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ABSTRACT

Introduction: diabetes and arterial hypertension are increasing in adults, where calf circumference and
waist circumference are two clinical epidemiological markers poorly studied for predicting cardiometabolic
risk.

Objective: to characterize four phenotypical models in the Chilean adult population based on muscleness
and fatness using both calf circumference and waist circumference outcomes.

Methodology: An epidemiological observational cross-sectional representative study based on the Chilean
National Health Survey 2016-17, where four phenotypes groups were analyzed; Low skeletal muscle mass
and high-waist circumference (Lsmm-Hwc, n=140), low skeletal muscle mass and low waist circumference
(Lsmm-Lwc, n=242), high skeletal muscle mass and high waist circumference (Hsmm-Hwc, n=1076), and high
skeletal muscle mass and low waist circumference (Hsmm-Lwc, n=1358). These groups described information
about diabetes, hypertension prevalence, including other risk factors.

Results: the reference group Hsmm-Lwc group showed lower fasting plasma glucose (FPG) vs. Hsmm-Hwc
(90,4 [95%Cl] [89,0; 91,8] vs. 111,7 [109,1; 114,3]), and vs. Lsmm-Hwc (90,4 [89,0; 91,8] vs. 118.,3 [107,2;
129,4] mg/dL, both P<0,0001). Lower levels (i.e., appropriate) of FPG (R? 4,8 %), glycated hemoglobin (R?
2,6 %), systolic BP (R? 19,0 %), and diastolic BP (R? 2,5 %) were significantly associated (all, P<0,0001) with
the Reference group Hsmm-Lwc.

Conclusion: A high muscleness and low fatness phenotype is present in those who are younger adults,
is associated with better glucose/blood pressure control, and reports low cardiovascular risk factors for
diabetes and hypertension in Chilean adults.

Keywords: Body Composition; Sedentary Behavior; Diabetes Mellitus; Hypertension.

© 2024; Los autores. Este es un articulo en acceso abierto, distribuido bajo los términos de una licencia Creative Commons (https://
creativecommons.org/licenses/by/4.0) que permite el uso, distribucion y reproduccion en cualquier medio siempre que la obra original
sea correctamente citada


https://crossmark.crossref.org/dialog/?doi=10.56294/saludcyt2024814
https://doi.org/10.56294/saludcyt2024814
https://orcid.org/0000-0003-4783-9981
mailto:cristian.alvarez@unab.cl?subject=
https://orcid.org/0000-0002-0298-837X
mailto:christian.campos@unab.cl?subject=
https://orcid.org/0000-0002-1870-1396
mailto:francisco.guede@unab.cl?subject=
https://orcid.org/0000-0002-5839-3930
mailto:c.marchantmella@uandresbello.edu?subject=
https://orcid.org/0000-0002-9403-6850
mailto:hector.marquez@unab.cl?subject=
https://orcid.org/0000-0002-8788-4376
mailto:lorena.martinez@unab.cl?subject=
https://orcid.org/0000-0003-0418-8787
mailto:igorcigarroa@yahoo.es?subject=
https://orcid.org/0000-0003-0597-793X
mailto:jvasquez@ucm.cl?subject=
https://orcid.org/0000-0002-9316-0892
mailto:calmunoz@ubiobio.cl?subject=
https://orcid.org/0000-0002-4317-6132
mailto:ccaparros@utalca.cl?subject=
https://orcid.org/0000-0001-9952-993X
mailto:pedro.delgado@ufrontera.cl?subject=
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://orcid.org/0000-0003-3007-920X 

Salud, Ciencia y Tecnologia. 2024; 4:814 2
RESUMEN

Introduccion: la diabetes y la hipertension arterial estan aumentando en adultos, donde la circunferencia de
la pantorrilla y la circunferencia de la cintura son dos marcadores clinicos epidemiologicos poco estudiados
para la prediccion de riesgo cardiometabolico.

Objetivo: caracterizar cuatro modelos fenotipicos en la poblacion adulta chilena basados en musculatura y
adiposidad, utilizando tanto el perimetro de la pantorrilla y perimetro de la cintura.

Metodologia: estudio epidemioldgico, observacional, transversal y representativo, basado en la Encuesta
Nacional de Salud de Chile 2016-17, donde se analizaron cuatro fenotipos; Baja masa muscular y elevada
circunferencia de cintura (Lsmm-Hwc, n=140), baja masa muscular y baja circunferencia de cintura (Lsmm-
Lwc, n=242), elevada masa muscular y elevada circunferencia de cintura (Hsmm-Hwc, n=1076) y elevada
masa muscular y baja circunferencia de cintura (Hsmm-Lwc, n=1358). Estos grupos describieron informacion
de prevalencia de diabetes, hipertension y de otros factores de riesgo.

