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Abstract

Background/objectives: The relationship between sodium intake and artet@d pressure (BP)
values in adolescence is still controversial. Titake of high-sodium processed foods as snacks
has gone up worldwide. The purpose of the pregessesectional study was to analyze the
association between BP values and sodium intake $racksSubjects/methods: The mean weekly
consumption of snacks was evaluated in 1200 rangeelécted adolescents aged 11-13 years by a
food-frequency questionnaire; their anthropomeind BP values were measured by trained
researchers. A dietary 24-hour food recall questine was randomly given to 400 of the 1200
adolescentsResults: Mean sodium intake from snacks was 1.4 g/day. $g<®BP) and diastolic

BP (DBP) significantly increased from the lowetthe higher tertile of sodium from snacks and
with increasing frequency of salty snacks consuomptin a multiple logistic regression model, both
being in the highest SBP quartile and in the highb&P quartile were significantly associated with
the intake of sodium from snacks (OR=1.48;95%C411 01 and OR=2.17; 1.68-2.79,
respectively), the consumption of >2/day salty &8g©OR=1.86; 1.32-2.63 and OR=2.38; 1.69-
3.37, respectively) and BMI (OR=1.26;95%CI 1.2211a®d OR=1.14;95%CI 1.10-1.18,
respectively), but not with age, sex or exercisele In the 400 individuals, the average total
sodium intake was 3.1 g/day and was significanigyér in individuals belonging to the highest
guartile of SBP and DBFRConclusions: Sodium intake from snacks was almost half of therage

daily sodium consumption and was significantly assted with BP values in adolescents.

Key words: adolescents, diastolic blood pressure, systotiodbpressure, snacks, sodium intake.

Abbreviations: basal metabolic rate (BMR), body mass index (BMiastolic blood pressure (DBP), metabolic
equivalent of activity (METS), saturated fatty aci®FA), simple dietary quality index (SDQI), sy&tdlood pressure

(SBP).



Introduction

High arterial blood pressure (BP) in childhood addlescence predisposes to hypertension in the
adulthood, and has been associated with an increased rislenfature death and early
cardiovascular abnormalities, such as left ventaichiypertrophy and initial atherosclerotic
lesiong 4>

Both the incidence and prevalence of arterial hgmesion in children and adolescents are
progressively increasifigThe current prevalence of hypertension in childeerldwide is
estimated to be about 1-5%; in Italy the prevalence of hypertension and pypeftension in
individuals aged 6-18 years is 3.5% and 12.8% tismdy”.

Overweight/obesity and high sodium intake are racyl as major risk factors for
hypertensiohi'®. A causal relationship between salt intake anch&8&been demonstrated in
adults™%13 but the association is still controversial atiyger age'$*>

The consumption of salt in children and adolescentgrldwide increasing because of the
increased intake of high-sodium processed foodeadsof natural foods, which are low in sodium
and high in potassiuth In a study on US individuals aged 8-18 yearsijrtake of sodium resulted
on average 3.387 g/day, with an increasing intaitle age®. In Italy, the sodium intake in
individuals aged 11 years has been estimated &bbet 3 g/day in a study conducted in 1990s.
These intakes were 2-fold higher than the recommgialily sodium intake in this age range (1.5
g/day)® and no recent data are available.

Most of the dietary sodium derives from manufaaiufi@ds and foods eaten away from hdmia
fact, some of the major sources of sodium in wordigvchildren's diets are pizza, chips, sandwiches
that are often eaten as snacks between MfiEgt&

Snacking has become a popular habit among chilsndrteenagef®evenin countries in the

Mediterranean aré4as ltaly: in fact in the last decade snhack sate® fyone up by 57%



Snacking trends are moving toward 3 snacks peratayabout 27% of the daily caloric intake of

children is coming from snacks

The purpose of the present cross-sectional stugytevanalyze the association between arterial BP
values, the sodium content of the snacks and dgeiéncy of consumption of salty snacks by a
cohort of 1200 individuals aged 11-13 years.

