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Abstract

Keywords

Objectives. To evaluate the association between knowledge, attitudes, and behavior (KAB) towards sodium
use and sodium intake measured by 24-hour urinary collection in an adult cohort from Uruguay (Genotype
Phenotype and Environment of Hypertension Study, GEFA-HT-UY).

Methods. In a cross-sectional study (n = 159), a single 24-hour urinary sample, participants' physical, bio-
chemical and blood pressure measurements and questionnaire data were collected. The association between
KAB and 24-hour urinary sodium excretion was assessed using general linear models.

Results. Mean age of participants was 49.8+15.5 years, 67.9% were women, and mean 24-hour urinary
sodium excretion was 3.6+1.7 g/day. Although 90.6% of participants exceeded the maximum recommended
intake as indicated by urinary sodium excretion, more than half misperceived their actual intake, reporting
consuming “the right amount.” Almost three-quarters of the participants reported being concerned about the
amount of sodium in their diet, but only 52.8% reported taking action to control it. Lack of procedural knowl-
edge was observed. There was no association between KAB and sodium use and intake assessed by 24-hour
urinary sodium excretion.

Conclusions. The lack of association between KAB towards the use of sodium and intake measured by
24-hour urinary excretion reflects the need to support people with opportunities and motivations to reduce
sodium consumption. Structural actions to promote an adequate food environment, such as the effective
implementation of the front-of-package nutrition labeling in Uruguay, are positive steps.

Knowledge; attitude; sodium; sodium chloride; sodium, dietary; population characteristics; Uruguay.

Consumption habits in general, and diet in particular, are
complex processes. The Pan American Health Organization
(PAHO), together with the World Health Organization (WHO),
has recommended initiatives (1) to achieve a 30% reduction in
mean population intake of sodium as part of the WHO 2025
global target for reduction in cardiovascular disease and other
diet-related noncommunicable diseases (NCDs). In Uruguay,

the prevalence of NCDs is high, and 39% of the adult popula-
tion has hypertension (2). As part of the 2030 National Health
Objectives, Uruguay is planning on setting the target of reduc-
ing 40% of sodium population intake (3). These initiatives focus
on the individual (health education) and food environments,
such as nutrition labeling and food reformulation in agree-
ment with industry (4). With the increase in non-discretionary,
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"hidden" sodium sources particularly in processed foods and
foods prepared out, people have less individual control over
their intake; therefore, structural changes are also important.
Moreover, salt added while cooking or at the table (discretion-
ary salt) is also important, therefore actions are required at all
levels. In addition, for people to effectively reduce sodium use,
choose lower sodium products, or reduce their frequency of
consumption, they must be motivated to do so (5).

Despite strategies implemented worldwide (consumer
education, nutrition labeling, food reformulation) to help con-
trol sodium intake (4), sodium consumption has remained
unchanged in recent decades (6). While many of these strategies
can be implemented across the board, population-specific plan-
ning is suggested (7). It is necessary to generate information on
basal sodium intake and knowledge, attitudes, and behavior
(KAB) towards salt use, as these are mediating and modifiable
factors that influence sodium use behavior (8). Globally (9) and
in the Americas (10), public knowledge on the upper limits of
salt consumption is limited.

Several strategies have been implemented in Uruguay to
reduce sodium consumption. The recently implemented com-
pulsorily front-of-package nutrition labeling (Decree N°272/18.
Uruguay; 2018) has shown, immediately after full compliance
with the policy by the food industry, higher citizens’ aware-
ness and self-reported use of nutritional warnings as well as
increased ability to interpret nutritional information (11). Pre-
viously, a ban on saltshakers in schools around the country
(Law N° 19.140. Uruguay; 2013) and a campaign to voluntary
reduce sodium content in bread and bakery products (12) were
implemented. In the capital Montevideo, the ban on saltshakers
offered to the public in restaurants and bars (Decree N°34.952,
Uruguay 2013) was implemented, along with public awareness
campaigns (13) during the yearly salt awareness week. How-
ever, there is no previous assessment of KAB towards salt use in
Uruguay. Some studies worldwide that have evaluated the rela-
tionship between sodium intake measured by 24-hour urinary
excretion and KAB have not shown a significant association
(14-16), suggesting that acting only on KAB at the individual
level would not be sufficient to achieve the health objectives of
reducing consumption. A description of KAB towards sodium
use in a local population sample could provide insights and
practical information into what strategies to reduce sodium
intake could be more efficient. This study aimed to generate
quantitative information on KAB towards sodium use in an
adult cohort from Uruguay (GEFA-HT-UY) and evaluate its
association with sodium intake measured by 24-hour urinary
collection.

