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Abstract: Excessive sugar intake represents an increased risk of developing non-communicable
diseases (e.g., obesity, cardiometabolic diseases, and dental diseases). Still, it is unclear whether
people are aware of these adverse health outcomes. The current study systematically examined
the extent to which people associate health conditions with excessive sugar intake. Participants
(N = 1010 Portuguese volunteers) freely reported all health conditions they associated with excessive
sugar consumption and rated the strength of these associations for eight specific health conditions.
All participants reported health conditions associated with excessive sugar intake, with the most
frequent being risk factors for cardiometabolic diseases (e.g., diabetes), cardiovascular diseases, oral
problems, oncological and mental health conditions. Moreover, participants considered diabetes,
overweight/obesity, and oral problems as being the conditions most related to excessive sugar intake.
Women, participants with children in the household, and experts in health/nutrition rated excessive
sugar intake as being more strongly linked to some of the health conditions. The identification of the
health conditions that people associate with excessive sugar consumption may inform policymakers,
educators, and health professionals and support interventions targeting the general public or specific
groups (e.g., overweight people) in raising awareness of potential adverse health outcomes and,
ultimately, contribute to reducing sugar intake.

Keywords: free sugars; excessive sugar intake; health conditions; non-communicable diseases;
diseases prevention

1. Introduction

Poor eating habits, including high sugar intake, contribute to a decrease in the average
life expectancy and are associated with many health conditions [1,2]. The excessive intake
of free sugars increases the overall energy intake and may reduce the intake of nutritionally
richer foods, and it has been associated with multiple adverse health outcomes (for a review,
see [3]).

Free sugar is ubiquitous in current diets, corresponding to “all monosaccharides
and disaccharides added to foods by the manufacturer, cook or consumer, plus sugars
naturally present in honey, syrups and fruit juice concentrates” [2]. Its excessive intake has
been associated with an increased risk of developing non-communicable diseases, such as
overweight or obesity [4], cardiometabolic diseases [5], elevated blood pressure [6], some
types of cancer [7,8], and dental caries [9], among others. For example, excessive sugar
intake can predispose individuals to increased adiposity and, ultimately, overweight and
obesity [10,11], especially when this consumption co-occurs with low levels of physical
activity. Obesity, in turn, is currently considered a global epidemic with severe individual
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and societal implications, being also a risk factor for multiple health conditions [12]. In
Portugal, the prevalence of obesity is particularly alarming (e.g., 28.6% of the individuals
aged between 25 and 74 years are obese [13]).

Research has also suggested a relationship between excessive sugar intake and car-
diometabolic diseases, which includes both cardiovascular disease and conditions such as
metabolic syndrome and type 2 diabetes. The common pathogenic mechanisms include
inflammation, insulin resistance, lipid accumulation, and increased oxidation [14,15]. To
illustrate, the increase in hypertension prevalence is mainly related to the aging of the
population and exposure to various lifestyle risk factors, such as unhealthy diets [16]. In
2010, estimates suggested that 31.1% of adults (1.39 billion people) worldwide were hyper-
tensive [16]. In Portugal, this cardiovascular disease affects 36% of the population aged
between 25 and 74 years, and 71% of the population aged between 65 and 74 years [17].
Furthermore, diabetes affects 9.8% and 23.8% of the individuals in these age groups [18].
Another negative health outcome associated with excessive sugar consumption is dental
diseases (e.g., dental caries and erosion [19]). It is estimated that more than 80% of the
world’s population is affected by this disease [20], including Portugal (e.g., oral-health
problems affecting 69–90% of Portuguese school-age children [21]).

Based on the evidence linking sugar consumption and adverse health outcomes, the
WHO [2] has recommended limiting free-sugars intake to below 10% (ideally below 5%)
of the daily total energy intake, which corresponds to 50 g/day for an average adult.
Although several countries have implemented a set of strategies and measures to reduce
sugar intake (for a review, see [22]), the available data show that this goal has yet to be
met. For example, a recent report [23] showed that, in Portugal, the mean intake of sugars
(mono and disaccharides) is 84 g/day (i.e., 18.5% of the daily total energy intake), whereas
the mean intake of free sugars is 35 g/day (i.e., 7.5% of the daily total energy intake). The
contribution of free sugars for the daily total energy intake is higher for adolescents and
children (i.e., 10.5% and 9.6%, respectively). The most significant contributors to these
consumption patterns are table sugar, sweets (e.g., candy, chocolate, and ice cream), and
soft drinks. Critically, 24.3% of the general Portuguese population, 48.7% of the adolescents,
and 40.7% of the children exceed the WHO’s recommendations regarding free-sugars
intake [23].

Considering these consumption patterns, it becomes highly relevant to examine con-
sumers’ perceptions regarding sugar intake and the expected outcomes of excessive con-
sumption. Qualitative studies provide good insights into this topic. For example, a recent
study using focus groups with a sample of 40 Portuguese college students showed that,
overall, participants shared the view that sugar intake is essential for the body’s normal
functioning and not harmful if eaten in moderation [24]. This study also showed am-
bivalence toward sugar intake, with participants expressing their love for sweets while
characterizing sugar as something highly negative, processed, and addictive. Regarding
the consequences of excessive sugar intake, participants often mentioned obesity, diabetes,
cardiovascular diseases, skin problems, and general conditions (e.g., sugar as a cause for
inflammation in different parts of the body). In another recent study, including 42 inter-
views with Portuguese parents, children’s excessive sugar intake was also associated with
diverse conditions (e.g., overweight and obesity, diabetes, oral health problems, and cardio-
vascular and oncological diseases), including agitation, inattention, and hyperactivity [25]
(see also [26] for similar results with a sample of Australian parents). The fact that people
frequently associate excessive sugar intake with behavioral problems, such as hyperac-
tivity disorder, is of particular interest, given the lack of supporting scientific evidence
(for a meta-analysis, see [27]). Still, these studies have also suggested that individuals may
be unaware of the mechanisms by which sugary products contribute negatively to their
health [26] or downplay the impact of the adverse consequences of excessive sugar intake.
For example, some people express the belief that sugar has a less negative impact than
other nutrients or substances found in food, such as fat or preservatives, or express mistrust
in information conveying the association between sugar intake and health conditions [24].