Material and methods

Participants

All the students attending the first year of midsiéool in Torino (Italy) routinely undergo a héalt
status and physical performance assessment bytres3edicine Institute (“Bambini a Torino”
project). In Italy, the age at which the studentsral the first year of middle school is 11-12 gear
However, a few individuals may have failed the egataring their schooling, thus repeating the
scholastic year and being 1 year older.

In the scholastic year 2011-2012, 7263 studergs@étd the first year of middle school in Torino.
Among them, 6876 participated in the assessmehtavtarticipation rate of 94.7%.

A week before the assessment, students were adenedsguestionnaires on health status, exercise
levels, present and past illness, and medicatigriedoschoolteachers and were asked to have them
filled out by their parents at home. In 1200 studeselected by a simple random sampling, a food-
frequency questionnaire evaluating the mean wefegtjuency of 19 food items was added to the
health questionnaires. By a further simple randamging, 400 out of the 1200 received also a
validated dietary 24-hour food recall questionrfirghe present study was based on the 1200
students.

Children’s parents or legal representatives signednsent form for the study participation. The
study protocol was approved by the local Ethican@ottee, and the procedures were in

compliance with the Helsinki Declaration principles

5



Measurements

Weight, height, and arterial blood pressure werasueed in all the participants. Weight was
measured to the nearest 0.1 kg, and height wasuneeb® the nearest 0.1 cm with a stadiometer
(SECA model 711, Hamburg, Germany), with the pgrdiots wearing light clothes and no shoes.
The body mass index (BMI) percentile values werioled from the Italian growth charts,
referring to Northern/Central Italy percentfiésSubjects who had a BM#85" percentile were
classified as overweight/obese.

Arterial BP values were measured from the left ama, sitting position, after at least 10 min of
rest, with a mercury sphygmomanometer with appadercuff sizes (ERKA Perfect-Aneroid,
Germany). Two measurements were taken by traingsighns with arm supported at heart level
and the values reported were the means of theRhase | and V of the Korotkoff sounds were
considered as systolic BP (SBP) and diastolic BBR) respectively. Pulse pressure was the
difference between SBP and DBP. Participants werdadl into quartiles of SBP and DBP.

Data relative to the frequency, duration of eadsi®m, and intensity of exercise performed by the
participants outside gymnastics classes at sche wollected by the questionnaires administered
by the parents. Exercise was considered as anpguastructured, and repetitive physical activity
performed outside gymnastics classes performechabt The mean weekly exercise level was
calculated as the product of duration and freque&i®ach activity (in hours/week), weighted by an
estimate of the metabolic equivalent of the agtiMET), and summed for the activities
performed®. The whole cohort was divided into tertiles of esge, and individuals were classified
as sedentary, moderately active, and active. Thef€points in the whole cohort were respectively
<10, 11-29, and30 METs h/week, and were similar to those foundriother European cohort of
adolescentS. Exercise levels were therefore expressed as MiBfsek.

Food questionnaires



The parents of participants were asked to compihetd 9-item food-frequency questionnaire, while
the parents of the 400 randomly selected studempleted both the food-frequency and the food
recall questionnaifé. An instruction sheet was given.

The food-frequency questionnaire evaluated the nagsakly frequency of consumption of 19
items, and was developed by using a previouslya#did semi-quantitative food-frequency
questionnair& to evaluate the mean weekly snacks consumptioenBashould indicate the
frequency of consumption of foods consumed as sna#cknack was defined as an eating occasion
not included in breakfast, lunch or dinner, in limi¢h literaturé®. The parents were asked to
indicate how many times a week their child consueech snack food included in the list by
choosing one of three different ranges of consumngtiequency (1-2/week; 3-5/weekt/week). If
the student consumed a food more than once altapatrents should specify the frequency for
each day; if the subject never consumed a foodpdinents must not fill the corresponding item.
Items included: biscuits, brioches, cereal bamsdes, desserts, fruit juice, soft drinks, fruits,
milk/yoghurt, savory snacks, pizzas, crackers, supktato chips, popcorn, bread, vegetables, cold
cut, cheese. For each item, a standard portionndasated (e.g. 125 ml for yoghurt, 30 g for potato
chips, 4 pieces for biscuits, etc.); the parentevasked to indicate the portion in the case it
differed from the standard one. No missing casesroed.

