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ABSTRACT

Background: Previous reports of our work group demonstrated that the native population of Quilmes (Tucumén) has a high rate of
overweight and obesity and a Western pattern diet. The 2023 SONQO-CALCHAQUI III program was designed to evaluate whether
these characteristics are shared by other native communities in the Calchaqui Valleys.

Objective: The aim of this study was to evaluate the cardiovascular variables in three native communities of the Calchaqui Valleys
and their possible differences.

Methods: We conducted a cross-sectional study in the communities of Cachi, Colalao del Valle and Fuerte Quemado. The partici-
pants answered questionnaires and were evaluated with electrocardiogram, anthropometric determinations and endurance and
muscular strength testing.

Results: A total of 819 inhabitants were included (Cachi: 292; Colalao del Valle: 251; Fuerte Quemado: 276). Mean age was 52.9 +
0.6 years. A high proportion of patients had not checked their cardiovascular risk factors; 39.5% were overweight, 28.1% were obese,
38.9% had normal waist circumference; 9.5% presented carotid atherosclerotic plaques and 39.1% had reduced hand grip strength.
The Edmonton Scale revealed that the population was non-frail. The Mini-Mental test indicated mild to moderate cognitive impair-
ment. Colalao del Valle had the best health status but residents of Fuerte Quemado had better sleep quality and self-esteem.
Conclusions: The population is not homogeneous, and each community has its own characteristics. In general, physical fitness is
acceptable, but the rate of overweight and obesity is high, regardless of the community in which they live, indicating a Western diet
pattern. There are, however, local factors with a protective role in cardiovascular disease that should be further investigated in this
population.

Keywords: Native population - South America - Middle and high mountains - Cardiovascular variables — Epidemiology
RESUMEN

Introduccion: En reportes anteriores de nuestro grupo de trabajo se demostré que la poblacion originaria de Quilmes (Tucumén)
presenta un alto indice de sobrepeso y obesidad y un régimen alimentario occidentalizado. Para evaluar si estas caracteristicas son
compartidas por otras comunidades originarias de los Valles Calchaquies se llevé a cabo el Programa SONQO-CALCHAQUI III
(Edicién 2023).

Objetivo: Evaluar variables cardiovasculares en tres comunidades originarias de los Valles Calchaquies y sus posibles diferencias.
Material y métodos: Estudio descriptivo transversal en las comunidades de Cachi, Colalao del Valle y Fuerte Quemado. Se realizaron
cuestionarios, electrocardiograma, ecocardiograma, determinaciones antropométricas, y pruebas de resistencia y fuerza muscular.
Resultados: Se incluyeron 819 pobladores (Cachi: 292; Colalao del Valle: 251; Fuerte Quemado:276). La edad promedio fue 52,9+0,6
afnos. Alta proporcién de pacientes no controlaba el estado de sus factores de riesgo cardiovascular. El 39,5 % tenia sobrepeso y 28,1
% obesidad. El 38,9 % presentaba un perimetro de cintura normal. Un 9,5 % presentaba placa aterosclerética carotidea y 39,1 %
tenia la fuerza prensil disminuida. Segtn la escala de Edmonton la poblacion se encontraba en rango no fragil. E1 Minimental test
indicé deterioro cognitivo leve a moderado.
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En Colalao del Valle se detect6 un mejor estado de salud, pero en Fuerte Quemado se evidencié una mejor calidad de suefo y auto-

estima.

Conclusiones: No se observé una poblacién homogénea, teniendo cada comunidad caracteristicas diferenciadas. En general el estado
fisico es aceptable pero con un alto indice de sobrepeso y obesidad, independientemente de la comunidad donde viven, indicando una
occidentalizacion de los habitos alimenticios. Sin embargo existen factores locales con un rol protector cardio—vascular que deben

ser estudiados méas a fondo en esta poblacién.