Nutrients 2022, 14, 640 3 of 13

In other cases, individuals acknowledge the negative health outcomes but downplay the
likelihood of experiencing them in the near future [24,28].

To the best of our knowledge, studies that are focused on examining the perceived
health consequences of excessive sugar intake are still scarce. Although the reviewed quali-
tative studies provide important cues in this regard, these findings cannot be generalized,
because they are based on small and specific samples (e.g., see [24,25]). Still, a few stud-
ies about sugar-sweetened beverages (SSB) consumption tackled this issue. For instance,
research with large samples of US adults has shown that participants often associated
weight gain and diabetes with excessive SSBs consumption [29,30]. However, because both
studies required participants to select health conditions from a predefined set, this method
does not allow to infer whether participants spontaneously identified these conditions,
nor if they would also report other health conditions. In contrast, a recent study with
Australian adults [28] included an open-ended question about the health effects associated
with SSB consumption, and type 2 diabetes, weight gain, and heart disease were the most
frequent responses. It is noteworthy that all these studies focused on conditions resulting
from drinking SSBs (and not from overall excessive sugar consumption). It is possible that
the associations with these negative health outcomes are driven from the unhealthfulness
appraisal of SSBs, which, in turn, may result from several perceived attributes and not
exclusively by their high sugar content (e.g., presence of additives, artificial sweeteners,
caffeine content, fruit, etc. (see [31,32]). Moreover, these studies do not inform about the
strength of the association between sugar intake and a given health condition.

Understanding the anticipated consequences of excessive sugar intake is relevant to
developing strategies to address this problem. Hence, in the current study, we systemati-
cally examined Portuguese individuals’ perceptions about the health-related consequences
of high sugar intake by using both a free-association task and a rating task, in which
participants rated the strength of the association between excessive sugar intake and a
set of eight health conditions (e.g., diabetes, cancer, and hyperactivity). Additionally, we
explored if these ratings varied according to sociodemographic variables (e.g., gender, age,
and education level; see also [28]) and correlated with other self-reported measures (e.g.,
frequency of high-sugar foods intake and attention to sugar-content information).

2. Method
2.1. Participants

This study included a sample of 1010 Portuguese volunteers (76.7% women, 22.9%
men, and 0.4% other), aged between 18 and 82 years (M = 36.33, SD = 13.22). Half of the
sample cohabited with a partner (50.0%), and most had no children in their household
(66.5%). Most participants were employed (77.5%) and had a college degree (78.7%). Most
participants reported following an omnivorous diet (72.5%) and were within the normal
weight range (59.0%; 18.5 < BMI < 25). Still, 30.9% were overweight or obese (BMI > 25), 4.3%
were underweight (BMI < 18.5), and 5.8% chose not to disclose this information. Moreover,
only 12.6% reported having at least one diagnosed health condition that restricts their
eating behavior. The most frequent health conditions were food allergies or intolerances
(43.3%), pre-diabetes or diabetes (11.8%), and high cholesterol (10.2%).

2.2. Procedure and Instruments

This study was part of a broader project about eating behavior (for other instruments
and results, see [22,33]), and we only focus on the relevant measures for the current
paper. All procedures were reviewed and approved by an ethics committee of the Iscte-
Instituto Universitário de Lisboa (approval #22/2019).), and all methods were performed
by following the ethical guidelines and regulations of the host institution. Written informed
consent was obtained from all participants. Instructions stated the goals and the duration of
the study, as well as ethical considerations (e.g., anonymity, confidentiality, and possibility
to withdraw at any time). The invitation to participate in a web survey (hosted in Qualtrics)
about eating habits was shared via mailing lists and on social networks (e.g., Facebook and



Nutrients 2022, 14, 640 4 of 13

LinkedIn). Data were collected from 7 February to 19 February 2019, and all Portuguese
adults were eligible to participate. The only incentive to participate was the opportunity to
enter a raffle (three 50€ gift cards). The contact information provided to enter the raffle was
archived in a separate database and subsequently deleted.

The goal of the main task was to understand the perceived health outcomes of sugar
intake. First, participants were asked whether they associated excessive sugar intake
with any health condition (1 = Yes, 2 = No). Those who responded affirmatively were
asked to write all the health problems they could remember. Next, we presented a list
of eight conditions (in random order) that have been associated with high-sugar diets—
hypertension, diabetes, overweight/obesity, dental caries or other oral health problems,
cancer, high cholesterol, kidney disease [2,3], and hyperactivity. Participants were asked
to indicate to what extent they considered each condition to be associated with excessive
sugar intake (1 = Not at all associated to 7 = Strongly associated). Table 1 presents the measures
used to assess participants’ perceptions or behaviors toward sugar.

Table 1. Measures used to assess participants’ perceptions or behaviors toward sugar.

Measure Item Scale Anchors

Attention to sugar content
information [34]

“How often do you look at the
sugar content in the
nutritional table?”

1 = Never to 7 = Always

Frequency of high sugary
foods intake

“How often do you consume
drinks and foods with a high

sugar content?”

1 = Never or less than once a
month to 7 = More than once

a day

Concern about sugar intake
(adapted from [35])

“I am not concerned with the
amount of sugar present in

my diet”.

1 = Strongly Disagree to
7 = Strongly Agree *

Health benefits from reducing
sugar intake (adapted

from [35])

“My health would improve if
I reduced the amount of sugar

in my diet”.

1 = Strongly Disagree to
7 = Strongly Agree

Intention to reduce sugar
intake

“I plan to reduce the amount
of sugar in my diet”.

1 = Strongly Disagree to
7 = Strongly Agree

Importance of reducing sugar
intake in Portugal [33]

“In your opinion, reducing
sugar consumption in the

Portuguese population is . . . ”

1 = Not very important to
7 = Very important

Note. * Reverse-coded.

Participants also answered sociodemographic questions (e.g., gender, age, occupation,
and education level) and questions about their overall lifestyle and health status (e.g.,
weight/height; type of diet; and the following two questions, “In general, you would say
that your lifestyle is...”, 1 = Very sedentary to 7 = Very active, and “In general, you would
say that your health status is...”, 1 = Very bad to 7 = Very good). At the end of the survey,
participants were thanked and fully debriefed.