The sodium intake from snacks was estimated byiptyitig the estimated weekly food
consumption of each item by its value of sodiumcemtration obtained from the food composition
database developed by National Research Institutedod and Nutrition (INRANY. Then, the
sodium contents of all the items consumed were senirend divided by 7 to obtain the mean daily
sodium intake from snacks. The mean daily sodiuakigwas then divided into three tertiles
(<1.13 g/day; 1.13-1.63 g/day; >1.63 g/day).

Furthermore, as salty snacks were considered thbese medium sodium content per portion was

>0.30 g, i.e. savory shacks, pizzas, crackers, @ataps, cheese, and cold cut. This cut-off
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corresponded to about 20% of the percent dailymeecended value for this age range (1.5 g/day),
and has been used to define a high-sodium sefvifilge weekly consumption of salty snacks was
summed and then divided by 7 to obtain the medy ftaguency intake. Three categories of salty
food frequency consumption were considered: 0-12>42.

In the 24-hour food-recall questionnaire, the ptrevere asked to list foods eaten by the students a
meals, including snacks; different serving sizesevgpecified for each item, using commonly used
portions; furthermore the use of measuring guidapg, spoons, glasses) aided respondents in
estimating the amounts of foods consumed. The geesadium intake did not include salt added in
cooking or at the table. The snacking occasion® wegsorted by the participants’ parents, along
with a detailed description of the kind, amount] #ime of snacks.

During the visit at the Sports Medicine Institugeskilled dietician interviewed the participants in
case of uncertain answers to either the food-freguguestionnaire or the 24h dietary recall,

asking them to indicate how often per day and hamyrdays a week they had usually consumed a
specific food and its serving size with the aicsample photos.

The food-recall questionnaire data were loadechersoftware Win Food Pro 3 (Medimatica,
Colonnella, Teramo, Italy). The estimated basakinatic rate (BMR) for 10-18-year old

individuals was calculated in the 400 participantghe following formula in accordance with
Schofield® for males, BMR = 0.068 weight + 0.574 height +57; for females, BMR = 0.035
weight + 1.948 height + 0.837. Then, the estimateelgy requirement was calculated by
multiplying the BMR by a coefficient corresponditayone of the three exercise levels (sedentary,
moderately active, and active), in line with thadiin and European guidelirtés

Then, the reliability of the reported energy intakas assessed by calculating the ratio of estimated
energy intake to predicted BMR: subjects with #rg0.88 and >2.72 were classified as under-
reporters or over-reporters, respectivel§2/400 under-reporters and 2/400 over-reporterew

identified.



Diet quality was evaluated with the simple dietquality index (SDQI) score, first used in
Denmark, comparing saturated fatty acids (SFA)féet intake to Danish dietetic
recommendatiori& An adjustment in the dietary fiber estimation wagsded for our cohort,
because Italian guidelines recommended 2g/MJ fitdreim/adolescenté For each individual, a
score was calculated for SFA and dietary fiber, taedminimum and maximum scores for each
nutrient were 0 and 100, respectively. For example:

-dietary fiber score: (recommended dietary int&#géMJ)

intake of an individual 1g/MJ; score = 1:2 x 1066; when the individual intake was >=2g/MJ, the
score was 100,

-SFA score: (recommended dietary intake <= 10%gner

intake of an individual 13% energy; score = (1 3 {10)/10) x 100 = 70; when the individual
intake was <= 10% energy, score = 100; when >208tggm score = 0.