Palabras clave: Poblacién originaria- Sudamérica - Media y alta montana - Variables cardiovasculares — Epidemiologia

INTRODUCTION

The SONQO-CALCHAQUI I and II Programs (years
2018 and 2022) evaluated the Quilmes native commu-
nity (Colalao del Valle, Tucumaén), descendants of the
people who settled in that area at the end of the 15th
century. (1) The inhabitants had a high rate of over-
weight and obesity, (2) with a prevalence of cardiovas-
cular risk factors similar to that described in urban
centers. (3) The diet was based on flour. Yet, the physi-
cal condition was acceptable. (4)

Because of the characteristics of the native com-
munities living in the Calchaqui Valleys (scattered
settlements with distinctive historical, geographic
and sociocultural characteristics), the question aris-
es whether these findings would be similar in other
communities in the same location. The 2023 SONQO-
CALCHAQUI III Program studied the native commu-
nities of Cachi (province of Salta, 2530 m above sea
level); Colalao del Valle (province of Tucuman, 3500
m above sea level) and Fuerte Quemado (province of
Catamarca, 1795 m above sea level). Therefore, the
aim of the present study was to evaluate three native
communities of the Calchaqui Valleys, which, despite
having similar sociocultural characteristics, present
local particularities that could influence the variables
studied.

METHODS

We conducted a cross-sectional descriptive study carried out
on volunteers = 18 years who attended the SONQO-CAL-
CHAQUI III Program in Cachi, Colalao del Valle and Fuerte
Quemado from September 23 to October 1, 2023. In order
to evaluate only the native population, we worked together
with the community delegate. The following determinations
were carried out in offices implemented in the local schools:

Office 1 (Surveys):

- Targeted cardiovascular survey. (3,4)

- Mini-Mental State Examination, that evaluates cogni-
tive impairment. (5)

- 24-hour dietary recall (6)

- Food frequency questionnaire: semi-quantitative ques-
tionnaire that includes 19 food items indicating the fre-
quency of consumption (daily, weekly or monthly) in the
last year.

- 12-Item Short Form Survey (SF-12): assesses self-per-
ceived health status on a scale of 0 to 48. (7)

- 10-item Rosenberg Self-Esteem Scale on a scale of 0 to
40. (8)

- Pittsburgh Sleep Quality Index. (9)

- Frailty test (Edmonton Scale). (10)

Office 2 (Anthropometry, blood pressure and pulse oximetry):
Body mass index (BMI), expressed in kg/m? was calculated
and values =18,5 and < 25 were considered normal. Waist
circumference (normal < 88 ¢cm in women and < 102 cm in
men) and neck circumference (normal < 43 ¢cm) were meas-
ured.

Blood pressure (BP) was measured with an automatic
BP monitor (Omron ® 7120) according to the guidelines of
the Argentine Consensus on Hypertension. (11)

Oxygen saturation (%) and heart rate (bpm) were meas-
ured by plethysmography using a pulse oximeter (Contec®
CMS50N).

Office 3 (Electrocardiogram):
12-lead electrocardiogram with a digital machine (Jotatec®
TaurusTouch).

Office 4 (Echocardiography):

The dimensions (mm) and areas (cm2) of the cardiac struc-
tures (Esaote® MyLab 30 Gold) were recorded, and the left
ventricular ejection fraction (LVEF) was calculated using
the Simpson biplane method. (12)

Office 5 (Peripheral vascular ultrasound):
The neck vessels were evaluated using Doppler ultrasound
(Esaote® MyLab 30 Gold).

Office 6 (Endurance and muscular strength testing):
The Ruffier-Dickson test was used to assess endurance to
physical stress. (13). The Ruffier index was calculated as the
sum of resting heart rate plus exercise heart rate plus post-
exercise heart rate minus 200 and divided by 10. The follow-
ing scale was considered: 0: very good; 0.1 to 5: good; 5.1 to
10: average; 10.1 to 15: insufficient and 15.1 to 20: poor.

The maximum hand grip strength was measured by
means of a hydraulic dynamometer (Jamar®) in the domi-
nant hand and was calculated as the average of 3 trials. The
normal values considered were = 27 kg and =16 kg in women.
(14)

Exclusion criteria: people with sensory, cognitive or
motor disabilities.

Statistical analysis

The results were expressed as mean * standard error. Nomi-
nal variables were analyzed using the chi-square (y?) test (2)
or Monte Carlo simulation (when data was 0). The Student's
t-test was used for pooled data and ANOVA for numerical
variables. A p value < 0.05 was considered statistically sig-
nificant. All the statistical calculations were performed us-
ing Prism 5.0.2 software package.