2.3. Data Analytic Plan

A total of 1483 participants agreed to participate in the survey. Only completed surveys
were included in our analyses (n = 1010, 68.11% completion rate). A sensitivity power
analysis using G*Power [36] indicated that the sample size allowed enough power (95%) to
detect a small effect size of f(V) = 0.15. Data were analyzed with SPSS v29, and significance
levels for inferential analyses were set to 0.05.

Our primary analyses included the categorization of participants’ responses to the
open-ended question about the health conditions they spontaneously associate with exces-
sive sugar intake. We present the frequency observed for each health-condition category
(Section 3.1). Moreover, a repeated-measures ANOVA was used to examine if the eight
health conditions differ regarding how strongly they are associated with excessive sugar
(multiple comparisons between health conditions with Bonferroni correction, Section 3.2).
As additional analyses, we used independent-samples t-tests to explore if the perceived
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association between excessive sugar intake and each health condition varied according to
individual characteristics (i.e., gender, presence of children, and expertise in health and
nutrition). Finally, in Section 3.3, we use Pearson’s Correlation Coefficient to explore the pat-
tern of associations between the overall association with health conditions and the variables
related to the perception and behavior toward sugar and participants’ reported lifestyle.

3. Results
3.1. Excessive Sugar Intake and Health Conditions: Spontaneous Associations

The results indicated that only 13.7% (n = 138) of participants did not report any
association between excessive sugar intake and health conditions. The remaining 86.3%
(n = 872) responded “yes”, but 76 participants did not further indicate any health condi-
tion(s). In total, 796 participants indicated at least one health condition associated with
excessive sugar intake (total of 1812 responses). These responses were categorized by two
expert judges (one nurse and one general practitioner [37,38]). Different designations for
the same health condition (e.g., “cholesterol”/“hypercholesterolemia”/“high cholesterol”)
were aggregated. Results are summarized in Figure 1, and Table 2 presents the health
conditions frequencies per category.
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Table 2. Health conditions associated with excessive sugar intake.

Health Condition n %P Health Condition n %P

1. Risk Factors for Cardiovascular
Diseases 1296 7. Dermatologic Conditions 19

Diabetes, type II diabetes, diabetes
mellitus 727 72.0 Skin, dermatological (issues), acne,

pimples 16 1.6

Obesity, overweight 419 41.5 Hidradenitis suppurativa 2 0.2
Cholesterol (high), hypercholesterolemia 67 6.6 Skin inflammation 1 0.1

Hypertension, blood pressure (high) 59 5.8
Triglycerides (high),

hypertriglyceridemia 10 1.0 8. Ophthalmic Diseases 17

Dyslipidemia 9 0.9 Blindness 4 0.4
Blood glucose 5 0.5 Glaucoma 4 0.4

Retinopathy, diabetic retinopathy 4 0.4
2. Cardiovascular Diseases 172 Myopia 3 0.3

General (cardiovascular, cardiac, heart
conditions) 116 11.5 General (eye problems) 2 0.2

Stroke 24 2.4

Myocardial infarction, Heart attack 11 1.1 9. Rheumatology and Osteoarticular
Pathology 13

Arteriosclerosis 6 0.6 Gout, uric acid (high) 2 0.2
General (vascular conditions) 5 0.5 Osteoarticular, bones or joints (problems) 8 0.8

Circulatory problems 4 0.4 Osteoporosis 2 0.2
Thrombosis 3 0.3 Rheumatoid arthritis 1 0.1

Blood coagulation 1 0.1
Micro and macro vasculopathy 1 0.1 10. Urinary System Diseases 13

Ischemic fingers 1 0.1 Kidney or renal (issues, diseases),
nephropathy 12 1.2

Cystitis 1 0.1
3. Oral Health Problems 76

Cavities 63 6.2 11. Neurological Diseases 11
General (dental problems) 13 1.3 Neurodegenerative diseases 3 0.3

Headaches, migraines 3 0.3
4. Oncological Diseases 73 Polyneuropathy 3 0.3

Cancer 65 6.4 Alzheimer’s disease 1 0.1
General (oncological diseases) 6 0.6 Epileptic seizures 1 0.1

Leukemia 1 0.1
Tumors (malignant) 1 0.1 12. General/Other Conditions 37

Endocrine and metabolic disorders 9 0.9
5. Mental Health Conditions 64 Inflammatory processes 9 0.9
Depression, mood disorders 13 1.3 Immune system (weakened) 3 0.3

Anxiety 10 1.0 Fungal infections, candidiasis 3 0.3
Fatigue, burnout, tiredness 9 0.9 Autoimmune diseases 3 0.3

Hyperactivity 8 0.8 Respiratory system diseases 3 0.3
Stress 7 0.7 General malaise 1 0.1

Attention (deficit) 5 0.5 Aging (faster) 1 0.1
Addiction 4 0.4 Aesthetic (consequences) 1 0.1

Sleep disorders, Insomnia 2 0.2 Morbidity 1 0.1
General (mental health/psychological

conditions) 2 0.2 Fluid retention 1 0.1

Memory (diminished) 2 0.2 Ulcers 1 0.1
Self-esteem (low) 1 0.1 Chronic diseases 1 0.1

Irritability 1 0.1

6. Gastrointestinal System Diseases 21
Intestine or stomach diseases 9 0.9

Liver diseases 11 1.1
Pancreas diseases 1 0.1

Note: n refers to the frequency of health conditions (total = 1812). %P refers to the percentage of participants
(N = 1010) that mentioned a given health condition.
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As shown in Figure 1, most participants associated excessive sugar intake with con-
ditions that constitute risk factors for cardiovascular diseases. Other health conditions
categories (although much less pervasive) were cardiovascular diseases, oral health prob-
lems, oncological diseases, and mental-health conditions.

Within risk factors for cardiovascular diseases, diabetes and obesity/overweight
were widespread associations (56.1 and 32.3% of the total number of responses). Indeed,
these health conditions were mentioned by 72.0 and 41.5% of the total sample, respectively.
Cardiovascular diseases were primarily described in general terms (e.g., “heart conditions”).
For the oral-health category, the most frequent associations were cavities. In the case of
oncological diseases, most responses were specifically “cancer”. The mental-health category
was more heterogeneous and included responses such as depression, anxiety, or fatigue.
Noteworthy, the remaining responses (i.e., categories 6 to 13) were mentioned by very
few participants (less than 1% of the total sample) and included diseases associated with
diverse systems/organs (e.g., gastrointestinal, dermatologic, ophthalmic, etc.).

