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Abstract

Objective: To compare the blood pressure levels between Chilean schoolchildren ascendants from Mapuches and
European at different blood pressure classifications. A second aim was to compare other cardiometabolic
(anthropometric/body composition, cardiovascular, and muscle strength) risk factors for hypertensive blood
pressure (HTN) between groups. Methods: A cohort study. Participants were (n=540) Chilean schoolchildren from
public primary schools. The sample of schoolchildren was analyzed by categorization of normotension (NT),
prehypertension (PreHTN), and HTN blood pressure state and by Mapuche and European Chilean ascent. The
primary outcomes were systolic and diastolic blood pressure. Results: There were significant differences by
ethnicity in diastolic blood pressure at the NT state blood pressure classification, but not at PreHTN and HTN states
(Mapuche [78.6 (69.5, 84.3) mmHg] vs. European schoolchildren [66.5 (63.6, 68.5) mmHg] at p<0.000). There
were no differences between Mapuches and European in body mass and body mass index, but significant differences
in height. There were significant differences in resting heart rate and handgrip strength of the dominant and non-
dominant arm between groups. Conclusion: Under a similar blood pressure state of criteria classification as
normotension, Mapuches’ schoolchildren’s ascendants showed higher diastolic blood pressure levels than European
peers. These findings suggest future more complex studies to corroborate ethnic differences.

Palabras clave: blood pressure; schoolchildren; ethnicity; risk factors.

Resumen

Objectivo: Comparar los niveles de presion arterial entre escolares chilenos de ascendencia étnica Mapuche versus
aquellos de ascendencia Europea. Un segundo objetivo fue comparar otros factores de riesgo cardiometabdlico
(antropometria/composicion corporal, cardiovascular, y fuerza muscular) para desarrollar hipertension arterial entre
grupos. Método: Estudio de cohorte, que se desarrollé en una escuela primaria pablica de Los Lagos con (n=540)
nifios escolares participantes. La muestra de nifios escolares fue categorizada en nifios de acuerdo a su nivel de
presion arterial con estado de normotension (NT), prehipertension (PreHTN), e hipertension arterial (HTN), asi
como dividida de acuerdo a la etnicidad ascendente de Mapuches o Europeos. Las mediciones principales fueron
presion arterial sistdlica y diastolica. Resultados: Existieron diferencias significativas mediante la etnicidad en la
presion arterial diastolica en el estado de NT, pero no en el estado de PreHTN y HTN (Mapuche [78.6 (69.5, 84.3)
1ImHG] vs. escolares Europeos [66.5 (63.6, 68.5) 1ImHG], p<0.000). No existieron diferencias estadisticas entre
escolares Mapuches y Europeos en la masa corporal, indice de masa corporal, pero existieron diferencias
significativas en la talla en esta clasificacidn de presién arterial. Existieron diferencias significativas en la frecuencia
cardiaca de reposo, y en la fuerza de agarre de la mano dominante y no dominante. Adicionalmente, existieron otras
diferencias en variables de composicion corporal. Conclusion: Bajo una misma clasificacion de la presion arterial
como la normotensidn, escolares chilenos ascendentes de Mapuches reportan una elevada presion arterial diastolica
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versus aquellos pares ascendentes de Europeos. Estos hallazgos sugieren la realizacion de futuros y mas complejos
estudios para corroborar estas diferencias étnicas.

Keywords: presion arterial; escolares; etnicidad; factores de riesgo.

Highlighted points

e There was investigated the blood pressure of schoolchildren of ethnic and European ascendants.

e There was used standard blood pressure criteria classification to both ethnic and European ascendants.

e Under a similar blood pressure classification as normotensive state, ethnic groups show a higher diastolic blood
pressure than European peers.

e  The study suggests future more complex studies for exploring mechanisms.

