proposed by the Brazilian Association of Research Companies (ABEP)
in five classes, ranging from higher purchasing
power (A) to lower purchasing power (E)17.
Concerning physical activity, the criteria
provided by the National Academy of Sciences
(NAS) of the Institute of Medicine (IOM), called
Dietary Recommended Intakes (DRIs) were used
to classify the activity level into four categories:
sedentary, mild activity, moderate activity and
intense activity18.
The values of total cholesterol (TC),
high-density lipoprotein (HDL), low- density lipoprotein (LDL) and triglycerides were analyzed
for lipid profile evaluation. The glycemic profile
was evaluated by fasting glycemia. All patients
were instructed to perform a minimum 12-hour
and a maximum 14-hour fasting, to avoid the
consumption of alcoholic beverages in the last 72
hours and not to perform physical effort before
collection.
The consumption of sugar-sweetened drinks
was evaluated by the 24-hour recall (R24H), applied by previously trained nutritionists, based
on the day before the visit. Sugar-sweetened
drinks referred to soft drinks, ready-to-drink,
powder-diluted or processed juices and teas. Information collection was supported by a photographic album with food and their respective
home-based measurements19. Reminders were
entered and analyzed in Nutriquanti®20 diet analysis software.
The data were entered in Excel and the statistical analyses were performed in the GraphPad®
Prism 5 program. Data normality was verified
by the Kolmogorov-Smirnov test. Continuous
numerical variables were expressed as means ±
standard deviation, and categorical variables
in absolute number and relative frequency. The
differences between consumption and non-consumption of sugar-sweetened drinks were evaluated through the Student’s t-test. The chi-square
test was used to analyze the association between
consumption and non-consumption of sugar-sweetened drinks and biochemical and anthropometric factors. The significance level used
was 5%.
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Table 1. Characterization of the sample of patients with manifest atherosclerosis participating in the DICA BR at
the initial visit, 2017, Brazil (n = 2,172).
Variables
Gender
Men
Women
Age
Adults (<60 years)
Elderly (≥ 60 years)
Economic class1, n=1,889
A/B
C
D/E
Schooling, n=1,892
Illiterate
Primary school
Secondary school
Higher education
Nutritional status*
Underweight
Eutrophy
Overweight
Physical activity2, n=2,137
Sedentary
Active
Medication Antithrombotics
Yes
No
Antihypertensives
Yes
No
Antilipidemics
Yes
No
Antidiabetics
Yes
No

n (%)

Sugar-sweetened beverages
n (%)
Yes
No

*p

1,271 (58.5)
901 (41.5)

383 (17.6)
233 (10.7)

888 (40.9)
668 (30.8)

0.029*

790 (36.4)
1,382 (63.6)

232 (37.7)
384 (62.3)

558 (35.9)
998 (64.1)

0.432

555 (29.4)
1,083 (57.3)
251 (13.3)

187 (34.9)
292 (54.6)
56 (10.5)

368 (27.2)
791 (58.4)
195 (14.4)

0.001*

535 (28.3)
866 (45.8)
342 (18.0)
149 (7.9)

123 (22.9)
262 (48.9)
98 (18.3)
53 (9.9)

412 (30.4)
604 (44.5)
244 (18.0)
96 (7.1)

0.004*

134 (6.2)
676 (31.1)
1,362 (62.7)

30 (4.9)
171 (27.7)
415 (67.4)

104 (6.7)
505 (32.4)
947 (60.9)

0.014*

1,406 (65.8)
731 (34.2)

403 (66.0)
208 (34.0)

1003 (65.7)
523 (34.3)

0.919

1,971 (90.7)
201 (9.3)

558 (90.6)
58 (9.4)

1,413 (90.8)
143 (9.2)

0.870

2,071 (95.3)
101 (4.7)

587 (95.3)
29 (4.7)

1,484 (95.4)
72 (4.6)

0.936

1,873 (86.2)
299 (13.8)

544 (88.3)
72 (11.7)

1,329 (85.4)
227 (14.6)

0.077

882 (40.6)
1,290 (59.4)

249 (40.4)
367 (59.6)

633 (40.7)
923 (59.3)

0.912

* Chi-square test p < 0.05. 1 WHO Criteria, 1995 for adults and PAHO, 2002 for the elderly; 2 As proposed by the National
Academy of Sciences (NAS), Institute of Medicine (IOM), 2002.

take in liquid form favors the quick absorption of
these calories without providing satiety3,5.
As observed in a previous study21, the higher the schooling the lower the consumption of
sugar-sweetened drinks, evidencing the role of
education in the choice of healthy eating and
eating behavior. The results found regarding the
association of sugar-sweetened drinks consumption and nutritional status in this study corroborate the previous findings22-25, which suggested
that frequent consumption of sugar-sweetened
drinks has been related to the increased risk of
weight gain and obesity due to the large quanti-

ty of added sugar, which, when consumed in the
liquid form, causes less satiety. This study identified a lower consumption of sugar-sweetened
beverages among women, which may be justified
by their greater concern about health and the
adoption of healthy eating habits.
Sugar-sweetened beverages increase the CVD
risk factors not only because of weight gain, but
also because of the effect of sugar added in these
beverages on the metabolism of insulin resistance
(IR) and inflammation3. The high consumption
of these sugar-rich beverages has been associated
with increased appetite due to the occurrence of
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Variables
BMI**
Waist circumference
Total Cholesterol
LDL***
HDL****
Triglycerides
Fasting glycaemia