Ethical considerations
The study was approved by the Research Ethics Committee
of the SI.PRO.SA Research Department (Decision 34/2022).
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All patients gave their informed consent before participating
in the study.

RESULTS

Of the 880 inhabitants who participated in the SON-
QO-CALCHAQUI 2023 Program, 819 were included
in this study (Cachi: 292, Colalao del Valle: 251, and
Fuerte Quemado: 276); 510 were women and 309 were
men. There were no differences in the distribution by
sex in the communities. Mean age was 52.9%+0.6 years
(Cachi: 53.3+1.0 years, Colalao del Valle: 51.6+1.1
years and Fuerte Quemado: 53.7=1.0 years; p =
0.392).

Office 1

Socioeconomic and educational data:

Illiteracy was found in 11.5% of the population; 43.3%
had completed primary education, 29.7% had second-
ary education, 10.4% had tertiary education and 2.6%
were university graduates. A total of 3.1% participants
did not answer this question. A different distribution
was found in the three communities, with a lower pro-
portion of illiteracy and more university students in
Colalao del Valle (p = 0.041).

Occupation: 23.1% were housewives, 12.4% were
unemployed, 41.5% were active workers and 14.0%
were retired. A total of 4.0% participants did not an-
swer this question. There were no differences between
the three communities.

Medical coverage: 36.8% had no coverage, 32.4%
had social security, 22.1% had PAMI (a medical retire-
ment plan) and 5.6% had prepaid medical insurance.
A total of 2.7% participants did not answer this ques-
tion. There were no differences between the three
communities.

Mobile telephone: 52.4% did not own a mobile tele-
phone (42.5% in Cachi; 63.7% in Colalao del Valle and
52.5% in Fuerte Quemado; p<0.001). All the partici-
pants answered this question.

Targeted cardiovascular survey:

The distribution of self-reported cardiovascular risk
factors is shown in Table 1. Approximately 30% of pa-
tients had not had their blood pressure checked, while
more than 60% and more than 75% had not had their
blood sugar and cholesterol levels measured, respec-
tively, in the past year. Of the 258 inhabitants with hy-
pertension, 26.0% were not receiving pharmacological
treatment (52.0% in Cachi. 12.3% in Colalao del Valle
and 17.6% in Fuerte Quemado; p < 0.001).

The 95 smokers smoked 5.6 + 0.8 cigarettes per day
(with no differences between the three communities).

Of the 126 inhabitants with known diabetes,
27.8% were not receiving pharmacological treatment
(13.3% in Cachi, 56.0% in Colalao del Valle and 42.3%
in Fuerte Quemado; p < 0.001).

Of the 72 inhabitants with known dyslipidemia,
only three were receiving pharmacological treatment.

Mini-Mental State Examination

The average score was 15.0 = 0.1 points (with no dif-
ferences in this item in the three communities), indi-
cating a population with mild to moderate cognitive
impairment.

Diet
a) 24-hour dietary recall:

Breakfast: 49.0% drank yerba mate and 36.5% an-
other infusion; 63.1% of them also ate (mainly home-
made) bakery and 7.6% did not have breakfast (4.5%
in Cachi, 8.8% in Colalao del Valle and 9.8% in Fuerte
Quemado; p = 0.038).

Snack: 7.9% drank water alone, 8.5% drank water
with other foods (mainly seasonal fruits) and 44.9%
ate other foods; 38.6% did not eat snacks (30.8% in
Cachi, 41.4% in Colalao del Valle and 44.2% in Fuerte
Quemado; p= 0.002).

Lunch: 21.2% ate some kind of stew, 13.6% ate
meat, 7.9% chicken, 14.9% pasta, 21.0% rice and 13.6%
ate some other kind of food; 12.9% of respondents had
consumed a dessert (usually seasonal fruit) and 7.8%
did not have lunch (without differences between the
three communities).