3.2. Excessive Sugar Intake and Health Conditions: Ratings of Strength of Association

A one-way ANOVA with repeated measures showed that the strength of the associ-
ation varied according to the health condition, F(5.04, 5089.23) = 582.54, MSE = 1422.98,
p < 0.001, ηp

2 = 0.366 (with Huynh–Feldt correction as sphericity assumption was not
verified). Overall, participants perceived all health conditions to be associated with sugar
consumption (M = 5.49, SD = 0.85). As shown in Figure 2, diabetes, overweight/obesity,
and oral-health problems were perceived as having the strongest associations with exces-
sive sugar intake (vs. all other health conditions, all p < 0.001; post hoc tests with Bonferroni
correction). Kidney disease obtained the lowest association ratings (vs. all other health
conditions, all p ≤ 0.001).
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Figure 2. Mean ratings of perceived association between excessive sugar intake and a set of health
conditions. Note. Error bars represent standard errors. Higher ratings reflect a perceived stronger
association between excessive sugar intake and a given health condition (maximum = 7).

We also explored if the perceived association between excessive sugar intake and each
health condition varied according to individual characteristics (see Table 3). Women
(vs. men) rated excessive sugar intake as more associated with overweight/obesity,
t(349.06) = 2.71, p = 0.007, d = 0.69; oral health, t(354.60) = 2.43, p = 0.016, d = 0.73; cancer,
t(1004) = 5.94, p < 0.001, d = 1.91; and hyperactivity, t(1004) = 3.21, p = 0.001, d = 1.85.
Moreover, we found that participants with (vs. without) children perceived a stronger
association between sugar and cancer, t(1008) = 3.15, p = 0.002, d = 1.93; and hyperactivity,
t(1008) = 3.03, p = 0.002 d = 1.85. Experts (vs. non-experts) provided higher ratings for the
association between sugar intake and diabetes, t(199.46) = 2.27, p = 0.024, d = 0.72; cancer,
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t(167.11) = 6.47, p < 0.001, d = 1.86; obesity, t(175.92) = 2.46, p = 0.015, d = 0.64; and kidney
disease, t(793) = 3.26, p = 0.001, d = 1.63.

Table 3. Perceived association between excessive sugar intake and health conditions, according to
individual characteristics.

Gender Children in the Household Expertise in Health or Nutrition 1

Men
(n = 231)

Women
(n = 775) p No

(n = 672)
Yes

(n = 338) p Non-Experts
(n = 690)

Experts
(n = 105) p

M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)

Diabetes 6.70
(0.66)

6.71
(0.78) 0.876 6.70

(0.75)
6.71

(0.76) 0.810 6.69
(0.75)

6.81
(0.46) 0.024

Overweight/
Obesity

6.57
(0.75)

6.72
(0.68) 0.007 6.68

(0.71)
6.70

(0.67) 0.719 6.68
(0.66)

6.81
(0.46) 0.015

Oral Health 6.57
(0.78)

6.71
(0.72) 0.016 6.66

(0.73)
6.71

(0.73) 0.270 6.70
(0.65)

6.70
(0.77) 0.896

Hyperactivity 4.72
(1.94)

5.16
(1.82) 0.001 4.93

(1.90)
5.31

(1.74) 0.002 5.10
(1.82)

5.10
(1.76) 0.962

Hypertension 4.85
(1.77)

4.89
(1.81) 0.774 4.91

(1.82)
4.84

(1.76) 0.541 4.92
(1.75)

4.90
(1.74) 0.873

Cholesterol 4.72
(1.84)

4.87
(1.76) 0.284 4.83

(1.80)
4.83

(1.73) 0.993 4.84
(1.74)

4.89
(1.70) 0.798

Cancer 4.02
(1.84)

4.87
(1.91) <0.001 4.54

(1.95)
4.94

(1.90) 0.002 4.59
(1.91)

5.61
(1.42) <0.001

Kidney
Disease

4.35
(1.72)

4.44
(1.68) 0.465 4.38

(1.67)
4.51

(1.73) 0.244 4.41
(1.62)

4.96
(1.71) 0.001

Note. 1 Based on the description of their occupation and study area, we categorized participants according to their
expertise in the health and nutrition domains. Experts include doctors, nurses, nutritionists, and pharmacists
(n = 105; 13.2% of the total sample). The remaining participants with a higher education degree (n = 690) were
from diverse study areas (e.g., psychology, marketing, and journalism). The p refers to the significance level of the
difference test according to each individual characteristic (i.e., independent samples t-tests for gender, presence of
children in the household, and expertise in health and nutrition).

In contrast, we did not observe differences in the ratings for any of the health condi-
tions according to BMI level (i.e., normal weight vs. overweight), all p > 0.203, or education
level (i.e., with vs. without higher education), all p > 0.111, except for kidney disease,
such that participants with higher education (M = 4.48; SD = 1.64) perceived a stronger
association between this condition and excessive sugar intake than participants without
higher education (M = 4.20; SD = 1.83), t(1008) = 2.20, p = 0.028.

3.3. Correlations

As shown in Table 4, participants who perceived the health conditions as more asso-
ciated with sugar intake also reported higher intention to reduce sugar intake, to attend
to information about sugar more frequently, and to perceive more health benefits from
reducing their sugar intake, as well as considering more critically the reduction of sugar
intake in Portugal, all p < 0.001. Importantly, higher associations with health conditions
were also negatively associated with the frequency of sugar intake, p = 0.006. Still, these
associations were very weak in magnitude.
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Table 4. Descriptive results (M and SD) and correlations between the overall association ratings with
the variables related to the perception and behavior toward sugar and participants’ reported lifestyle.