METHODS
Study design

The Genotype Phenotype and Environment of Hyperten-
sion in Uruguay Study (GEFA-HT-UY) is a prospective cohort
with a sample of 572 participants that began randomly recruit-
ing participants older than 18 years in an urban defined area
approximately 10 km from downtown Montevideo in April
2012. Participants were invited by telephone and home visits.
No exclusion was done based on illness or use of medications.
In a health center located within the neighborhood, the pur-
pose of the study was explained and the questionnaire and
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examinations were undertaken. For the present analysis, preg-
nant women were excluded. From 2016 until March 2019,
information regarding KAB has been collected in the baseline
cohort. For the present analysis, only the participants who had
KAB information on sodium intake (n = 307) were included.
Thirty-nine participants who had not collected 24-hour urine
were excluded from this analysis. Finally, after validation of
urine collection according to established criteria (17), 159 par-
ticipants were included in the analysis (Figure 1). Based on
Moliterno et al. 2018 (18), we estimated that with our sample
size of n = 159, the minimum detectable difference in estimated
daily salt intake between two subgroups would be 1.5 g/day
with 80% statistical power and 95% two-sided significance.

Assessment of knowledge, attitudes and behavior
towards the use of sodium

Knowledge, attitudes, and behavior were assessed using a
self-administered face-to-face paper questionnaire from the
Pan American Health Organization/World Health Organiza-
tion (PAHO/WHO) standardized protocol in Spanish (12). The
original questions regarding consumer preferences concerning
labeling warnings in food (salt, sodium, both, warning labels,
absolute amount, percentage) (12) were substituted with those
related to examples of actions to control sodium consumption
(19), according to the objectives of this study. The latter was
originally in English, so these questions were translated to
Spanish. The questionnaire was then pilot-tested on a sample
of 10 individuals before applying it (final tool in Spanish is
available upon request and prior evaluation). Thus, the KAB
questionnaire included 19 questions, to respond to the three
constructs proposed (4 questions to describe the knowledge,
8 to describe attitudes, and 7 to describe behavior). To assess
knowledge about sodium consumption, maximum recom-
mended intake, and the possible health effects associated with
high sodium consumption were considered. The attitude was
evaluated by inquiring about the perception of consumption
and the importance attributed to limiting consumption. Behav-
ior was assessed by discretional use of salt (use of salt while
cooking or at the table before eating) and by taking the initiative
to control consumption. Participants responded on a variety of
different Likert scales, such as “practically never, seldom, some-
times, often, most of the time”, “yes, no”, and “too much, just
the right amount, not enough”. “Double-discretionary” use of
salt was considered to be both the use of salt while cooking and
at the table before eating.

24-hour urinary collection

All participants were asked to collect a 24-hour urinary sam-
ple, following the protocol study (18) and validation criteria (17)
to avoid over and under urinary collections. All participants
were instructed (using cartographic and written instructions)
to collect a 24-hour urine sample using a wide-neck bottle and
were requested to report the first and last urination times. Urine
samples could be collected during working days or at weekends.
The sample was considered valid when the collection length
was at least 18 hours, the urinary volume was > 499 mL/day,
and the expected-to-observed 24-hour creatinine ratio was > 0.6.

Urinary metabolite and total urine volume values were cor-
rected to 24 hours. Finally, after applying the criteria above, of
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268 individuals who had 24-hour urine collections, only 159
participants had valid collections (59.3%). Subjects who cor-
rectly performed the 24-hour urinary collection and those who
did not only differ in that the former had a lower percentage
of participants with less than 9 years of formal education (58.5
and 70.6%) and; a lower percentage of hypertension (30 and
47.7%) and diabetes (8.2 and 18.4%); were younger (49.8+15.5
and 58.4+15.4 years); had lower body mass index (28.7+5.4 and
30.9+7.2 kg/m?), waist/height ratio (0.58+0.08 and 0.60+0.11)
and higher estimated glomerular filtration rate (96.4+19.1
and 91.7+19.9 mL/min/1.73 m? respectively) (p < 0.05). The
24-hour urinary sodium and potassium excretion values were
used as surrogates for the daily intake of these minerals (20).
The sodium to potassium ratio was computed as sodium (g/
day) divided by potassium (g/day).

Laboratory analysis

Urinary sodium and potassium concentrations were deter-
mined using the ion-selective electrode method (Cobas-6000,
Roche, Mannheim, Germany). Daily urinary sodium, potas-
sium, and creatinine excretion were calculated as the product of
urine metabolite concentration by urine volume. The glomeru-
lar filtration rate (eGFR) was estimated from the Chronic Kidney
Disease Epidemiology Collaboration equation. Blood samples
were obtained by trained technicians in the morning after 12
hours of fasting for biochemical analysis of lipids and fasting
glucose, using Cobas-6000 (Roche, Mannheim, Germany).

Assessment of other variables

Information regarding demographic characteristics, includ-
ing sex, age and years of formal education, was obtained,
along with consumption of alcohol, current use of cigarettes
for smoking, and physical activity. Using standard protocols
and techniques, trained technicians measured body height,
body weight, and waist circumference (WC). Body mass index
(BMI) was calculated as weight (kg) divided by square height
(m?) and classified as normal, overweight and obesity (< 24.9;
25.0-29.9; 230 kg/m?). The waist-to-height ratio was calculated
as WC (cm) divided by height (cm). Blood pressure (BP) mea-
surements were determined by auscultatory technique using
mercury sphygmomanometers and following the European
Guidelines (21). Five consecutive BP readings were obtained
at intervals of 30 to 60 seconds (phase I systolic pressure and
phase V diastolic pressure) with an accuracy of 2 mm Hg, using
the average of the 5 BP readings for analysis. We adopted the
complete classification of hypertension according to European
and regional Guidelines, as a systolic BP (SBP) > 140 mm Hg
and or diastolic BP (DBP) > 90 mm Hg or the use of antihyper-
tensive drugs (21,22).