Afternoon snack: 44.4% drank yerba mate and
38.0% had another infusion accompanied by (mainly
homemade) bakery in 57.9% of the respondents; 17.6%
did not eat an afternoon snack (15.4% in Cachi, 23.9%
in Colalao del Valle and 14.1% in Fuerte Quemado; p
= 0.006); 10.6% ate something between the afternoon
snack and dinner (19.5% in Cachi, 6.0% in Colalao del
Valle and 5.4% in Fuerte Quemado; p < 0.001).

Dinner: 52.9% had dinner, generally the same meal
as lunch (Cachi: 63.7%, Colalao del Valle: 43.8% and
Fuerte Quemado: 48.9%; p < 0.001).

b) Food frequency questionnaire: the main re-
sults in the three communities are shown in Figure
1. There was higher consumption of meat, vegetables
and fruits in Colalao del Valle and of bakery products
in Cachi. The number of sugar and water servings per
month was similar in the three communities (Cachi:
36.6 = 7.1, Colalao del Valle: 36.5 + 2.7 and Fuerte
Quemado: 31.4 = 3.2 and Cachi: 106.9 = 5.1, Colalao
del Valle: 106.5 = 4.7 and Fuerte Quemado: 110.2 +
4.8, respectively).

Quality of life, self-esteem, sleep quality, and frailty question-

naires

a) SF-12: mean score was 35.6 = 0.2 points (Cachi:
36.0 £+ 0.4 points, Colalao del Valle: 36.3 = 0.4 and
Fuerte Quemado: 34.5 + 0.4; p = 0.003).

b) Rosemberg Self-Esteem Scale: mean score was
28.9 * 0.2 points (Cachi: 28.5 + 0.2 points, Colalao
del Valle: 28.5 = 0.2 and Fuerte Quemado: 29.8 =
0.3; p = 0.003).

¢) Sleep assessment: sleep quality was rated very
good in 23.1%, fairly good in 55.8%, fairly bad in
16.9% and very bad in 4.2%. There were no differ-
ences between the three communities. 20.3% took
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Tabla 1. Targeted cardiovascular survey

Cachi Colalao Fuerte Total

del Valle Quemado
(n=292) (n=251) (n=276) (n=819)

Did you check your BP YES 71.2% 74.9% 61.2% 69.0% 0.002

in the last year?

Do you have HTN? YES 25.7% 32.3% 37.0% 31.5% 0.025
NO 59.2% 54.2% 46.4% 53.4%
IDK 15.1% 13.5% 16.7% 15.1%
Do you smoke? YES 11.6% 11.2% 12.0% 11.6% <0.001
NO 84.6% 76.1% 79.0% 80.1%
FORMER 3.8% 12.7% 9.1% 8.3%
SMOKER
Did you check your blood sugar YES 25.7% 47.0% 40.6% 37.2% <0.001

levels in the last year?

Do you have diabetes? YES 25.7% 10.0% 9.4% 15.4% <0.001
NO 63.0% 88.4% 87.3% 79.0%
IDK 11.3% 1.6% 3.3% 5.6%

Did you check your cholesterol YES 30.8% 25.9% 13.4% 23.4% <0.001

in the last year?

Do you have dyslipidemia? YES 24.3% 0.4% 0.0% 5.6% <0.001
NO 15.8% 0.0% 0.0% 8.8%
IDK 59.9% 99.6% 100% 85.6%

Did you suffer a MI? YES 13.4% 2.8% 33% 6.7% <0.001
NO 79.8% 88.0% 85.9% 84.4%
IDK 6.8% 9.2% 10.9% 8.9%

Did you suffer a stroke? YES 20.2% 2.8% 5.1% 9.8% <0.001
NO 76.4% 92.4% 87.3% 85.0%
IDK 3.4% 4.8% 7.6% 53%

BP: blood pressure; HTN: hypertension; IDK: | don't know; MI: myocardial infarction
In the case of only “yes” or “no" questions, only the affirmative answer is presented. When there was also the option “l don't know"” the data of
the three possible answers are presented

20 Fig. 1. Food frequency ques-
tionnaire in the communities
* studied
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Fig. 2. Results of the Ruffier-

Dickson test
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medicine to sleep at least once in the last month
(Cachi: 29.8%, Colalao del Valle: 11.2% and Fuerte
Quemado: 18.5%; p < 0.001). A total of 45.3% re-
ported drowsiness at some time during daily ac-
tivities (Cachi: 36.0%, Colalao del Valle: 46.2% and
Fuerte Quemado: 54.3%; p < 0.001).

d) Frailty test (Edmonton Scale): the value obtained
was 3.6 £ 0.1 points (range considered as non-
frail). There were no differences between the three
communities.