M SD 1 2 3 4 5 6 7 8 9

1. Overall association with health
conditions a 5.49 0.85 -

2. Intention to reduce sugar intake 5.07 1.91 0.18 *** -
3. Attention to sugar information 5.11 1.86 0.21 *** 0.18 *** -
4. Frequency of sugar intake 3.23 1.55 −0.09 ** −0.01 −0.25 *** -
5. Concern about sugar intake 5.31 2.04 0.07 * 0.25 *** 0.22 *** −0.10 ** -
6. Health benefits from reducing
sugar intake 5.23 1.98 0.16 *** 0.60 *** 0.11 ** 0.09 ** 0.15 *** -

7. Importance of reducing sugar
intake in Portugal 6.73 0.69 0.20 *** 0.23 *** 0.19 ** −0.16 *** 0.21 *** 0.14 ** -

8. Overall activity 4.27 1.54 0.03 −0.05 0.10 ** −0.12 *** 0.00 −0.13 ** 0.04 -
9. Overall health status 5.25 1.04 0.06 * −0.04 0.17 *** −0.19 *** 0.02 −0.16 ** 0.09 * 0.40 *** -
10. Age 36.33 13.22 −0.02 −0.05 0.02 −0.17 *** −0.04 −0.04 0.78 * 0.00 −0.04

Note. *** p < 0.001, ** p < 0.010, and * p < 0.050. a Average of the association between excessive sugar intake and
the set of eight health conditions.

4. Discussion

The primary goal of this study was to examine the health conditions that participants
associated with excessive sugar intake. We achieved this by asking participants to describe
all health conditions they associated with excessive sugar intake and rate this associa-
tion’s strength for eight conditions. We also explored whether individual characteristics
determined these association ratings.

Overall, we observed that most participants reported at least one health condition
associated with excessive sugar intake. The most frequent association was related to risk
factors for cardiovascular diseases, such as diabetes and overweight/obesity, followed by
actual cardiovascular diseases. Although much less prevalent than these two categories,
participants also mentioned the association with cavities, cancer, and conditions related to
mental health. The remaining responses were relatively infrequent but allowed us to char-
acterize the spectrum of associations to excessive sugar intake. For instance, participants
mentioned conditions affecting specific organs (e.g., the skin, eyes, bones, joints, etc.) and
general adverse health outcomes (e.g., sugar as contributing to inflammatory processes or a
weakened immune system). We also chose to include examples of the terms or expressions
mentioned by participants that may not correspond to the medical designations (e.g., “heart
attack” used as equivalent to “myocardial infarction”). This may provide important cues
to health professionals about how to communicate about specific conditions with their
patients. According to a recent study [39], the use of technical terminology, medical vernac-
ular, acronyms, and abbreviations is still common in certain clinical contexts. To empower
patients to manage their conditions, doctors are advised to consider their patients’ level
of health literacy when communicating, using lay terms, and avoiding the use of medical
jargon whenever possible [40].

The results of the open-ended question are in line with those of the rating task, in
which diabetes, overweight/obesity, and oral-health problems emerged as the health
conditions more strongly associated with excessive sugar intake. Kidney disease was
the health problem that was least associated with sugar consumption in the assessment
task. However, some studies show that (added) sugar consumption is related to kidney
damage [41].

It is noteworthy that, in contrast to the results of the free-association task, oral-health
problems were rated as strongly associated with sugar intake. This discrepancy may be
related to the typical separation between medical and oral healthcare systems, being the
latter less prioritized [42]. For instance, the consequences of oral health problems (e.g.,
cavities) are possibly downplayed compared to other diseases strongly associated with
excessive sugar intake (e.g., diabetes). However, this problem cannot be undervalued. For
instance, tooth decay has been described as the most common non-communicable disease
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in Europe. In addition to all the individual consequences of this problem (e.g., impact on
nutrition, self-esteem, quality of life [43,44]), this represents a great economic cost [44].

As in Miller et al. [28], we also observed the impact of some individual characteristics in
these ratings. For instance, women considered sugar intake to be more strongly associated
with several health conditions than men did. Individuals with children in the household
also rated the associations with cancer and hyperactivity as stronger than those without
children. Finally, experts rated the associations with obesity, cancer, and kidney disease
as stronger than non-experts. Noteworthy, the association between excessive sugar intake
and hyperactivity does not seem to vary according to expertise in health or nutrition, even
though this association is not scientifically substantiated [27,45]. This result reveals the need
to clarify the association between sugar consumption and hyperactivity, both in the general
population and health professionals. Finally, we did not observe differences in ratings
according to participants’ weight status (i.e., normal vs. overweight), and differences based
on education level were limited to kidney disease.

Our results must be interpreted with caution, due to the characteristics of our sample.
As in other studies conducted with volunteers in the health and nutrition domain [22,46],
our sample included a higher proportion of women and individuals with higher education.
Another limitation of the current study concerns the rating task, which included a limited
list of possible health conditions [29,30] related to excessive sugar intake. Participants
may have inferred that the mere inclusion of the health conditions on the list of options
signaled that they were indeed associated with excessive sugar consumption. For this
reason, future studies could include a more comprehensive list of health conditions varying
in their strength of association with excessive sugar intake, but also unrelated ones.

5. Conclusions

An important step in developing effective interventions to reduce sugar intake is ac-
quiring an in-depth understanding of its consumption, including the underlying individual
drivers, such as consumers’ perceptions. By identifying the diseases that consumers mostly
associated with excessive sugar consumption, this study can inform policymakers, educa-
tors, and health professionals. For example, interventions involving nutrition care provided
by primary health professionals can promote healthy eating behaviors (for a systematic
review, see [47]). Indeed, health professionals can be instrumental in sharing information
and clarifying some misconceptions regarding the associations between excessive sugar
intake and its adverse outcomes in health. Notably, a study with over 1500 physicians [48]
showed that the majority reported counseling overweight/obese patients about the con-
sequences of excessive SSBs. However, the most frequently addressed topic focused on
the contribution of sugary beverages to weight gain, with its nutritional profile (e.g., sugar
content) and a referral to an expert in nutrition being less commonly addressed. These re-
sults highlight that this approach may not be sufficient. Further studies should be directed
to health professionals to understand their perceptions regarding the barriers and facili-
tators they face in promoting healthy eating habits in their patients. Moreover, alongside
improving knowledge about the short- and long-term health consequences of excessive
sugar, it is highly relevant to help individuals to identify which ingredients constitute sugar
sources [33,34], how much sugar is harmful to health [28,31], and strategies to enhance
comprehension and compliance with sugar-intake guidelines. It is also vital to disrupt
potential optimistic bias [49] and promote individuals’ awareness of their susceptibility
to sugar consumption’s health risks [50]. Finally, our results may also support the devel-
opment of campaigns to raise awareness of the diverse health outcomes resulting from
excessive sugar intake. As stated in an educational brochure about sugar-intake health
risks (University of California—SugarScience.ucsf.edu), “Too much added sugar doesn’t
just make us fat. It can also make us sick”.