Statistical analysis

Continuous variables were expressed as means =+ standard
deviation (SD), and categorical variables as whole numbers and
proportions. The Kolmogorov-Smirnov test was used to assess
the normality of distribution of investigated variables. The par-
ticipants' general characteristics were described according to
sex and education (< 9/ > 9 years). KAB toward sodium use was
assessed by sex, BMI categories, age categories (considering
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FIGURE 1. Flow chart of study participants

Total participants of GEFA-HT-UY study: 572

265 excluded due to lack of information on
— knowledge, attitudes, and behavior towards
the use of salt

y

307 with information on knowledge, attitudes,
and behavior towards the use of salt

— 39 excluded due to lack of 24-hour urinary
collection
y

268 with 24-hour urinary collection

109 excluded due to unreliable urine collection:
—— 12 due to urinary collection length < 18 hours
3 due to urinary volume < 499 mL/day

94 due to expected-to-observed 24-hour
creatinine ratio < 0.6

A

159 participants for this sub-study

Source: The authors based on these results and published data GEFA-HT-UY, Genotype Phenotype and
Environment of Hypertension in Uruguay Study.

tertiles; < 40/ > 40 < 57/ > 57 years), and education (< 9/ > 9
years). The Chi-square (or Fisher) test was used to assess differ-
ences in proportions. Means were compared using a Student’s
t-test or Mann-Whitney test as appropriate. Significance of
trends were tested using general lineal models.

The association between KAB toward sodium use and
24-hour urinary sodium excretion was assessed using general
linear models to include categorical and continuous variables,
and marginal means were reported. Adjustments in the models
were made for variables that showed a significant association
with urinary sodium excretion (sex, age, and BMI).

All analyses were performed with SAS version 9.4 software
(SAS Institute, Cary, NC, United States), considering the statis-
tical significance of a value of p < 0.05.

This study has been conducted under guidelines defined in
the Declaration of Helsinki and the study protocol approved
by the ethics committee of the University Hospital (Hospital
de Clinicas, Dr. Manuel Quintela, Universidad de la Reptblica,
Uruguay). Participants gave informed written consent and data
was treated anonymous.

RESULTS
Characteristics of participants

The analysis included 108 women (67.9%). The mean age was
49.8+15.5 years (range: 20.3-88.6 years). Of the 159 participants,
93 (58.5%) had less than 9 years of formal education, 48 (30.2%)
were hypertensive, 13 (8.2%) had diabetes, 37 (25%) were cur-
rent smokers, and 55 (37.2%) reported drinking alcohol at least
once a week. Of the hypertensive subjects, 35 (72.9%) received
antihypertensive treatment. The mean BMI of the participants
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was 28.7+5.4 kg/m?, the waist-to-height ratio was 0.58+0.08,
fasting glycemia was 96.4+19.2 mg/dL, total cholesterol was
206.1+38.9 mg/dL, and eGFR was 96.4+19.1 mL/min/1.73m?.
Mean SBP/DBP was 124.0+24.4/79.2+8.9 mm Hg. A lower
proportion of women reported regular alcohol drinking (p =
0.0015) compared to men. Women had lower urinary sodium
(p = 0.0025) and potassium (p = 0.039) excretion (Table 1).
When urinary sodium excretion was adjusted for body weight,
no differences were found according to sex (p = 0.20). When
characteristics of the participants were assessed according to
educational level, in the group with fewer years of education,
the proportion of participants with overweight and obesity
and older age (p < 0.05) were significantly higher, compared
with the group with more years of education. Participants less
educated had higher DBP (p = 0.019), waist-to-height ratio (p =
0.028) and lower eGFR (p = 0.040) compared to the group with
more than 9 years of education (a table is available to interested
readers upon request to the correspondence author).

Urinary sodium and potassium excretion

Overall 24-hour urinary sodium excretion was 3.6+1.7 g/
day (9.1+4.2 g/day of salt). Urinary sodium excretion (prior to
adjustment for body weight) was significantly higher among
those with elevated waist-to-height ratio (p = 0.0003). Urinary
sodium excretion was positively associated with BMI (p =
0.010) and negatively associated with age (p = 0.021) (Table 2).
No significant association was found between educational level
and urinary sodium excretion (p = 0.21) (a table is available to
interested readers upon request to the correspondence author).

Sodium excretion was greater than 2.0 g/day in 90.6% of the
participants. There were no differences according to partici-
pants’ educational level, BP, BMI categories, waist/height ratio
and whether they met the WHO sodium intake recommen-
dation of less than 2.0 g/day. The urinary sodium/potassium
ratio, urinary potassium excretion, urinary sodium excretion
adjusted to body weight, and eGFR were significantly higher
in the group of individuals with sodium intakes greater than
2.0 g/day, compared to those within the recommendation (p<
0.021) (a table is available to interested readers upon request to
the correspondence author).