The SDQI score was the mean of the scores for Si@Aiber (i.e. (50 + 70)/ 2 = 60); the higher
was the score, the healthier was the®diet

Satistical analysis

Normality distribution of data was checked by th@idogorov-Smirnov normally test. BMI
percentiles and exercise level, expressed as MBEileek, did not show a normality distribution,
and differences among groups for this variable veeadyzed by the Kruskal-Wallis test.
Additionally, values were log-transformed, thusadbing a normal distribution, and the log-
transformed values were used in the regression hsele below). The ANOVA and thé-test
were performed to assess the differences resphciivéhe continuous and categorical variables
across tertiles of sodium content and across cagsgof frequency of salty snacks consumption,
and between quartiles of SBP and DBP. A logistigession analysis was used to estimate the
relative risk of being in the highest quartile &@FSor DBP and the sodium content of snacks or the

category of salty snacks consumption, after adjgdor age, sex, and log-METs h/week.
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Results

Table 1 summarizes the characteristics of the B2lalescents and the 400 sub-sample undergoing
the medical assessment. There was no differenegebrtthe adolescent cohort as a whole (data not
shown) and the two randomly selected groups.

The average sodium intake was#0 g/day in the 400 participants submitted to2tén food

recall. Mean sodium intake from snacks waQ.8 g/day in the 1200 participants submitted to the
food-frequency questionnaire.

Neither percent of energy intake from carbohydrgtesteins, fats (data not shown) and saturated
fatty acids, nor total energy, fiber intake and 8i2QI score significantly differed among the
categories of sodium content (Table 2, left) oqgérency of salty snacks consumption (Table 2,
right). Age, SBP, DBP increased with increasingwawdintake from snacks and with increasing
frequency of salty snacks consumption.

Individuals in the highest SBP quartile showed gigantly higher sodium intake from snacks,
frequency of consumption of salty snacks, heigleigivt, BMI and BMI percentiles (Table 3).
Similarly, individuals in the highest DBP quartdeowed significantly higher sodium intake from
snacks, frequency of consumption of salty snacgight, weight, BMI and BMI percentiles (Table
4).

Participants with BMt85™ percentile (194/1200; 16.2%) when compared tdgpants with BMI
<85" percentile did show neither a significantly higeedium intake from snacks (1416vs
1.40t0.6, respectively, p=0.75), nor a higher frequenifcyalty snacks consumption (2.0+@<3
1.9+0.8, respectively, p=0.25).

In the 400 individuals submitted to the food-recplestionnaire, total sodium intake increased with
increasing sodium intake from snacks (Tab.2) ansl significantly higher in individuals belonging
to the highest quartile of SBP (Tab.3) and DBP (#alin those individuals, the results did not

change after excluding the 12 under-reporters @@ tover-reporters.
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In a multiple logistic regression model, both beimghe highest SBP quartile and in the highest
DBP quartile were significantly associated with thiake of sodium form snacks, the frequency of
salty snacks consumption and BMI, but not with agsex or METs h/week (Table 5). In the
subgroup of 400 individuals, the highest SBP glea(@R=1.13; 95%CI 1.01-1.62; p=0.04) and the
highest DBP quartile (OR=1.33; 95%CI 1.03-1.71; 830 were significantly associated with total

sodium intake in the same model.

Discussion

We found that snacking has a considerable effetbtahsodium intake since about half of the total
sodium in the evaluated adolescents came from sniibreover, we observed a positive
significant association between BP and both sodiniake from snacks and the frequency of
consumption of salty snack foods. Both the intaksodium from snacks (either evaluated as a
guantity or the frequency of salty snacks) and BMte independently associated with values of
SBP and DBP, and the association of sodium intak®a tnacks with BP remained significant also
when BMI was included in the model.

Intriguingly, no significant difference was evidearthong categories of sodium content and salty
shacks consumption and intake of energy, nutriamtisdiet quality as evaluated by the SDQI index

in the subgroup of participants submitted to thénZdod recall.