Author Contributions: M.P., conceptualization, formal analysis, funding acquisition, methodol-
ogy, writing—original draft, and writing—review and editing; M.S., data curation, formal analysis,
writing—original draft, and writing—review and editing; M.V.G., conceptualization, funding ac-



Nutrients 2022, 14, 640 11 of 13

quisition, writing—original draft, and writing—review and editing; A.S., writing—original draft;
A.T., data collection; D.L., methodology and writing—review and editing; D.A.S., data curation, and
Formal analysis; D.L.R., methodology and writing—review and editing. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was financially supported by Project LISBOA-01-0145-FEDER-028008, co-
funded by the Lisboa 2020 Program, Portugal 2020, and European Union through FEDER funds,
and by national funds through the Foundation for Science and Technology. Part of this work was
also funded by a grant awarded by Fundação para a Ciência e a Tecnologia to DLR (Reference:
2020.00523.CEECIND).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of Iscte-Instituto Universitário de Lisboa (approval
#22/2019).

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

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

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

References
1. Greenberg, J.A. Obesity and early mortality in the United States. Obesity 2013, 21, 405–412. [CrossRef] [PubMed]
2. WHO. Guideline: Sugars Intake for Adults and Children; World Health Organization: Geneva, Switzerland, 2015; ISBN 978-92-4-

069422-4.
3. Mela, D.J.; Woolner, E.M. Perspective: Total, added, or free? What kind of sugars should we be talking about? Adv. Nutr. 2018, 9,

63–69. [CrossRef] [PubMed]
4. Malik, V.S.; Pan, A.; Willett, W.C.; Hu, F.B. Sugar-sweetened beverages and weight gain in children and adults: A systematic

review and meta-analysis. Am. J. Clin. Nutr. 2013, 98, 1084–1102. [CrossRef] [PubMed]
5. Malik, V.S.; Popkin, B.M.; Bray, G.A.; Després, J.-P.; Hu, F.B. Sugar sweetened beverages, obesity, type 2 diabetes and cardiovascular

disease risk. Circulation 2010, 121, 1356–1364. [CrossRef] [PubMed]
6. Te Morenga, L.A.; Howatson, A.J.; Jones, R.M.; Mann, J. Dietary sugars and cardiometabolic risk: Systematic review and

meta-analyses of randomized controlled trials of the effects on blood pressure and lipids. Am. J. Clin. Nutr. 2014, 100, 65–79.
[CrossRef]

7. Debras, C.; Chazelas, E.; Srour, B.; Kesse-Guyot, E.; Julia, C.; Zelek, L.; Agaësse, C.; Druesne-Pecollo, N.; Galan, P.; Hercberg, S.;
et al. Total and added sugar intakes, sugar types, and cancer risk: Results from the prospective nutrinet-santé cohort. Am. J. Clin.
Nutr. 2020, 112, 1267–1279. [CrossRef]

8. Larsson, S.C.; Bergkvist, L.; Wolk, A. Consumption of sugar and sugar-sweetened foods and the risk of pancreatic cancer in a
prospective study. Am. J. Clin. Nutr. 2006, 84, 1171–1176. [CrossRef]

9. Sheiham, A.; James, W.P.T. A reappraisal of the quantitative relationship between sugar intake and dental caries: The need for
new criteria for developing goals for sugar intake. BMC Public Health 2014, 14, 863. [CrossRef]

10. Rippe, J.M.; Angelopoulos, T.J. Relationship between added sugars consumption and chronic disease risk factors: Current
understanding. Nutrients 2016, 8, 697. [CrossRef]

11. Te Morenga, L.A.; Mallard, S.; Mann, J. Dietary sugars and body weight: Systematic review and meta-analyses of randomised
controlled trials and cohort studies. BMJ 2012, 346, e7492. [CrossRef]

12. Umer, A.; Kelley, G.A.; Cottrell, L.E.; Giacobbi, P.; Innes, K.E.; Lilly, C.L. Childhood obesity and adult cardiovascular disease risk
factors: A systematic review with meta-analysis. BMC Public Health 2017, 17, 683. [CrossRef] [PubMed]

13. Gaio, V.; Antunes, L.; Barreto, M.; Gil, A.; Kyslaya, I.; Namorado, S.; Rodrigues, A.P.; Santos, A.; Nunes, B.; Dias, C.M. Prevalência
de excesso de peso e de obesidade em Portugal: Resultados do primeiro Inquérito Nacional de Saúde com Exame Físico (INSEF
2015) [Prevalence of overweight and obesity in Portugal: Results of the first National Health Survey with Physical Examination
(INSEF 2015)]. Bol. Epidemiol. Obs. 2018, 7, 29–33.

14. Deshpande, G.; Mapanga, R.F.; Essop, M.F. Frequent sugar-sweetened beverage consumption and the onset of cardiometabolic
diseases: Cause for concern? J. Endocr. Soc. 2017, 1, 1372–1385. [CrossRef] [PubMed]

15. Farhangi, M.A.; Nikniaz, L.; Khodarahmi, M. Sugar-sweetened beverages increases the risk of hypertension among children and
adolescence: A Systematic review and dose–response meta-analysis. J. Transl. Med. 2020, 18, 344. [CrossRef] [PubMed]

16. Mills, K.T.; Stefanescu, A.; He, J. The Global epidemiology of hypertension. Nat. Rev. Nephrol. 2020, 16, 223–237. [CrossRef]
[PubMed]

http://doi.org/10.1002/oby.20023
http://www.ncbi.nlm.nih.gov/pubmed/23404873
http://doi.org/10.1093/advances/nmx020
http://www.ncbi.nlm.nih.gov/pubmed/29659689
http://doi.org/10.3945/ajcn.113.058362
http://www.ncbi.nlm.nih.gov/pubmed/23966427
http://doi.org/10.1161/CIRCULATIONAHA.109.876185
http://www.ncbi.nlm.nih.gov/pubmed/20308626
http://doi.org/10.3945/ajcn.113.081521
http://doi.org/10.1093/ajcn/nqaa246
http://doi.org/10.1093/ajcn/84.5.1171
http://doi.org/10.1186/1471-2458-14-863
http://doi.org/10.3390/nu8110697
http://doi.org/10.1136/bmj.e7492
http://doi.org/10.1186/s12889-017-4691-z
http://www.ncbi.nlm.nih.gov/pubmed/28851330
http://doi.org/10.1210/js.2017-00262
http://www.ncbi.nlm.nih.gov/pubmed/29264461
http://doi.org/10.1186/s12967-020-02511-9
http://www.ncbi.nlm.nih.gov/pubmed/32891165
http://doi.org/10.1038/s41581-019-0244-2
http://www.ncbi.nlm.nih.gov/pubmed/32024986