Opverall potassium excretion in 24-hour urine was 2.2+0.81 g/
day; significantly higher in men than in women (p = 0.039) and
among those with high waist/height ratio (p = 0.0043). There
was a tendency for higher urinary potassium excretion with
higher BMI, although this was not statistically significant (p =
0.055). No significant associations were found with the rest of
the variables studied (p > 0.05) (see Table 2).

Knowledge, attitudes, and behavior toward sodium
use

Seventy-three percent of the participants stated good health.
88.1% of participants identified that a diet high in sodium could
cause health problems, with most participants (92.1%) report-
ing the link with elevated BP (Tables 3 and 4). 79.8% stated
that there is currently too much pressure to eat healthily. While
67.9% of individuals stated consuming the “right amount” of
sodium, only 6.3% of participants identified the recommenda-
tion for a maximum sodium intake for the population (< 2 g/
day).
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TABLE 1. General characteristics of the participants according
to sex

Variable

Education < 9 years, n (%) 62 (57.4) 31(60.8) 0.69
Current smokers, 11 (%) 29 (29.3) 8(16.3) 0.087
Alcohol use, n (%) 28 (28.3) 7 (55.1) 0.0015
Hypertension, n (%) 34 (31.5) 4 (27.5) 0.61
On antihypertensive drugs® 25 (73.5) 10 (71.4) 0.99
Diabetes, n (%) 8 (7.4) 5(9.8) 0.61
Age, (years)® 49.5+£15.3 50.4+16.0 0.71
BMI (kg/m?)° 28.65.7 28.7+4.8 0.94
Waist/height ratio® 0.57+0.08 0.59+0.07 0.24
Systolic BP (mm Hg)° 122.4£15.8 127.6+36.4 0.33
Diastolic BP (mm Hg)® 78.9£9.2 80.0+8.4 0.44
UNa (g/day)° 3.3+1.4 4.3+2.0 0.0025
UNa-P (g/kg/day)° 0.046+0.017 0.050+0.021 0.20
UK (g/day)e 2.1:0.72 2.4+0.95 0.039
Ratio UNa/UK® 1.68+0.69 1.90+0.81 0.068
Urinary volume (L/24-h)¢ 1.62+0.61 1.82+0.70 0.071
Fasting glucose (mg/dL)® 94.0:21.8 101.5£32.0 0.13
Total cholesterol (mg/dL)° 207.8+42.0 202.5+31.4 0.38
TG/HDLe ratio® 2.75+¢2.18 4.53+7.50 0.10
eGFR (mL/min/1.73 m?) 96.9+19.5 95.3+18.4 0.62

Chi-square test, Student’s t-test or Mann-Whitney test as appropriate. ¢ p-value for the difference according to sex.”
0Of the hypertensive participants. ¢ Mean values + SD.

BMI: body mass index; BP: blood pressure; UNa: urinary sodium excretion; UNa-P urinary sodium excretion
adjusted for body weight; UK urinary potassium excretion; TG/HDLc Triglycerides/high-density lipoproteins
cholesterol ratio; eGFR: Estimated glomerular filtration rate, derived from the Chronic Kidney Disease Epidemiology
Collaboration equation. Current smokers were considered those who declared current use of cigarettes for
smoking. Alcohol use was considered if participants reported currently drinking alcohol at least once a week.
Hypertension was defined as BP of at least 140 mm Hg systolic or 90 mm Hg diastolic or use of antihypertensive
drugs. Diabetes was defined as self-reported diagnosis, a fasting plasma glucose of 126 mg/dL or higher or use of
antidiabetic drugs.

Source: The authors based on these results and published data.

Almost all the participants (99.4%) reported not knowing
the difference between sodium and salt, and 59.8% stated
they could generally identify sodium content in foods. Almost
three-quarters (73%) of the participants reported that con-
trolling their sodium intake was important, but 52.8% reported
taking actions in their daily routine to control their sodium
intake. Among those who reported taking action, more than
three-quarters reported doing so by avoiding the consumption
of processed products (79.8%) and using herbs and spices to
season food (78.7%). A total of 80.5% of the participants stated
that they were trying to follow a healthy diet daily.

Regarding the use of sodium, 9.4% of the participants
reported adding salt at the table just before eating, while 71.7%
reported adding it regularly when cooking or preparing food.
In general, most participants (91.8%) did not report double-dis-
cretionary use of salt.

There were differences in KAB by sex, age, BMI and educa-
tional level (Table 3). Identification of recommendation for a
maximum daily sodium intake and the use of herbs and spices
when cooking was more common among women, while the
frequency of men perceiving themselves to be in good health
was higher (p < 0.03) than women. Older participants reported
more frequently consuming what they perceived to be an insuf-
ficient amount of sodium, and controlling sodium intake was
important for their health (p < 0.05). The statement of taking
actions daily to decrease sodium intake increased with age (p
< 0.005). The higher the BMI category, the higher the frequency
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of individuals not identifying the daily sodium intake recom-
mendation (p = 0.022). Perceiving oneself to be in good health
was more common among individuals with lower BMI com-
pared to those with higher (p = 0.007), and among individuals
with higher educational levels than those with lower (p < 0.04).
Adding salt at the table just before eating and double-discre-
tionary use of salt were less common among individuals with
higher BMI (p < 0.05). There were no associations between KAB
toward sodium use and 24-hour urinary sodium excretion in
models adjusted for sex, age, and BMI (Table 4).