Introduction

Arterial hypertension (HTN) is one of the major risk factors for cardiovascular disease in adults,
but today, it is regularly diagnosed in schoolchildren at primary care!. Although pediatric HTN is generally
defined as >95™ to age, sex, and height percentile?, the ranges into each normotensive, prehypertensive,
and hypertensive stage can show wide variation by percentile. High blood pressure and HTN are highly
conditioned by physical inactivity, obesity, and new cardiometabolic risk factors in schoolchildren (i.e.,
video games, screen exposure, light exposure, and sleep time)34. Similarly, genetic/epigenetic
modifications can also play a role®. Worryingly, pediatric high blood pressure prevalence is increasing in
some South American countries such as Chile, where schoolchildren with European ancestry reported an
11.1% prevalence of prehypertension and an 18.6% prevalence of HTN®. These findings are in coherence
with previous increases rates of metabolic syndrome [MetS] (i.e., high blood pressure, high fasting
glucose, low high-density lipoprotein, and high triglycerides in addition to high abdominal obesity) and
insulin resistance in Latin American ethnic schoolchildren”’.

More recently, for example, South Asians have been shown to have high adiposity, high blood
glucose, and thus more type 2 diabetes mellitus (T2DM) risk at significantly lower body mass indexes
(i.e., BMI; 22 kg/m?) than the normal nutritional state for South American (i.e., BMI <25 kg/m?)8
Likewise, the clinical cut-off points for obesity in these groups were changed (i.e., decreased BMI from
25 to 22 kg/m in the prevention of early obesity), and T2DM development®. Thus as the risk for acquiring
T2DM is higher for ethnics groups at BMI 25 kg/m?, some researchers have claimed specific physical
activity recommendations for these ethnics groups (i.e., more than the international 150 min-week
amount recommended)®,

Likewise, due to there is little information regarding blood pressure values at the same range of
blood pressure classification such as the normotensive, prehypertensive, or hypertensive state in Chilean
ethnic groups, this study aimed to compare the blood pressure levels between Chilean schoolchildren
ascendants from Mapuches and European at different blood pressure classification. A second aim was to
compare other cardiometabolic (anthropometric/body composition, cardiovascular, and muscle strength)
risk factors for HTN between groups.

Methods
In a descriptive and cross-sectional study, a population of schoolchildren, including girls and boys

from 6-13 years old, of primary public education, was invited to participate in the study by parent’s
information. Participants signed a written ascent, and parents/guardians signed written consent.
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The inclusion criteria were as follows: a) schoolchildren with adherence to more than 70% at
school, b) under the food program of the Scholar and Scholarship Auxiliary National Joint, c) parents
receiving educational information regarding the study, d) signed informed consent provided by the
parents, e) possessed one or two familial surnames to (Mapuche) or any ethnic surname to (European)
ascendance, and f) between 6 and 13 years old. The exclusion criteria were as follows: a) did not have
musculoskeletal disorders, b) did not have metal or intra-abdominal devices that can be affected by the
bio-impedance meter for body composition analyses, and c) did not refuse be measured on the day of the
evaluation. The first enrolment included (n=604) participants.

After the inclusion/exclusion criteria, a total of 64 individuals were excluded for several reasons
[(n=33) in the Mapuche and (n=31) in the European ascendants]. Thus, the sample was divided into two
main groups, Mapuches and European, as well as after the appropriate blood pressure screening (please
to see blood pressure measurements section), both groups were divided into three subgroups according to
their blood pressure classification (Mapuches; total sample n=119; ‘normotensive’ [NT], N=68,
‘prehypertensive’ [PreHTN], n=16; and ‘hypertensive’ [HTN], n=35), and the European group (European;
total sample N=421; ‘normotensive’ [NT], n=314, ‘prehypertensive’ [PreHTN], n=37; and ‘hypertensive’
[HTN], n=70). The study was developed following the Declaration of Helsinki and was approved by the
Ethics Committee of the Family Healthcare Centre Tomas Rojas of Los Lagos N° 03062016. The study
design is described in Figure 1.