Daily sodium intake of participants was 2-fold heghhan that recommended and was in line with
the mean consumption previously reported in Itatiifdrert’, but no data on sodium intake from
snacks were until now available. Snacks (such gschaked goods, candy, etc.) are usually high-
sodium, high-fat and high-sugar foods, and conteha degrade the diet quality of children and

adolescent$*° The finding that about half of the daily sodiumtake derives from snacks is new
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and prompts towards educational campaigns in daodeensitize adolescents as well as parents and

teachers with regard to this topic.

We found a significant association between sodiutake from snacks and increased SBP and
DBP. The relationship between total sodium intake& BP in adolescents has been investigated by
several studié§™®, but no study was specifically focused on the icipé sodium from snacks, to
the best of our knowledge.

The National Diet and Nutrition Survey for youngopke, a study carried out in a UK nationally
representative sample of 1658 individuals aged #eH8s, found that an increase of 1 g/day in salt
intake was associated with an increase of 0.4 mint&BP and 0.6 mmHg in pulse presétre
Sodium intake was associated with SBP and theofigke-hypertension/hypertension among 6235
8-18 years old participants from the National Healtd Nutrition Examination Surviy A meta-
analysis of 10 trials in children and adolescertnanstrated that a 42% reduction in salt intake,
which is equivalent to a decrease of approximaBafyday in salt intake (1.2 g/day of sodium),

causes a fall in SBP of 1.2 mm Hg

In our subsample of 400 individuals, a significdimect association was found between total

sodium intake and the highest SBP and DBP quariilesertheless, not all authors have observed a
linear relationship between BP and dietary sodintakie in children/adolescents. Hdweeported

no significant change in BP values between 11-B4 gt students with high-sodium intake and
increased sodium excretion with respect to studemtsw-sodium diets. In a randomized crossover
trial, Coopef® found that 24 days of sodium restriction was ie€fif’e in changing BP values in
normotensive adolescents. Finally, Y&hgported that the association between BP valugsain
intake is stronger among individuals with overweighobesity. It is well known that adiposity

plays a crucial role on BP valfésnd obesity or overweight are recognized as &stofs for

arterial hypertension in the adults as well ahyoung peopfe®. In our study, we found a
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positive relationship between SBP and DBP valuesB|, in line with literaturé&“°. Snacking

could contribute both to increased BMI and increaBE values. Prospective studies found a direct
association between snacking and weight gaifrf§k’ Moreover, high-sodium snacks are
positively associated with the consumption of steyaeetened beverages that considerably increase
the intake of carbohydrates and have been assdaidite children/adolescent obedftyHowever,

our overweight/obese participants did not showegithsignificantly higher sodium intake from
shacks or an increased frequency of salty snaaksucaption, and both BMI and sodium intake
remained significantly associated with the higl&®B8P and DBP quatrtiles in the logistic regression
models, suggesting that both were independentlycested BP quartiles, without reciprocal

interference.

Eating snacks between meals has become a very cofmanit in adolescerfts*. It is possible that
snacking itself may not be harmful, but ratherdhbality of the snacks. If fruits and fresh

vegetables are consumed as daily snacks, it waukhbier to increase fiber and decrease fat, sugar
and sodium intake to reach the recommended nutaitigoal§®>° Otherwise, unhealthy snacking
may have a role in the development of overweiglesalyp and hypertension. Other studies have
however failed to find a relationship between oweight and snackiflg®® reporting that obese
adolescents eat no more “junk” food than their nbese peers.

This remains a highly controversial topic; our tesauggest another reason why snacking deserves

more research: because it might have a role onaBRes in pediatric subjects.

The limitations of a cross-sectional design shdndatonsidered in the interpretations of the results
of this study. The possibility of residual confoumglcannot be excluded. There is no current
consensus about the definition of a snack. As stostied”**°! we based our definition on a

temporal criterion and we defined as snack eadhgeatcasions outside meals.
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The estimated sodium intake may be underestimateck it did not include the salt added during
cooking or eating. It is difficult to precisely qu#y the amount of sodium assumed and the 24-h
urinary sodium excretion was not measured. Howeneateveloped countries, the amount of salt
discretionarily added to food is small and the mgjof salt intake comes from salt added to food
by the food industry. In consideration of the rough estimation of sauintake, the frequency of
consumption of salty snack foods has been evalutiteacomparability of the results by the two
methods is reassuring.