DISCUSSION

In this cross-sectional study conducted in Uruguayan adults,
no associations were found between KAB toward sodium use
and 24-hour urinary sodium excretion. This is the first study
examining KAB with actual sodium intake at the local level.

A high proportion of individuals recognized that a diet high
in sodium could cause serious health problems. However, less
than 10% of the participants identified the maximum recom-
mended intake level for the population. These results agree
with others published in the Americas (10) and globally (9).
This could reflect the acquisition of knowledge by the popula-
tion regarding general aspects of the effect of excessive sodium
consumption and health due to strategies implemented in
Uruguay in recent years (13). However, the lack of knowledge
about specific aspects, such as the maximum consumption rec-
ommendation, highlights the need for greater dissemination of
knowledge (9), an essential element for improving habits (23).
Only approximately 1 in 7 considered consuming “too much”
salt. However, the proportion of individuals with intakes above
the WHO recommendation for a maximum sodium intake was
90.6%. In turn, no differences in sodium intake measured in
24-hour urine were observed among participants who consid-
ered that they consumed “too much”, “just the right amount”,
or “not enough” sodium.

The observed altered perception of sodium intake, which is
consistent with previous findings from South America, Brazil,
Germany, Austria, United States of America, Hungary, India,
China, South Africa, Australia, Canada, the Baltics, Barbados,
Croatia, Greece, Ireland, New Zealand, South Korea, and the
UK (7,9), hints at the difficulty of individuals to effectively con-
trol their intake, in part linked to the difficulty of measuring
discretionary salt use and the presence of “hidden” sodium in
processed foods (24). Forty percent of the participants reported
not knowing the sodium content of foods, which could suggest
a lack of procedural knowledge (“how to do”) in identifying
foods with high/low sodium content or in monitoring their
consumption (25,26). In turn, even though almost three-quar-
ters stated that controlling sodium intake was important for
their health, only slightly more than half reported taking actions
to control it, which demonstrates the complexity involved in
behavior change and the multiplicity of factors involved (23).
In this sense, individuals' perception of risk may affect their
motivation to reduce sodium consumption (27). Possibly, if
individuals perceive that their sodium intake exceeds the rec-
ommendation, they would be more likely to take action to
control it (28).

As in other studies from India and Malaysia (14,16), no dif-
ferences were found in sodium consumption among those
who stated that reducing sodium consumption was important

Original research

TABLE 2. 24-hour urinary sodium and potassium excretion
according to study variables

Variable? UNa (g/day) p° UK (g/day) p°
Hypertension
Yes 3.6+1.6 0.83 2.3+0.70 0.43
No 3.6+1.7 2.1+0.86
Diabetes
Yes 3.6+1.3 0.97 2.4+0.75 0.40
No 3.6+1.7 2.2+0.82
Age (years)
<40 4121 0.021 2.2+1.00 0.83
>40<57 3.6+1.4 2.1£0.75
> 57 3.2+1.3 2.2+0.66
BMI (kg/m?)
Normal 3.0+1.4 0.010 1.9+0.71 0.055
Overweight 3.7+1.3 2.2£0.77
Obesity 4.0£2.0 2.3+0.90
Waist/height ratio
High 3.8+1.7 0.0003 2.3+0.81 0.0043
Normal 2.60.72 1.8+0.69
eGFR (mL/min/1.73 m?)
<60 (mL/min/1.73 m?) 3.0£1.2 0.31 24113 0.40
> 60 (mL/min/1.73 m?) 3.7+1.7 2.2+0.80

#Mean values + SD. ® p-value for trend using general lineal models. UNa urinary sodium excretion; UK urinary
potassium excretion; Hypertension was defined as blood pressure of at least 140 mm Hg systolic or 90 mm Hg
diastolic or use of antihypertensive drugs. Diabetes was defined as self-reported diagnosis, a fasting plasma
glucose of 126 mg/dL or higher or use of antidiabetic drugs. BMI: body mass index (the underweight category
was not considered as there were no participants with BMI < 18.5 kg/m?). High waist-to-height ratio was defined
as > 0.5. eGFR: Estimated glomerular filtration rate, derived from the Chronic Kidney Disease Epidemiology
Collaboration equation.

Source: The authors based on these results and published data.

compared to those who did not consider it important. In turn,
it was more common among older participants to attribute
importance to controlling sodium consumption and taking
daily actions to control it, which was reflected in a urinary
sodium excretion of approximately 0.9 g/day lower than that of
younger participants. Age could be a characteristic that medi-
ates risk perception and health decision-making, ultimately
affecting the motivation to seek behavioral change. Young par-
ticipants may be basing their consumption decisions without
considering the possible adverse effect of excessive sodium
consumption, despite reporting knowledge of the negative
health impact. Although the presence of comorbidity could
influence this relationship, no differences in sodium consump-
tion were observed according to the presence of hypertension
or diabetes. Participants with excessive body weight had higher
urinary sodium excretion than those with normal body weight.
This could be related to a higher total energy intake and thus
a higher sodium intake. Sodium is found in various foods and
is strongly correlated with energy intake (24). Reduced energy
intake with advancing age could also explain the lower urinary
sodium excretion in older participants. Although the education
of individuals could influence the level of knowledge regarding
healthy dietary practices, including control in sodium use (8), in
this study, no differences were observed between KAB toward
sodium use and level of education.