Office 2

Mean BMI was 28.3+0.3 kg/m? (overweight). Of the
population, 0.8% was undernourished, 31.6% had ade-
quate weight, 39.5% were overweight and 28.1% were
obese, with no differences between the three commu-
nities. The mean waist circumference was 98.5 + 0.7
cm (Cachi: 96.5 = 0.9 em, Colalao del Valle: 97.3 = 0.9
and Fuerte Quemado: 100.9 + 1.3; p = 0.014). Waist
circumference was within normal ranges in 38.9% of
the population, with no differences between the three
communities. Neck circumference was also not sig-
nificantly different, with a mean value of 38.6 + 0.5
cm, normal in 82.9% of the inhabitants (Cachi: 78.1%,
Colalao del Valle: 89.9% and Fuerte Quemado: 79.9%;
p = 0.022).

Systolic blood pressure was 128.9 = 0.9 mm Hg
(26.6% presented elevated values), diastolic blood
pressure was 77.2 + 1.4 mm Hg (11.0% with elevated
values), and heart rate was 71.0 = 0.5 beats per min.
There were no differences in these parameters be-
tween the three communities. Oxygen saturation was
95.4 = 0.1% (Cachi: 94.4 = 0.5%, Colalao del Valle:
95.8 + 0.2% and Fuerte Quemado: 96.1 = 0.2%; p =
0.004).

Office 3

The ECG was abnormal in 26 subjects (two had atrial
fibrillation; nine had right bundle branch block and
two had left bundle branch block).

Office 4

The echocardiogram was abnormal in 15.8% of the in-
habitants (Cachi: 20.5%, Colalao del Valle: 13.9% and
Fuerte Quemado: 12.3%; p = 0.017). These abnormal-
ities included two cases of congenital heart disease,
six of valvular calcifications, two cases of valvular ste-
nosis, seven of valvular regurgitation and one case of
pericardial effusion.

Office 5

No aneurysms, tumors or vascular malformations
were found. Atherosclerotic plaques were detected in
9.5% of the inhabitants, with no significant differenc-
es between the three communities.

Office 6

The Ruffier-Dickson test was performed on 596 sub-
jects. Resting heart rate was 71.5 + 0.5 bpm, increased
to 101.3 £ 0.7 bpm during exercise (43.1 + 0.9% in-
crease; p < 0.001) and decreased to 78.8 = 0.6 bpm
post-exercise (a 21.8 + 0.4% decrease; p < 0.001). The
inhabitants of the community of Colalao del Valle pre-
sented greater increase and lesser decrease in heart
rate. The number of squats performed was 24.1 + 0.3
(without significant differences).

The Ruffier index was 5.2 = 0.1. Mean Ruffier in-
dex (Cachi: 4.9 + 0.2, Colalao del Valle: 5.8 = 0.3 and
Fuerte Quemado: 5.1 + 0.3; p = 0.038) and its dis-
tribution (Figure 2) were different between the three
communities.
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Hand grip strength was evaluated in 667 inhabit-
ants using a dynamometer. The mean value was 25.2
+ 0.6 kg (Cachi: 22.8 + 0.9 kg, Colalao del Valle: 28.7
+ 1.2 and Fuerte Quemado: 24.8 = 1.1; p = 0.002).
Hand grip strength was reduced in 39.1% of the in-
habitants, with no significant differences.

It should be noted that 14 patients were referred
to a more complex care center as a result of the results
obtained.

DISCUSSION

In this new phase of the SONQO-CALCHAQUI Pro-
gram we were able to compare some parameters relat-
ed to cardiovascular health in the inhabitants of three
native communities of the Calchaqui Valleys.