Finally, the limitations of the food questionnaisd®uld be recognized. The food-frequency
guestionnaire evaluated the mean weekly frequehcgrisumption of snacks; the 24h dietary
recall may be inadequate to evaluate the individsakl eating pattern and we have the data of one
third of the evaluated individuals. The day (weal dr week-end day) of the dietary recall
compilation was not predefined. However, the 24taty recall is usually employed for
characterizing habits in groups of adolesc&nfsFurthermore, the participants themselves were
interviewed by an experienced dietician in the adaencertain answers. In all of these cases, no
considerable discrepancy was found between theuresaseported by the parents and the
interviewed participants.

The strengths of this study were the measuremeat tife anthropometric variables by two trained
researchers, and the finding that participants windar to all the adolescents living in Torinotkvi
the same age-range.

Conclusion

Sodium intake from snacks represented almost haffeoaverage daily consumption of sodium and
was significantly associated with increased BP eslin adolescents, independently of BMI.
Sodium from snacks could be a modifiable factortiwpto be tested in interventional trials to

reduce BP values in the younger.
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Table 1. Characteristics of the sample analyzed

Sample studied for

Sample studied with

snacks food record
Number 1200 400
Age (years) 12.14+0.5 12.%0.5
Males (%) 51.3 52.0
Ethnicity (%)
Caucasian 93.5 94.1
African 2.4 2.3
Asian 15 1.5
Hispanic 2.6 2.3
Metabolic equivalent of activity (METs 19.0 (32.0) 18.0 (31.5)
h/week)
Weight (kg) 45.2+11.3 45.511.2
Height (m) 1.50:0.1 1.5@0.1
BMI (kg/m?) 19.9:4.0 20.64.1
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Table 2. Characteristics of the participants by the sodium content of the snacks (first tertile the lowest;
third tertile = the highest) and the daily frequency of consumption of salty snacks.

Sodium content of snacks

Daily frequency of salty snacks

First Second Third P 0-1 >1-2 >2 P

tertile tertile tertile
Number 403 403 394 461 336 403
Total sodium from| 0.9+0.3 1.30.2 2.1%0.4 <0.0 0.940.3 1.3+0.2 2.0+0.4 <0.0
shacks (g/day) 01 01
Age (years) 12.a+0.5 12.6:0.4 12.20.5 | <0.0 | 12.0+0.4 12.0+0.4 12.240.51 <0.0

01 01

Males (%) 50.4 49.6 54.1 0.41L 51.3 47.9 54.1 0.25
Metabolic 20.0 (33.0)| 20.0(32.0) 14.5(26.0) 0.22 21.0(B4.09.0(32.0)| 15.0(26.0 0.03
equivalent of
activity? (METs
h/week)
Weight (kg) 45.0:11.3 | 44.810.6 | 45.812.0 | 0.43 | 44.6x11.1| 45.5#10.8 45.6#12/0 0.33
Height (m) 1.50:0.1 | 1.5@0.1 | 1.5@0.1 | 0.84 | 1.50%0.1| 1.50+0.1| 1.50+0.1 0.49
BMI (kg/m?) 19.944.0 | 19.23.7 | 20.%4.2 | 0.36 | 19.7#3.9| 19.9£3.8| 20.0¢+4.2 0.48
BMI percentilé 40.0 (58.0)| 40.0(59.0) 40.0(57.p) 0.99 38.0q58.44.5 (58.5)| 40.0(57.0) 0.37
BMI285‘hpercentiI 15.4 15.4 17.8 0.57 14.5 17.0 17.4 0.46
e(%)
Systolic BP 107.A11. | 108.6:12. | 111.6:13. | <0.0 | 107.7+10.| 109.3+12.| 111.0+14.| <0.0
(mmHg) 6 3 7 01 7 9 1 01
Diastolic BP 64.248.7 64.89.2 66.58.3 <0.0 64.4+7.9 65.6+8.7 66.3+8.5 0.002
(mmHg) 01
Pulse pressure 43.5+8.6 43.39.4 45.@¢10.3 | 0.02 43.848.1 43.219.9 44.7+£104 0.08
(mmHg)
Total kcaf 1953.341 | 2065.844 | 2027.1#46 | 0.10 | 1982.2+41| 2048.1+46| 2023.8+46| 0.46