Although, in general, participants recognized health problems
associated with excessive sodium intake, sodium consumption
measured by the gold standard method was high. Likewise, no
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TABLE 4. 24-hour urinary sodium excretion according to knowledge, attitudes and salt-related behavior

Variable . Sodium Salt intake

intake (g/day) (g/day)
Knowledge
Maximum daily amount of salt recommended
Lessthan 10 g 4(2.5) <0.0001 5.1:0.8 12.7+2.0 0.31
Less than 8 g 4(2.5) 3.2:0.8 8.1+1.9
Lessthan 5 g 10 (6.3) 3.10.5 7.7¢1.3
Lessthan2 g 19 (12.0) 3.8:04 9.6+0.9
Don’t know 122 (76.7) 3.7+0.2 9.3+0.4
Do you think that a high salt intake could cause health problems?
Agree 140 (88.1) <0.0001 3.7+0.1 9.3:0.3 0.44
Do not agree 19 (12.0) 4.0£0.4 10.0+0.9
If yes, what problems?
High blood pressure
Yes 129 (92.1) <0.0001 3.6+0.1 9.1+0.4 0.48
No 11(7.9) 4.0£0.5 10.0+1.1
Heart attacks
Yes 16 (11.4) <0.0001 3.4+0.4 8.5+0.9 0.39
No 124 (88.6) 3.7+0.1 9.3:0.3
Osteoporosis
Yes 46 (32.9) <0.0001 3.4+0.2 8.4+0.5 0.07
No 94 (67.1) 3.8+1.2 9.6+0.4
Stroke
Yes 10 (7.1) <0.0001 3.6+0.5 8.9+1.2 078
No 130 (92.9) 3.7+0.1 9.2+0.3
Stomach cancer
Yes 42 (30.0) <0.0001 3.5+0.2 8.7+0.6 0.28
No 98 (70.0) 3.8+0.2 9.4+0.4
Kidney stones
Yes 2(1.4) <0.0001 3.0+1.0 7.5¢2.6 0.49
No 138 (98.6) 3.70.1 9.2+0.3
Attitude
Knowledge of salt content in foods
Yes 95 (59.8) 0.014 3.7+0.2 9.3:0.4 0.90
No 64 (40.3) 3.8+0.2 9.4+0.5
How much salt do you think you consume?
Too much 22 (13.8) <0.0001 3.8+0.3 9.4+0.8 0.99
Just the right amount 108 (67.9) 3.8+0.2 9.4:0.4
Not enough 29 (18.2) 3.7£0.3 9.3:0.7
How important to you is lowering salt in your diet?
Very important 116 (73.0) <0.0001 3.8+0.2 9.4:0.4 0.89
Not important 42 (27.0) 3.7+0.2 9.3:0.6
| try to eat a healthy diet daily
Agree 128 (80.5) <0.0001 3.5+0.1 8.8+0.3 0.07
Do not agree 31 (19.5) 41+0.3 10.2+0.7
Perceive oneself to be in good health?
Agree 116 (73.0) <0.0001 3.6+0.1 9.0:0.4 0.7
Do not agree 43 (27.0) 3.7+0.2 9.3+0.6
Behavior
How often you add salt to food when cooking or preparing food?
Most of the times 114 (71.7) <0.0001 3.8:0.2 9.4:0.4 0.87
Sometimes 20 (12.6) 3.6+0.4 9.0+0.9
Never 25 (15.7) 3.8+0.3 9.6+0.8

(continued)
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TABLE 4. 24-hour urinary sodium excretion according to knowledge, attitudes and salt-related behavior (continued)

Variable

Salt intake
(g/day)

Sodium
intake (g/day)

How often you add salt to food at the table?

Most of the times 15 (9.4) <0.0001 3.2:0.4 7.9£1.0 0.064
Sometimes 26 (16.4) 4.3:0.3 10.820.8

Never 118 (74.2) 3.7+0.2 9.3:0.4

Double-discretionary use of salt (when cooking and at the table)

Yes 13 (8.2) <0.0001 3.2:0.4 7.9+1.1 017
No 146 (91.8) 3.8+0.1 9.5:0.3

Take regular action to control your salt intake?

Yes 84 (52.8) 0.48 3.6+0.2 9.0:0.4 0.94
No 75 (47.2) 3.6+0.2 9.1:0.5

If yes, what do you do?