Resultados: el grupo de referencia Hsmm-Lwc mostré menores niveles de glicemia en ayunas (FPG) en
comparacion a los grupos Hsmm-Hwc (90,4 [IC 95%] [89,0; 91,8] vs. 111,7 [109,1; 114,3]) y vs. Al grupo
Lsmm-Hwc (90,4 [89,0; 91,8] vs. 118,3 [107,2; 129,4] mg/dL, ambos P<0,0001). Los niveles mas bajos (i.e.,
apropiados) de glicemia en ayunas (R? 4,8%), hemoglobina glicosilada (R? 2,6 %), presion sistdlica (R? 19,0 %) y
diastolica (R% 2,5 %) se asociaron significativamente (todos, P<0,0001) con el grupo de referencia Hsmm-Lwc.
Conclusion: un fenotipo de alta musculatura y baja adiposidad esta presente en aquellos adultos mas
jovenes, se asocia con un mejor control de la glicemia/presion arterial y reporta bajos factores de riesgo
cardiovascular para diabetes e hipertension en adultos chilenos.

Palabras claves: Composicion corporal, Comportamiento sedentario, Diabetes mellitus, Hipertension

INTRODUCTION

Physical activity (PA), nutrition, and sleep patterns among others (i.e., lifestyle) play a key role in modern
societies in terms of maintenance of cardiometabolic health (i.e., that includes both cardiovascular and
metabolic/endocrine systems) and avoiding diabetes and hypertension (HTN).™ By contrast, physical inactivity
(i.e., do not adhere to international PA guidelines of 150-300 min of low-to-moderate PA-week, or 75 to 150 of
vigorous PA-week),® is associated with more diabetes and HTN prevalence in children/adolescents and adults.
34

Before diabetes and HTN diagnosed, the adult population transit through previous and prevented health
symptoms such as skeletal muscle mass decline (SMM, i.e., sarcopenia) and higher adiposity accumulation, as for
example, calf circumference decreases® and waist circumference increases (WC) to each outcome respectively.
©® Thus, it is well known that a phenotypical model of low SMM decreases glucose control, promotes adiposity
accumulation,” and subsequently increases diabetes risk by intramyocellular fatty acids accumulation.® By
contrast, healthy adults who are physically active and adhere to a healthy lifestyle, report better SMM levels.®
The SMM under insulin-stimulated conditions, account for more than 80 % of glucose disposal,” being important
for young and adults the adherence to international PA guidelines with the aims of preventing diabetes and HTN
risk factors. (%1

One of the common phenotypes in physically inactive populations, is the lower SMM in association with
higher adiposity (i.e., fatness), or appropriate/higher SMM (i.e., muscleness) but in association with higher
adiposity.™ For example, previous studies of phenotypes, have shown that higher cardiorespiratory fitness
(CRF, reported by the maximum oxygen consumption, VO, ) in combination with reduced body fat were
associated with lower risk factors for HTN, metabolic syndrome, and dyslipidemia in adults.

It has also been corroborated similar phenotypes, where children/adolescents (age 12,2+2,7 years old,
n=3,866) with higher CRF showed characteristics of better blood pressure control than peers with lower CRF.("
More recently, the sarcopenic-obesity phenotypical model based on the handgrip strength (HGS) together with
the body mass index plus waist circumference reported that there is a pre-sarcopenic-obesity prevalence of
22,6 % in Chilean adults, based on the Chilean National Health Survey 2016-17 (NHS16-17).04

However, there is little knowledge about the association of a ‘muscleness’ or’ fatness’ human phenotype
model by using SMM by calf circumference (CC), and waist circumference (WC) as adiposity markers based on
Chilean NHS16-17 information. CC have been previously used as an early indicator of SMM loss in adults. (> In
Latin-American older adults, previous studies of CC have demonstrated sensitivity (71,5 %), and specificity (77,4
%) to detect SMM declining.® Other reports show that CC is also correlated with Dual X-ray absorptiometry,”
and with the loss of autonomy.(®

This study aimed to characterize four phenotypical models in the Chilean Latin-American population based
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on muscleness and fatness using both CC and WC outcomes from the NHS16-17. There was hypothesized that
phenotypes with higher SMM and lower WC show a better glucose and blood pressure control. The importance
of this research consists in the possibility to propose the incorporation of future more robust equipment for
body composition analyses into epidemiological cross-sectional studies as the NHS16-17 for an early prevention
of these diseases.

METHODS
Research type

The following is a cross-sectional study based on the Chilean NHS16-17 of Chile, which is a prevalence, multi-
stage and representative study applied in at home with families using random, stratified-by-conglomerates
methods.

Population

The data of the NHS16-17 of Chile includes a personal home-based visit to population >15 y old, with or
without an ethnic origin, from urban/ rural areas of this country. Considering the total NHS16-17 sample
reported by the NHS16-17 of (n=6,233) participants, the present study included (n=2j836) subjects who report
the information of interest to the hypothesis test. The NH516-17 included data of population of >15 years old,
and all full criteria of inclusion can be found at the Epidemiological Unit of the Chilean Health Ministry (MINSAL)
at http://epi.minsal.cl/encuesta-ens-descargable/ To this descriptive study, we used the selected data that
included the SMM and WC information including diabetes, HTN and other relevant outcomes reported as risk
factors. The study protocol was approved by the Ethical Committee of the Escuela de Medicina de la Pontificia
Universidad Catélica de Chile (16-019), and all participants signed an informed consent. (*®