Consumers (> 0 g/d)
Mean
SD
29.3
4.9
100.8
11.9
171.1
43.6
96.0
37.4
42.5
11.7
168.6
116.4
119.1
49.3

Non-consumers
Mean
SD
28.9
4.9
99.2
12.5
168.9
44.9
94.9
38.9
43.3
12.7
153.5
80.2
116.6
46.3

p*
0.029*
0.004*
0.137
0.277
0.132
0.023*
0.147

* Student’s t-test p < 0.05; ** BMI: Body Mass Index; ***LDL: Low-Density Lipoproteins; **** HDL: High-Density Lipoproteins;
SD: Standard Deviation.

glucose and blood pressure peaks, and this postprandial insulin response may lead to insulin
resistance26. Furthermore, it can promote the hepatic lipogenesis again, increase the levels of very
low-density lipoprotein (VLDL), TG, favoring
overweight and visceral adiposity3,6. These metabolic changes contribute to the atherosclerosis
process, which is the pathophysiological basis for
most CVDs3.
Overweight in the Brazilian population has
increased over the last decade, from 42.6% in
2006 to 53.8% in 201611. This is a very worrying
fact given the overweight risk on the entire population concerning CVD27. In this study, more
than 60% of the patients were overweight and
those who consumed sugar-sweetened beverages
showed significantly higher BMI when compared
to those who did not consume (p = 0.029). These
results corroborate the findings of Larsson et al.22,
in a study that used data from two Swedish cohorts with 68,459 men and women with no history of CVD, diabetes and cancer, and found that
those individuals who consumed sugar-sweetened drinks were significantly more overweight22.
Regarding WC, the data showed high values
in this measure in both genders and a significant association between the consumption of
sugar-sweetened drinks and fat accumulation in
the abdominal region (p = 0.004). Duffey et al.23
analyzed data from 2,774 healthy adults participating in a cohort study in the U.S. that aimed
to evaluate the consumption of fruit juice and
sugar-sweetened drinks and its association with
cardiometabolic risk factors, and showed that patients with higher consumption of sugar-sweetened beverages had significantly higher WC23,
which reinforces the results found in this study.

Regarding the lipid profile, patients who consumed sugar-sweetened beverages had significantly higher values of triglycerides (p = 0.023),
but no association was found with total cholesterol, LDL and HDL. It is important to emphasize that the patients evaluated were under drug
treatment, and most (86.2%) used antilipidemics,
which may have masked the results of this study.
An intervention study that sought to investigate
the dose-response effect of sugar-sweetened
beverage consumption providing 10%, 17.5%
or 25% of the energy requirement during two
weeks, under the change in the lipid profile of 85
healthy adults, evidenced increased postprandial triglyceride concentrations and also in fasting
LDL in the three doses when compared with 0%6.
Similarly, Ferreira-Pêgo et al.24 evaluated the consumption of sugar-sweetened beverages in 1,868
participants in the Mediterranean Diet Prevention (PREDIMED) study of individuals with high
cardiovascular risk, and showed that those who
consumed sugar-sweetened beverages had higher
values of triglycerides at the onset of the study24.
No significant differences were found for fasting glycemia and consumption of sugar-sweetened beverages, a result that may have been influenced by the treatment received by the patients,
in which 40% were using oral hypoglycemics or
insulin. A cross-sectional analysis of 2,596 adults
with data from two cohorts who sought to identify CVD risk factors (Framingham Heart Study
Offspring and Third Generation) also found no
significant differences for fasting glycemia and
consumption of sugar-sweetened drinks25.
Some limitations of the study are worth considering, such as cross-sectional analysis, which
does not provide evidence on the causality of the
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Table 2. Comparison of anthropometric, biochemical and dietary variables in the initial visit of the patients of
DICA BR consumers and non-consumers of sugar-sweetened beverages, Brazil, 2017 (n = 2,172).
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effect of sugary drinks consumption. Also, the
use of R24H to assess dietary intake, even when
applied by trained researchers, carries the bias inherent to the method, which may underestimate
the actual portions and fail to estimate the usual
diet of the patients.
The absence of some of the proposed associations, such as the association between the
biochemical variables and the consumption of
sugar-sweetened drinks, can be attributed to the
fact that the sample consists of individuals un-
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manuscript. A Longo and FV Dobke participated in data collection in Pelotas, data analysis and
interpretation. EG Bertoldi, LR Borges and RT
Abib participated in the coordination of data
collection in Pelotas and critical review of the
manuscript. B Weber is the lead researcher and
participated in the design and overall coordination of the study and critical review of the manuscript. All authors participated in the drafting
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dergoing drug treatment and may be considered
an additional limitation. However, because it is a
population of patients with manifest atherosclerotic disease, the use of drugs for secondary prevention is an indispensable part of the treatment.
The consumption of sugar-sweetened beverages was associated with higher BMI, WC and triglyceride values in Brazilian patients with manifest atherosclerosis. These results reinforce the
need for nutritional intervention regarding the
consumption of sugar-sweetened drinks as part
of the dietary treatment of this population.
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