Nutrients 2022, 14, 640 12 of 13

17. Rodrigues, A.P.; Gaio, V.; Kislaya, I.; Graff-Iversen, S.; Cordeiro, E.; Silva, A.C.; Namorado, S.; Barreto, M.; Gil, A.P.; Antunes, L.;
et al. Prevalência de hipertensão arterial em Portugal: Resultados do Primeiro Inquérito Nacional com Exame Físico (INSEF 2015)
[Prevalence of arterial hypertension in Portugal: Results of the First National Survey with Physical Examination (INSEF 2015)].
Obs. Epidemiol. 2017, 4, 271–278.

18. Barreto, M.; Kislaya, I.; Gaio, V.; Rodrigues, A.P.; Santos, A.J.; Namorado, S.; Antunes, L.; Gil, A.P.; Boavida, J.M.; Silva, A.C.;
et al. Prevalence, awareness and control of diabetes in Portugal: Results from the first National Health Examination Survey. Obs.
Epidemiol. 2017, 5, 34–38.

19. Valenzuela, M.J.; Waterhouse, B.; Aggarwal, V.R.; Bloor, K.; Doran, T. Effect of sugar-sweetened beverages on oral health:
A systematic review and meta-analysis. Eur. J. Public Health 2021, 31, 122–129. [CrossRef]

20. Breda, J.; Jewell, J.; Keller, A. The importance of the World Health Organization sugar guidelines for dental health and obesity
prevention. Caries Res. 2019, 53, 149–152. [CrossRef]

21. Céu, A.; Ferreira, C.S.; Jordão, M. Programa Nacional de Promoção da Saúde Oral [National Program for the Promotion of Oral Health];
Direção-Geral da Saúde: Lisbon, Portugal, 2019.

22. Prada, M.; Rodrigues, D.L.; Godinho, C.; Lopes, D.; Garrido, M.V. Knowledge and acceptance of interventions aimed at reducing
sugar intake in Portugal. Public Health Nutr. 2020, 23, 3423–3434. [CrossRef]

23. Lopes, C.; Torres, C.; Oliveira, A.; Sereno, M.; Alarcão, V.; Guiomar, S.; Mota, J.; Teixeira, P.; Rodrigues, S.; Lobato, L.; et al.
Inquérito Alimentar Nacional e de Atividade Física de 2015-2016 [National Food and Physical Activity Survey 2015–2016]; Universidade
do Porto: Porto, Portugal, 2017.

24. Prada, M.; Godinho, C.A.; Garrido, M.V.; Rodrigues, D.L.; Coelho, I.; Lopes, D. A qualitative study about college students’
attitudes, knowledge and perceptions regarding sugar intake. Appetite 2021, 159, 105059. [CrossRef] [PubMed]

25. Prada, M.; Saraiva, M.; Godinho, C.A.; Tourais, B.; Cavalheiro, B.; Garrido, M.V. Parental perceptions and practices regarding
sugar intake by school-aged children: A qualitative study with Portuguese parents. Appetite 2021, 105471. [CrossRef] [PubMed]

26. Miller, C.; Braunack-Mayer, A.; Wakefield, M.; Roder, D.; O’Dea, K.; Dono, J.; Ettridge, K. “When we were young, it really was a
treat; now sugar is just the norm every day”—A qualitative study of parents’ and young adults’ perceptions and consumption of
sugary drinks. Health Promot. J. Austr. 2020, 31, 47–57. [CrossRef] [PubMed]

27. Del-Ponte, B.; Anselmi, L.; Assunção, M.C.F.; Tovo-Rodrigues, L.; Munhoz, T.N.; Matijasevich, A.; Rohde, L.A.; Santos, I.S. Sugar
consumption and attention-deficit/hyperactivity disorder (ADHD): A birth cohort study. J. Affect. Disord. 2019, 243, 290–296.
[CrossRef]

28. Miller, C.; Ettridge, K.; Wakefield, M.; Pettigrew, S.; Coveney, J.; Roder, D.; Durkin, S.; Wittert, G.; Martin, J.; Dono, J. An in-depth
exploration of knowledge and beliefs associated with soda and diet soda consumption. Nutrients 2020, 12, 2841. [CrossRef]

29. Park, S.; Lundeen, E.A.; Pan, L.; Blanck, H.M. Impact of knowledge of health conditions on sugar-sweetened beverage intake
varies among US adults. Am. J. Health Promot. 2018, 32, 1402–1408. [CrossRef]

30. Park, S.; Ayala, G.X.; Sharkey, J.R.; Blanck, H.M. Knowledge of health conditions associated with sugar-sweetened beverage
intake is low among US Hispanic adults. Am. J. Health Promot. 2019, 33, 39–47. [CrossRef]

31. Brownbill, A.L.; Braunack-Mayer, A.J.; Miller, C.L. What makes a beverage healthy? A qualitative study of young adults’
conceptualisation of sugar-containing beverage healthfulness. Appetite 2020, 150, 104675. [CrossRef]

32. Munsell, C.R.; Harris, J.L.; Sarda, V.; Schwartz, M.B. Parents’ beliefs about the healthfulness of sugary drink options: Opportunities
to address misperceptions. Public Health Nutr. 2016, 19, 46–54. [CrossRef]

33. Prada, M.; Saraiva, M.; Garrido, M.V.; Rodrigues, D.L.; Lopes, D. Knowledge about sugar sources and sugar intake guidelines in
Portuguese consumers. Nutrients 2020, 12, 3888. [CrossRef]

34. Tierney, M.; Gallagher, A.M.; Giotis, E.S.; Pentieva, K. An online survey on consumer knowledge and understanding of added
sugars. Nutrients 2017, 9, 37. [CrossRef]

35. Grimes, C.A.; Riddell, L.J.; Nowson, C.A. Consumer knowledge and attitudes to salt intake and labelled salt information. Appetite
2009, 53, 189–194. [CrossRef] [PubMed]

36. Faul, F.; Erdfelder, E.; Lang, A.-G.; Buchner, A. G*Power 3: A flexible statistical power analysis program for the social, behavioral,
and biomedical sciences. Behav. Res. Methods 2007, 39, 175–191. [CrossRef] [PubMed]

37. Kasper, D.L.; Fauci, A.S.; Hauser, S.L.; Longo, D.L.; Jameson, J.L.; Loscalzo, J. Harrison’s Principles of Internal Medicine, 19th ed.;
McGraw-Hill Education: New York, NY, USA, 2015.