[ Assessed for eligibility (n = 604) J
b Not included ‘Mapuches’ scholchildren (n = 33):
o ¢ Refused to be evaluated (n = 16)
Q # Did not attend the say of the evaluation (n = 13)
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Figure 1. Study design.
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Procedures
Ethnicity classification

The classification of ethnicity ascent was carried out using the two Chilean family surnames (i.e.,
maternal or paternal) that in the major part of the South of Chile correspond to Mapuche — people of the
Land — (i.e., in Mapudungun language) ethnic origin!. Likewise, using the surnames, the participants who
had one of the two ethnic Mapuche surnames that are particularly characteristic and different from the
European were classifying into the Mapuche group, or by contrast, who did not have any of the ethnic
surnames were classified in the European ascendant group. This classification has been reported
previously®1?,

Anthropometric measurements

Height was measured by a standard stadiometer (Health o Meter Professional, Sunbeam Products,
Inc., Chicago, IL, USA) with an accuracy of 0.1 cm, and the BMI was calculated from the measured
weight and height (kg/m?). The prevalence of obesity was calculated using standard tables used in the
Chilean public health system according to the age and percentile classification of girls and boys 3. This
procedure was consisted of 30-s to be each child was measured over the equipment without shoes, and the
body composition data were automatically stored into the specific equipment software, being this
procedure developed into a fitting room (15 °C). Body mass index (BMI, kg/m?) was used to be determined
accordingly to the Chilean public nutritional classification norm using age, gender, and the respective
percentile!*. Thus, the participants were classified as underweight (BMI; <10™ percentile), normal weight
(10™ to <85 percentile), obesity risk (85 to <95 percentile), and obesity (>95" percentile)*.

Waist circumference was measured with an inextensible tape with 0.1 cm accuracy (Hoechstmass,
Sulzbach, Germany). The body composition outcomes of body mass, fat mass (in percentage), and muscle
mass (in kilograms) was measured using an electrical bioimpedance meter InBody120™, tetrapolar 8-
point tactile electrodes system (model BPMO040S12F07, Biospace, Inc., Seoul, Korea) with 0.1 kg
precision, as used previously'®. The measurements were carried out in an appropriate room between 9 in
the morning and 1 in the afternoon.

Muscle strength measurement

Handgrip strength in the dominant (HGSd) and non-dominant arm (HGSnd) were measured as
determined elsewhere®® with an adjustable grip (model Jamar™, PLUS+, Sammons Preston, Patterson
Medical, IL, USA). Schoolchildren were instructed to gradually and continuously tighten their grip for at
least 5 seconds of maximal effort while receiving verbal motivation, performing the test twice (alternately
with both hands).

Blood pressure and cardiorespiratory measurements

The blood pressure was assessed by a digital sphygmomanometer based on standard criteria
procedures'’, considering; ‘normotension’ systolic (SBP)/or diatolic blood pressure (DBP) <90%
percentile, ‘prehypertension’ SBP/DBP >90" percentile and <95" percentile, and ‘hypertension’
SBP/DBP >95™ percentile including age, sex, and height percentiles. The prevalence of HTN was
described by each normotensive or obesity degree (Table 1). The measurements were applied in triplicate,
with a 2-min interval between measures, and using electronic devices (Omron HEM 7114™, Omron
Healthcare, Inc., Japan) previously used®. Additionally, the intra-class coefficient (ICC) was calculated
among measurements reporting high reliability (ICC; 0.93). The characteristics of the participants are
summarized in (Table 1).
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By a pulse-led capillary scatterometer (model CMS50M, Therapeutics Goods, ARTG Inc., AUS),
the oxygen saturation (SpO2) was measured in participants during 15-30 s with a precision of 70 to ~100
+ 2%. Additionally, and using the same electronic device, we obtained the heart rate at rest.