Avoid consumption of processed foods

Yes 67 (79.8) <0.0001 3.4+0.2 8.4:0.4 0.15
No 17 (20.2) 3.9:0.3 9.8+0.9

Check labels for sodium level

Yes 56 (66.7) 0.0023 3.5+0.2 8.8:0.5 0.86
No 28 (33.3) 3.4+0.3 8.6+0.7

Buy low-sodium

alternatives

Yes 50 (59.5) 0.08 3.4+0.2 8.4+0.5 0.40
No 34 (40.5) 3.6+0.2 9.1:0.6

Use spices and herbs

other than salt

Yes 66 (78.7) <0.0001 3.6+0.2 9.1:0.4 0.09
No 18 (21.4) 2.9+0.3 7.4+0.9

Avoid eating out

Yes 61 (72.6) <0.0001 3.4+0.2 8.6+0.5 0.53
No 23 (27.4) 3.6+0.3 9.1:0.7

Chi-square test. @ p-value for the difference in the frequency of response. General linear models. ® Models were adjusted for sex (female, male), body mass index (normal, overweight, obesity) and age. ¢ Many answers were possible.

Source: The authors based on these results and published data.

associations were found between KAB toward sodium use and
24-hour urinary sodium excretion, coinciding with previously
published studies in India, Malaysia, and Australia (14-16).

It has been reported that sodium use behavior is motivated
by lifestyle habits and convenience (28). These findings suggest
that interventions aimed at improving knowledge and infor-
mation to reduce sodium intake at the individual level would
have little impact if not accompanied by structural modifica-
tions in the food environment (26,29). In this regard, in recent
years, the national strategies for sodium intake reduction that
have increased globally have been those aimed at structural
modifications (4). In Uruguay, an online study revealed that
the sodium warning on product labels significantly affected
participants' purchasing decisions (30) after the regulation was
implemented. Although the data for the present study were
collected prior to the compliance of the food industry with the
food labeling regulation (March 2020) (11), considering the KAB
of the participants described in the present study, the effective
implementation of the front-of-package nutrition labeling could
encourage the purchase of foods with lower sodium content
and consequently lower consumption by increasing people's
understanding of nutritional information compared to labels

that only include the nutrient facts table and by making them
reflect on their eating habits.

In turn, with the implementation of labeling comes the refor-
mulation of products in the food industry, thus contributing to
lower daily sodium consumption (11). In the southern cone of
the Americas, Chile improved the food supply by significantly
reducing the proportion of products that, before implementing
the labeling law in 2016, were classified as “high in salt”, thus
decreasing the sodium content (31). In Brazil, the voluntary
reduction of sodium content promoted since 2011 also showed
results in this regard (32). Experiences with positive results in
reducing sodium consumption (4) include the reformulation of
bread, one of the primary sources of sodium in the diet world-
wide (33). A study in Argentina showed that reducing sodium
content from 2% to 1.4% in French bread was associated with a
~ 0.6 g reduction in urinary sodium excretion (34). In Uruguay,
the Centro de Panaderos Industriales has used a voluntary
reduction strategy, reducing the sodium content of baked prod-
ucts (12), although the strategy results have not been evaluated.

Concerning behavior, the use of salt when preparing or cook-
ing food was more frequent than the addition of salt at the table,
coinciding with previously published studies in high income
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countries from South America, Europe, Asia, Australia, United
States and Canada (9). The use of salt at the table in our study
was reported by 25.8% of participants, while national data
showed that 29.9% of the population reported adding salt to
prepared food (2). Although an association between discre-
tionary salt use with sex and age has been reported (10), no
differences were found in our study.

The fact that individuals with excessive body weight might
receive more medical /nutritional orientation towards sodium
intake could partially explain our findings related to the use of
salt at the table and the double-discretionary use of salt accord-
ing to BMI. On the other hand, although we did not adjust
sodium by energy intake, it is common for overweight individ-
uals to under-report total energy intake and certain foods or
dietary components associated as healthy or unhealthy. Despite
these findings, no differences in sodium intake were found
between those who reported using/not using salt while cook-
ing and adding/not adding salt to food at the table. Overall,
our results do not show a pattern of KAB toward lesser sodium
use in women, as has been previously reported (35).

Some limitations in our study should be noted. First, our
study was performed in a geographically defined area from
Montevideo, so it cannot be generalized to the whole country.
Additionally, education level was used as surrogate for income
level. This study did not use a standardized questionnaire for
our population, as none was available. Instead, we used a pilot-
tested adapted version of the standardized questionnaire. Since
the sample for this analysis was based on optimal 24-hour uri-
nary collection data, potential introduction of response bias
may apply, as subjects included were younger, had higher
education, lower BMI and waist/height ratio and percent-
age of hypertension and diabetes, than subjects not-included.
Self-reporting of KAB toward participants' sodium use could
be biasing responses because of social pressure to answer what
is “right or healthy." A larger sample size may have increased
statistical power. Strengths of this work include the validated
measurements of 24-hour urinary sodium and potassium excre-
tion as a surrogate for consumption.