38. WHO. International Statistical Classification of Diseases and Related Health Problems; World Health Organization: Geneva, Switzer-
land, 2018.

39. Miller, A.N.; Bharathan, A.; Duvuuri, V.N.S.; Navas, V.; Luceno, L.; Zraick, R.; Atmakuri, S.; Schmidt-Owens, M.; Deichen, M.;
Ayers, T.; et al. Use of seven types of medical jargon by male and female primary care providers at a university health center.
Patient Educ. Couns. 2021. [CrossRef] [PubMed]

40. Rowlands, G.; Protheroe, J.; Price, H.; Gann, B.; Rafi, I. Health Literacy: Report from an RCGP-Led Health Literacy Workshop; Royal
College of General Practitioners: London, UK, 2014.

41. DiNicolantonio, J.J.; Bhutani, J.; O’Keefe, J.H. Added sugars drive chronic kidney disease and its consequences: A comprehensive
review. J. Insul. Resist. 2016, 1, 6. [CrossRef]

42. Behrens, D.; Lear, J.G. Strengthening children’s oral health: Views from the field. Health Aff. 2011, 30, 2208–2213. [CrossRef]

http://doi.org/10.1093/eurpub/ckaa147
http://doi.org/10.1159/000491556
http://doi.org/10.1017/S1368980020002165
http://doi.org/10.1016/j.appet.2020.105059
http://www.ncbi.nlm.nih.gov/pubmed/33271200
http://doi.org/10.1016/j.appet.2021.105471
http://www.ncbi.nlm.nih.gov/pubmed/34147567
http://doi.org/10.1002/hpja.257
http://www.ncbi.nlm.nih.gov/pubmed/31074907
http://doi.org/10.1016/j.jad.2018.09.051
http://doi.org/10.3390/nu12092841
http://doi.org/10.1177/0890117117717381
http://doi.org/10.1177/0890117118774206
http://doi.org/10.1016/j.appet.2020.104675
http://doi.org/10.1017/S1368980015000397
http://doi.org/10.3390/nu12123888
http://doi.org/10.3390/nu9010037
http://doi.org/10.1016/j.appet.2009.06.007
http://www.ncbi.nlm.nih.gov/pubmed/19540891
http://doi.org/10.3758/BF03193146
http://www.ncbi.nlm.nih.gov/pubmed/17695343
http://doi.org/10.1016/j.pec.2021.08.018
http://www.ncbi.nlm.nih.gov/pubmed/34489148
http://doi.org/10.4102/jir.v1i1.3
http://doi.org/10.1377/hlthaff.2011.0815


Nutrients 2022, 14, 640 13 of 13

43. Peres, M.A.; Macpherson, L.M.D.; Weyant, R.J.; Daly, B.; Venturelli, R.; Mathur, M.R.; Listl, S.; Celeste, R.K.; Guarnizo-Herreño,
C.C.; Kearns, C.; et al. Oral diseases: A global public health challenge. Lancet 2019, 394, 249–260. [CrossRef]

44. WHO. Diet and Oral Health; World Health Organization Regional Office for Europe: Copenhagen, Denmark, 2018.
45. Krummel, D.A.; Seligson, F.H.; Guthrie, H.A.; Gans, D.D.A. Hyperactivity: Is candy causal? Crit. Rev. Food Sci. Nutr. 1996, 36,

31–47. [CrossRef]
46. Andreeva, V.A.; Salanave, B.; Castetbon, K.; Deschamps, V.; Vernay, M.; Kesse-Guyot, E.; Hercberg, S. Comparison of the

sociodemographic characteristics of the large nutrinet-santé e-cohort with French census data: The issue of volunteer bias
revisited. J. Epidemiol. Community Health 2015, 69, 893–898. [CrossRef]

47. Ball, L.; Leveritt, M.; Cass, S.; Chaboyer, W. Effect of nutrition care provided by primary health professionals on adults’ dietary
behaviours: A systematic review. Fam. Pract. 2015, 32, 605–617. [CrossRef]

48. VanFrank, B.K.; Park, S.; Foltz, J.L.; McGuire, L.C.; Harris, D.M. Physician characteristics associated with sugar-sweetened
beverage counseling practices. Am. J. Health Promot. 2018, 32, 1365–1374. [CrossRef] [PubMed]

49. Weinstein, N.D. Unrealistic optimism about future life events. J. Pers. Soc. Psychol. 1980, 39, 806–820. [CrossRef]
50. Dono, J.; Ettridge, K.A.; Wakefield, M.; Pettigrew, S.; Coveney, J.; Roder, D.; Durkin, S.; Wittert, G.; Martin, J.; Miller, C.L.

Intentions to reduce sugar-sweetened beverage consumption: The importance of perceived susceptibility to health risks. Public
Health Nutr. 2021, 1–10. [CrossRef] [PubMed]

http://doi.org/10.1016/S0140-6736(19)31146-8
http://doi.org/10.1080/10408399609527717
http://doi.org/10.1136/jech-2014-205263
http://doi.org/10.1093/fampra/cmv067
http://doi.org/10.1177/0890117116680472
http://www.ncbi.nlm.nih.gov/pubmed/27956472
http://doi.org/10.1037/0022-3514.39.5.806
http://doi.org/10.1017/S1368980021000239
http://www.ncbi.nlm.nih.gov/pubmed/33472724

	Introduction 
	Method 
	Participants 
	Procedure and Instruments 
	Data Analytic Plan 

	Results 
	Excessive Sugar Intake and Health Conditions: Spontaneous Associations 
	Excessive Sugar Intake and Health Conditions: Ratings of Strength of Association 
	Correlations 

	Discussion 
	Conclusions 
	References