Statistical analyses

Data are presented as the mean and 95% confidence interval (95%CI) for continuous variables in
Table 1, Figure 2, Figure 3, and as a percentage for categorical variables in Table 1. The General Linear
Model (by Univariant analyses) was used to test the blood pressure differences among the different NT,
PreHTN, and HTN blood pressure state classifications by ethnicity (i.e., Mapuches vs. European);
furthermore, using SBP, DBP, and all the other cardiometabolic anthropometric/body composition,
cardiovascular and muscle strength outcomes, the factors ethnicity and BP classification were compared
in these outcomes. Additionally, Sidak’s post hoc was used for identifying group differences. For
categorical variables, the chi-square test was used to identify differences between groups. Multivariable
analyses were carried out for continuous outcomes between groups. Effect size (ES) for interaction (Time
x Group) was assessed by n? obtained from the ANCOVA with small (n?=0.01), medium (n?=0.06), and
large (n?=0.14) effects. Data were analyzed in SPSS version 23 software, using an alpha level of p<0.05.

Results

There were no differences between Mapuches and European in the anthropometric outcomes of
body mass and BMI (Table 1). There were significant differences in height in the PreHTN between
Mapuches [mean (95%CI)] [158 (144.0, 171.0)] and European [146.0 (138.0, 153.0)], as well as in the
HTN state [132 (122.0, 141.9) and144.0 (138.0, 149.0), respectively] between Mapuches and European
(Table 1). In cardiovascular parameters, there were significant differences in heart rate at rest between
Mapuches [99 (86.0, 112.0) bests/min] and European [88.0 (83.0, 93.0) beats/min] at p<0.05 in the NT
blood pressure state (Table 1). No ethnic differences were found in oxygen saturation between groups
(Table 1). Mapuches schoolchildren showed more obesity at the PreHTN state 6 (37.5%) vs. European
peers 8 (20.5%), but, by contrast, at the HTN state, these showed less obesity 8 (21.1%) vs. European 33
(43.4%) (Table 1). At HTN prevalence, Mapuches showed to be more prevalent at 38 (31.1%) vs.
European peers 76 (17.5%) (Table 1).

Regarding muscle strength, there were significant differences in the HGSd in the NT state between
Mapuches [19.4 (15.3, 24.0) kg] and European [14.8 (13.3, 18.8) kg] at p<0.05; and in the HGSnd between
these groups [18.7 (14.7, 22.6) and 14.1 (12.5, 15.6) kg, respectively] (Table 1). Similarly, in the PreHTN
state, there were significant differences in the HGSd between Mapuches [24.9 (19.8, 29.9) kg] and
European [18.8 (16.0, 21.8) kg] at p<0.05; there were also differences in the HGSnd [23.0 (18.4, 27.5)
and 16.3 (13.4, 18.7) kg, respectively] at p<0.05 between Mapuches and European (Table 1).
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Table 1. Characteristics of the sample.
Mapuches (n = 122)

European (n = 433)

NT PreHTN HTN NT PreHTN HTN p-value

(n=68) (n =16) (n=38) (n =318) (n=39) (n =76) interaction

Variables Mean (95%Cl) Mean Mean Mean (95%CIl) Mean (95%CI) Mean (95%CI) groups”
(95%Cl) (95%Cl)