There were differences in the variables under study
in the three communities. Colalao del Valle inhabit-
ants have better health status because their educa-
tional level is higher, patients with hypertension and
diabetes are better treated and a higher percentage of
the population has normal neck circumference. How-
ever, residents of Fuerte Quemado have better sleep
quality and self-esteem. These differences indicate
that the inhabitants of the Calchaqui Valleys are not
a homogeneous population, but that each community
has its own characteristics. Follow-up studies should
be conducted to assess the future impact of these dif-
ferent characteristics on cardiovascular health.

According to the records reviewed, the sample
represents 4.4% of the total population of Cachi and
11.1% of the total population of Colalao del Valle. (15)
Fuerte Quemado lacks recent statistics, so this data
could not be calculated. Interestingly, the records re-
viewed do not differentiate between native and non-
native inhabitants, so it can be assumed that the
sample recorded in this study is representative of the
native communities studied.

Although the three communities have some dif-
ferent features, they share similar characteristics in
terms of non-frail populations with good self-esteem,
good sleep quality, and mild to moderate cognitive im-
pairment.

It is worth noting that the average BMI was in
the overweight range and that 67.6% of the popula-
tion was overweight. One bias of the present study
may be the lack of sampling, as the population evalu-
ated consisted of individuals who voluntarily agreed
to participate. However, this finding was already ob-
served in previous editions of the SONQO-Calchaqui
Program (2,4) and has been reported by other au-
thors. (16) In addition, high levels of overweight have
been reported in other native populations in Argen-
tina, such as the Wichi (17) and Toba communities.
(18) A recent study showed that the inhabitants of
Northwest Argentina have a high rate of overweight
and obesity. (19) The high BMI may be due to dietary
changes. In the present study, the 24-hour dietary re-
call questionnaire showed low intake of fruits, nuts,
and legumes. To underscore this point, the 24-hour

recall indicates a diet based on stew, rice and pasta,
with low intake of dairy products. Archaeological
studies indicate that the diet of the Calchaqui Valleys
has been based on carbohydrates since prehistoric
times. (20) This difficult access to food has persisted
to the present day, with the difference that the access
to processed food is increasing. The low consumption
of nuts (which have proven cardiovascular benefits)
(21) is particularly noteworthy, given that this area is
a producer of nuts. Several factors are likely to be in-
volved in the poor choice of food, especially economic
factors: (22) more than half of the population is not
employed and does not have tertiary education. This
is coupled with the difficult access observed in this
geographical area since prehistoric times, (20) as well
as the difficulty of storage and social factors. This
poor dietary choice should be further investigated as
it has a direct impact on the cardiovascular health
of the population. It is noteworthy that the low con-
sumption of ultra-processed food and the high con-
sumption of yerba mate suggest that the process of
westernization is not yet complete.

Regarding economic factors, it has been shown in
other populations that people of low socioeconomic
status have low protein diets, mainly due to the higher
cost of healthy food. (23,24)

The decreased hand grip strength found in 39.1%
of the population could indicate sarcopenia. However,
the Ruffier index was found to be within the average
to good range, with a limited number of subjects in the
insufficient range, indicating adequate cardiac endur-
ance during exercise. (25) In this regard, it is impor-
tant to consider the potential protective role that their
lifestyle and socioeconomic status may play in other
health domains (sleep quality and self-esteem). It can
be hypothesized that deep-rooted traditions, coupled
with a social background that accompanies and gives
identity to the person, together with a rough terrain
which implies greater physical activity, would be im-
portant factors in this protective role. In this sense,
further studies are needed to validate this hypothesis.

The absence of atherosclerotic lesions in most
of the population studied (only 9.5% of the popula-
tion had plaques on neck vessel Doppler ultrasound)
would support the existence of local factors with a car-
diovascular protective role. In other populations, it is
difficult to find patients with elevated BMI without
atherosclerotic plaques. Whether this protection is ge-
netic or epigenetic remains to be determined in future
studies.

In conclusion, the inhabitants of the Calchaqui
Valleys are not a homogeneous population, and each
community has its own characteristics. In general,
their physical fitness is acceptable, but the rate of
overweight and obesity is high, regardless of the com-
munity in which they live, indicating a Western diet
pattern. There are, however, local factors with a pro-
tective role in cardiovascular disease that should be
further investigated in this population.
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