3.9 8.5 9.3 1.6 7.3 4.2
SFA (% kcalf 10.6:3.1 | 10.43.0 | 11.23.4 | 0.12 | 10.6#3.1| 10.3%3.0/ 11.2#34  0.10
Fiber(g/day} 15.86.4 | 15.86.0 | 16.455 | 0.62 | 158#6.6| 15.7#5.8| 16.3%55 0.74
SDQI scoré 74.7#13.2 73.514.5 72.615.3 | 0.53 74.1+13.5 74.4+14.3 72.4+15)2 0.51
Total sodium 2.0+0.8 2. #0.7 3.40.9 <0.0 2.1+£0.7 2.7+0.7 3.4+0.9 <0.0
(g/dayy 01 01

Mean+SD (all such values); median (inter-quartile ran@#)such values); BMI=body mass index; BP=blood

pressure; SFA= saturated fatty acids; SDQI= simdjgeary quality indexXTotal sodium from snacks (both salty and
non-salty)*Kruskal-Wallis analysissdata obtained from 400 participants.

694.

22



Table 3. Characteristics of the participants by systolic BP values (the higher quartile vslower

quartiles).

Systolic BP>115 mmHg  Systolic BP<115 mmHg P
Number 301 899
Sodium from snacks (g/day) 1.5+0.6 1.40.5 0.002
Frequency of salty snack
consumption/day
0-1 30.2 41.2
>1-2 28.2 27.9
>2 41.5 30.9 <0.001
Age (years) 12.1+0.5 12.%0.4 0.09
Males (%) 49.8 51.8 0.55
Metabolic equivalent of 15.0 (32.0) 19.0 (32.0) 0.11
activity' (METs h/week)
Weight (kg) 53.3t11.8 42.49.8 <0.001
Height (m) 1.53:0.1 1.490.1 <0.001
BMI (kg/m?) 22.6+4.2 19.@3.4 <0.001
BMI percentilé 75.0 (52.0) 30.0 (46.0) <0.001
BMI>85"percentile(%) 37.9 8.9 <0.001
Systolic BP (mmHg) 125.38.3 103.98.7 <0.001
Diastolic BP (mmHg) 72.4:8.5 62.%7.5 <0.001
Pulse pressure (mmHg) 52.8t8.9 40.27.6 <0.001
Total kcaf 2004.¢476.1 2016.9431.8 0.80
Carbohydrates (% kcal) 51.1+14.2 51.214.8 0.92
Fat (% kcalj 35.710.2 35.210.2 0.77
SFA (% kcalj 10.9:3.4 10.23.1 0.57
Protein (% kcal) 13.2+3.9 12.93.9 0.25
Fiber (g/day} 15.4t6.2 16.16.0 0.34
SDQI scoré 71.7+14.9 74.513.9 0.09
Total sodium (g/day) 3.1+1.0 2.60.9 <0.001
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MeanzSD (all such values); median (inter-quartile ran@#)such values); BMI=body mass index; BP=blood
pressure; SFA= saturated fatty acids; SDQI= sird@éary quality indexl;KruskaI—WaIIis analysiddata obtained from

400 participants.