Anthropometric
Age (y)* 105 (8.8-12.1) 12.0 (10.0-13.9) 8.8 (7.4-10.1) 8.4 (7.8-9.1) 11.2 (10.1-12.3) 10.3 (9.5-11.1) p=0.01§, ES
Body mass (kg)* 36.1 (24.5-47.6) 60.5 (47.2-73.8) 36.5 (27.0-45.9) 33.6 (29.0-38.2) 50.2 (42.5-57.9) 46.3 (40.8-51.7) pzogJ%, ES
Height (cm)* 1.42 (130-153) 158 (144-171) 132 (122-141) 132 (127-137) 146 (138-153) 144 (138-149) p=0.011, ES
BMI (kg/m?)* 17.8 (14.3-21.2) 24.2 (20.2-28.1) 20.6 (17.8-23.4) 18.9 (17.5-20.2) 23.0 (20.7-25.2) 21.8 (20.2-23.4) .
Prevalence of obesity
Normoweight, n=(%)" 25 (36.8%) 7 (43.8%) 13 (34.2%) 140 (44.0%) 14 (35.9%) 17 (22.4%) p=0.816
Obesity Risk, n=(%)" 32 (47.1%) 3 (18.8%) 14 (36.8%) 110 (34.6%) 15 (38.5%) 20 (26.3%)
Obesity, n=(%)" 11 (16.2%) 6 (37.5%)t 8 (21.1%)t 64 (20.1%) 8 (20.5%) 33 (43.4%)
Cardiovascular
Systolic BP (mmHg)* 113 (100-125) 130 (114-139) 131 (119-138) 108 (103-112) 129 (123-130) 138 (133-144) p=0.485
Diastolic BP (mmHg)* 80 (69-89) 82 (69-94) 88 (74-102) 67 (62-71) 80 (74-90) 82 (78-92)
Heart rate rest (b/min)* 99 (86-112) 82 (66-97) 90 (79-100) 88 (83-93) 88 (79-96) 90 (83-96)
Oxygen saturation* 98 (94-100) 92 (88-95) 98 (95-100) 95 (94-97) 97 (95-99) 98 (96-99)
Prevalence of HTN (%) 38 (31.1) 76 (17.5)
Muscle strength
HGSd (kg)* 19.4 (15.3-24.0)0t  24.9(19.8- 29.9)f  15.2(11.6-18.7) 14.8 (13.3-18.8) 18.8 (16.0-21.8) 18.5 (16.4-20.5) pzo.ggg, ES
HGSnd (kg)* 18.7 (14.7-22.6)t  23.0 (18-4-27.5)t  16.7(12.5-18.9) 14.1 (12.5-15.6) 16.3 (13.4-18.7) 17.8 (15.9-19.6) pzo.ggg, ES

Data are presented as mean and 95%confidence interval (95%CIl) to continuous (*), and as N=and % percentage (1) to categorical outcomes. The General Linear
Model by Univariant analyses was used to analyse the continuous and Chi-square for categorical outcomes comparisons. (BMI) body mass index, (NT)
normotension state, (PreHTN) prehypertensive state, (HTN) hypertensive state, (HGSd) handgrip strength test of the dominant hand, (HGSnd) handgrip strength
test of the non-dominant hand. (#) Univariant ANOVA test. () Denotes significant difference at p<0.05 vs. the same blood pressure state of the European group
by Sidak’s post hoc. ES: denote Lakens n? Effect Size.
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Comparing Mapuches and European peers, there were no differences in the waist circumference
and BMl inthe NT, PreHTN, or HTN blood pressure state (Figure 2 panel A and B). There were significant
differences in the fat mass values at the NT state [17.8 (15.5, 20.2) vs. 27.2 (25.9, 28.1)] in Mapuches vs.
European (Figure 2 panel C). There were no differences in fat mass between ethnic groups in the PreHTN
or the HTN blood pressure state (Figure 2 panel C). There were significant differences in muscle mass
between groups in the PreHTN state [Mapuches 22.5 (20.2, 24.3) kg vs. European 17.1 (16.2, 18.3) kg]
(Figure 2 panel D).
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Figure 2. Body composition differences at the level of A) waist circumference, B) BMI, C) fat mass, and D) muscle mass in
schoolchildren Mapuches and European ascendants. (BMI) body mass index. (*) Denotes significant differences at p<0.05
between ethnics groups at one (normotensive or prehypertensive) blood pressure state classification.

Figure 3 panels A, B, and C show that regarding SBP values, there were no differences by ethnicity
in the three NT, PreHTN, and HTN blood pressure states. Regarding DBP, there were significant
differences between Mapuche [78.6 (69.5, 84.3) mmHg] and European schoolchildren [66.5 (63.6, 68.5)
mmHg] at p<0.0001 in the NT blood pressure state (Figure 3 panel A). On the other hand, in the PreHTN
and HTN blood pressure state, there were no differences in DBP by ethnic group (Figure 3, panels B and
C).
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Figure 3. Blood pressure differences at the level of A) normotension, B) prehypertension, and C) hypertension state of
classification in schoolchildren Mapuches and European. (NT) Normotension, (PreHTN) Prehypertension, (HTN)
Hypertension. (EYR) Denotes significant (P<0.0001) differences between Mapuches vs. European schoolchildren at
normotension in diastolic blood pressure.