In conclusion, although 90.6% of the individuals had sodium
intakes above the WHO recommendation for a maximum

Moliterno et al. » Salt-related practices in Uruguay

intake (< 2 g/day), more than half of the participants had an
erroneous perception of their sodium intake, claiming to con-
sume “the right amount”. General knowledge about the effect
of excessive sodium intake on health was present; however, a
lack of procedural knowledge was observed. In general, the
attitude towards the use of sodium was positive, although it
was not reflected in behavior. The lack of association between
KAB towards the use of sodium and intake measured by
24-hour urinary excretion reflects the need to support people
with opportunities and motivations to reduce sodium con-
sumption. Structural actions to promote an adequate food
environment, such as the effective implementation of the front-
of-package nutrition labeling in Uruguay, are positive steps in
this direction.

Supplementary material. Additional information is available
from authors upon request.
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Practicas relacionadas con la sal y su asociacion con la excrecion urinaria de
sodio en 24 horas en una cohorte de poblacién en Uruguay

RESUMEN Objetivos. Evaluar la relacion entre conocimientos, actitudes y comportamientos en lo relativo a la ingesta
de sodio medida por la recoleccion de orina de 24 horas en una cohorte de adultos en Uruguay (GEnotipo,
Fenotipo y Ambiente de la HiperTension Arterial en UruguaY, GEFA-HT-UY).

Métodos. En un estudio transversal (n = 159), se obtuvo una muestra urinaria de 24 horas y los datos de un
cuestionario y de las mediciones fisicas, bioquimicas y de presion arterial de los participantes. Se evalué la
asociacion entre conocimientos, actitudes y comportamientos y la excrecion urinaria de sodio en 24 horas con
modelos lineales generales.

Resultados. La edad media de los participantes fue 49,8+15,5 afios, 67,9% eran mujeres y la excrecion
urinaria media de sodio en 24 horas fue de 3,6+1,7 g/dia. Aunque 90,6% de los participantes excedieron la
ingesta maxima recomendada de acuerdo con la excrecion urinaria de sodio, méas de la mitad percibid su
ingesta real incorrectamente al sefialar que consumia “la cantidad correcta”. Casi tres cuartas partes de los
participantes manifestaron estar preocupados por la cantidad de sodio en su dieta, si bien solo 52,8% declard
haber tomado medidas para controlarla. Se observé una falta de conocimiento sobre los procedimientos. No
se encontré una asociacion entre conocimientos, actitudes y comportamientos y la ingesta de sodio evaluada
mediante la excrecion urinaria de sodio en 24 horas.

Conclusiones. La falta de relacion entre conocimientos, actitudes y comportamientos respecto del consumo
de sodio y su ingesta medida por excrecion urinaria en 24 horas refleja la necesidad de apoyar a las perso-
nas con oportunidades y motivaciones para reducir el consumo de sodio. Adoptar medidas estructurales que
promuevan unas condiciones alimentarias adecuadas, como la aplicacion efectiva del etiquetado nutricional
frontal en Uruguay, constituye un paso en la direccion correcta.

Palabras clave Conocimiento; actitud; sodio; cloruro de sodio; sodio en la dieta; caracteristicas de la poblacion; Uruguay.

Praticas relacionadas ao uso do sal e sua associacao com a excrecao de
sodio na urina de 24 horas em uma coorte populacional uruguaia

RESUMO Objetivos. Avaliar a associag&o entre conhecimento, atitudes e comportamento (KAB, sigla do inglés Knowl-
edge, Attitudes, Behavior) e 0 uso e ingestdo de sodio, medida pela coleta de urina de 24 horas em uma
coorte de adultos do Uruguai (Estudo do Gendtipo, Fendtipo e Ambiente da Hipertensao, GEFA-HT-UY).
Métodos. Em um estudo transversal (n = 159), foi coletada uma Unica amostra de urina de 24 horas dos par-
ticipantes, medidas fisicas, bioquimicas e de pressao arterial, e dados de questionarios. A associacdo entre
KAB e excregéo urinaria de soédio nas 24 horas foi avaliada por meio de modelos lineares gerais.
Resultados. A idade média dos participantes foi de 49,8+15,5 anos; 67,9% eram mulheres e a excregao
média de sodio na urina de 24 horas foi de 3,6+1,7 g/dia. Embora 90,6% dos participantes excedessem a
ingestdo maxima recomendada, conforme indicado pela excrecdo urinaria de sédio, mais da metade dos
participantes n&o tinha percepcéo da real ingestdo de soédio, relatando consumir "a quantidade correta’.
Quase trés quartos dos participantes relataram estar preocupados com a quantidade de sédio na dieta, mas
apenas 52,8% relataram ter implementado medidas para controla-la. Observou-se falta de conhecimento de
procedimentos. Nao houve associacédo entre KAB e o0 uso e a ingestdo de sddio avaliada pela excrecéao de
sodio na urina de 24 horas.

Conclusoes. A falta de associagéo entre KAB e 0 uso e a ingestao do sédio avaliada pela excregéo urinaria
de 24 horas reflete a necessidade de oferecer apoio aos individuos por meio de oportunidades e motivacoes
para reduzir o consumo de sédio. A¢des estruturais para promover um ambiente alimentar adequado, como a
implementacéo efetiva de adverténcias na rotulagem frontal dos alimentos no Uruguai, sdo passos positivos.

Palavras-chave  Conhecimento; atitude; sédio; cloreto de sodio; sédio na dieta; caracteristicas da populagéo; Uruguai.
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