Table 4. Characteristics of the participants by diastolic BP values (the higher quartile vslower

quartiles)

Diastolic BP>70 mmHg  Diastolic BP<70 mmHg P
Number 284 916
Sodium from snacks (g/day) 1.6+0.6 1.30.5 <0.001
Frequency of salty snack
consumption/day
0-1 25.0 42.6
>1-2 32.4 26.6
>2 42.6 30.8 <0.001
Age (years) 12.1+0.5 12.%0.5 0.14
Males (%) 51.1 51.4 0.91
Metabolic equivalent of 19.5 (26.0) 18.0 (32.0) 0.56
activity' (METs h/week)
Weight (kg) 49.6:11.6 43.810.9 <0.001
Height (m) 1.52+0.07 1.490.09 0.002
BMI (kg/m?) 21.5¢4.2 19.43.8 <0.001
BMI percentilé 65 (57.0) 32.5 (56.0) <0.001
BMI>85"percentile(%) 25.7 13.2 <0.001
Systolic BP (mmHg) 119.#12.2 106.%11.0 <0.001
Diastolic BP (mmHg) 76.6t5.6 61.95.6 <0.001
Pulse pressure (mmHg) 43.0t10.5 44.29.1 0.06
Total kcaf 2022.@489.5 2008.1428.3 0.79
Carbohydrates (% kcdl) 51.2+14.9 51.214.7 0.99
Fat (% kcalf 35.9+10.3 35.810.2 0.88
SFA (% kcaly 10.9+3.1 10.23.2 0.63
Protein (% kcalf 12.%3.9 13.@3.9 0.70
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Fiber (g/dayyf 15.3+6.2 16.%5.9 0.29
SDQI scoré 71.6:14.7 74.214.2 0.12
Total sodium (g/day) 3.2+0.8 2.60.9 0.01

MeanzSD (all such values); median (inter-quartile ran@#)such values); BMI=body mass index; BP=blood
pressure; SFA= saturated fatty acids; SDQI= sirdéary quality indexl;KruskaI-WaIIis analysiszdata obtained from

400 participants.

Table 5. Association of being in the highest systolic BP quartile (upper part) or being in the highest
diastolic BP quartile (lower part) with sodium from snacks and frequency of salty snacks consumption
in amultiplelogistic regression model.

Being in the highest systolic BP quartile

OR 95%Cl P
Age (years) 1.11 0.82-1.50 0.49
Males 0.88 0.65-1.18 0.39
Log-METs h/week 1.03 0.88-1.20 0.71
BMI (kg/m?) 1.26 1.22-1.31 <0.001
Sodium from snacks (g/day) 1.48 1.14-1.91 0.003

Being in the highest systolic BP quartile

OR 95%Cl P
Age (years) 1.10 0.81-1.48 0.54
Males 0.88 0.65-1.18 0.38
Log-METs h/week 1.04 0.89-1.22 0.59
BMI (kg/m?) 1.26 1.22-1.31 <0.001
Frequency of consumption of salty snacks/day
0-1 1
>1-2 1.37 0.95-1.97 0.09
>2 1.86 1.32-2.63 <0.001

Being in the highest diastolic BP quartile

OR 95%Cl P

Age (years) 1.08 0.81-1.46 0.59
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Males
Log-METs h/week
BMI (kg/m?)

Sodium from snacks (g/day)

0.90 0.68-1.20 0.47

1.15 0.99-1.34 0.07
1.14 1.10-1.18 <0.001
2.17 1.68-2.79 <0.001

Being in the highest diastolic BP quartile

Age (years)

Males

Log-METs h/week

BMI (kg/m?)

Frequency of consumption of salty snacks/day
0-1

>1-2

>2

OR 95%Cl P
1.12 0.84-1.50 0.44
0.91 0.69-1.22 0.54
1.16 0.99-1.35 0.06
1.14 1.10-1.17 <0.001
1

2.09 1.47-3.00 <0.001
2.38 1.69-3.37 <0.001

BMI= body mass index, BP= blood pressure, METs ddelic equivalent of activity
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