Discussion

The main findings of this study are that at the normotensive BP state, Mapuche schoolchildren
show higher levels of DBP than European peers (Figure 3). Despite WHO has proposed the use of
percentiles including age, sex, and height for children blood pressure screening, there are several concerns
at the level of anthropometric (i.e., height, adiposity) and the westernized environments that can change
the cardiometabolic health in schoolchildren by continent or country.

In this line, although the normotensive, prehypertensive, and HTN states have an established range
as a cut-off among these, the mean data in each of these categories of SBP and DBP can be worsened (i.e.,
increased) an vary by ethnic group, and due to the environment. Thus, although there is widely described
that hypertensive transmitted high blood pressure to their children (i.e., 20% of children with high blood
pressure have parents with HTN)%, in other diseases such as obesity, some organizations have
recommended the use of different cut-off points, for example, by the use of different waist circumference
cut-off points according to ethnicity/continent (i.e., European [>102 to &, and >88 cm to @], South
American [>90 to &, and >80 cm to 9])%.

In this study, we found a prevalence of HTN of 17.6% in Europe and 31.1% in Mapuche
schoolchildren. Other authors such as Bancalari et al.?* in a sample of 2,980 teenagers, showed a mean
HTN prevalence of 13.6%, in which girls showed lower HTN prevalence (12.2%) than boys (14.9%), and
normal-weight boys also showed lower HTN prevalence (8.9%) than obese boys (26.1%). Approximately
forty years ago, Norero et al.?? reported that the HTN prevalence in a sample of urban Chilean
schoolchildren was 11.8% in SBP and 5.2% in DBP. In contrast, other South American studies, for
example, Anglony et al.?3, in a sample of 112 urban schoolchildren, reported a low HTN prevalence of
2.7% and 3.6% to prehypertension. Others, as Barja et al.?* showed an HTN prevalence of 21% in children
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with severe obesity. By the present, in our Mapuche sample, we are showing a non-necessary obesity-
dependent association for high blood pressure, wherein each normotensive, prehypertensive, and HTN
state we have compared blood pressure mean data. We speculate that around the world, there are new
cardiometabolic risk factors, such as sedentary behavior, physical inactivity, video game use, electronic
devices as screens, and short sleep duration, for increased SBP and DBP, leading thus to an early HTN
risk in schoolchildren, but this can vary by specific non-explored ethnic groups. Additionally, it is also
presumably, that genetic factors can exacerbate the effect of all these new cardiometabolic risk factors in
Mapuche schoolchildren compared to their European pairs.

Interestingly, some ethnic groups showed more T2DM risk at a more early BMI (i.e., 22 kg/m?),
some adult studies have claimed specific physical activity recommendations for this ethnic populations.
However, although we also recognize differences in adults and children, there is unexplored information
yet in schoolchildren regarding the etiology/epidemiology of HTN in how these new cardiometabolic risk
factors such as the television exposure?®, sedentary behavior?®, video games, and a low sleep time
artificial?’, and light exposure?® among others can provide less/more detrimental effects in their
cardiometabolic health. For example, regarding muscle strength, there is a need for acquired knowledge
of cut-off values for different regions and countries regarding how the handgrip strength can predict HTN
or high blood pressure at early ages, due to handgrip is a practical and easy test for performing in
schoolchildren?®,

Some limitations of this study are that a) we did not assess biological maturation, b) the Mapuche
sample was less than European, c) we did not measure official ethnic Mapuche community, d) we did not
measure physical activity by accelerometers, ) we do not include familial HTN history. A strength of the
present study was that we included additional risk factors such as body composition, astrometry, and
muscle strength.

Conclusions

In conclusion, under a similar blood pressure state of criteria classification as normotension with
their range, Mapuches' schoolchildren's ascendants showed higher diastolic blood pressure levels than
European peers. These findings suggest the development of future more complex studies to corroborate
ethnic differences at a similar blood pressure state.
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