Muscleness and fatness phenotypes

Based on CC for muscleness and waist circumference (WC) for fatness, four different phenotypes models
were analyzed based on the NHS16-17 data, as follows; Low-skeletal muscle mass and high-waist circumference
(Lsmm-Hwc), Low-skeletal muscle mass and low-waist circumference (Lsmm-Lwc), High-skeletal muscle mass
and high-waist circumference (Hsmm-Hwc), and High-skeletal muscle mass and low-waist circumference
(Hsmm-Lwc). The cut-off point of 34 cm of CC has previously demonstrated sensitivity (71,5 %) and specificity
(77,4 %) for assessing SMM in Latin-American (i.e., Brazilian) older adults men, and cut-off points of 33 cm for
women has also demonstrated similar sensitivity (80,0 %) and specificity (84,6 %).® On the other hand, WC was
categorized as higher WC (men =90 cm, women >80 cm), or low WC (men <89 cm, women <79 cm)."®

Diabetes and arterial hypertension markers (Main outcomes)

To glucose control, both fasting plasma glucose (FPG) and glycated hemoglobin (HbA1c) were measured.
Both outcomes were measured with 8 h of fasting state and were measured similarly as reported in previous
studies.(”

For blood pressure control, both systolic (SBP) and diastolic (DBP) were measured in the left arm three
times and the average of these was registered. To the present study, there was used the current blood pressure
categorization of the American Heart Association 2018; ‘Normal BP’ was defined as SBP/DBP less than 120/80
mmHg, ‘elevated BP’ (Ele) as SBP/DBP between 120-129/80 mmHg, ‘stage 1 HTN’ as SBP/DBP between 130-
139/80-89 mmHg, and ‘stage 2 HTN’ as SBP/DBP greater than or equal to 140/90 mmHg.® The readings were
taken using an automatic monitor (OMRON™, model HEM 7114) similar to previously.® This test was developed
by professional nursing at-home conditions.

Anthropometric measurements (Secondary outcomes)

The weight was measured by a digital electronic scale OMRON™, model HBF-514C (OMRON Corporation,
Kioto, Japon), (sensitivity of 100 g, maximum weight capacity ~150 kg), where height and waist circumference
were measured by an inextensible tape. similar as previous studies.?" The nutritional state was classified
by the BMI using weight plus height, as follows; Underweight, Normal-weight, overweight, obesity I, obesity
Il, obesity Ill, and morbid obesity, and reported as (n = ) and percentage ( %) by each phenotypical model,
following the WHO criteria.®

Metabolic risk factors (Secondary outcomes)

As additional outcomes, there was included lipid profile markers; total cholesterol (Tc), low-density lipid
cholesterol (LDL-c), high-density lipid cholesterol (HDL-c), plasma triglycerides (Tg), very-low-density lipids
(VLDL-c) following NCEP ATP-IlI criteria.®) We also reported the sleep time (during the week, in (h-day), that
were categorized as low (<6 h), moderate (7 to 9 h), and high sleep time (=9 h), following previous studies from
the NHS16-17.@%
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Physical activity measurement (Secondary outcome)

There was reported the amount (min-day) of PA of vigorous, moderate, and low-intensity using the Global
Physical Activity Questionnaire (GPAQv2).?> All measurements mentioned were applied following the application
manual F2 of the NHS16-17.

Cardiovascular risk estimation (Secondary outcome)

The cardiovascular risk was categorized by scale punctuation in low (0-4 points), moderate (5 to 9 points)
and high cardiovascular risk (=10 points) using the metabolic syndrome outcomes (blood pressure, FPG, HDL-c,
and Tg), including tobacco habit, alcohol consumption, dyslipidemia, sleep patterns, as well by the three
questions included as follows; a) in the self-report on acute myocardial infarction ;Has a doctor or physician
ever told you had or suffered a heart attack? Being the prevalence from those who answered “Yes”; b) the
question for the self-reported prevalence of stroke “Has a doctor or physician ever told you had or suffered
a stroke? Or had or suffered a stroke or cerebral thrombosis (or stroke)?”, and c) the question about the self-
reported prevalence of peripheral venous disease “Has a doctor or physician ever told you had or suffered from
peripheral vascular disease or to the arteries in your legs?”.?%

Statistical analyses

Data for continuous outcomes are shown as mean and (95 %Cl), and for categorical outcomes as frequency
(n =) and ( %, percentage). The normality was tested using the Shapiro-Wilk test and using histograms and
Q-Q plots. For continuous outcomes, the interaction of each main and secondary outcome among the four
phenotypes (Lsmm-Hwc, Lsmm-Lwc, Hsmm-Hwc, and Hsmm-Lwc) was tested using analysis of covariance
(ANCOVA) (groups, sex, and age) as covariables. The chi-square test was used to compare categorical outcomes.
Bonferroni adjustments were used to confirm the differences across a phenotype group. Linear regression
analyses were applied to test the association between diabetes and hypertension markers with the four
muscleness and fatness phenotype models. The coefficient of determination R? in percentage (for predicting
independent outcome), and r= Pearson correlation test was reported. To detect multicollinearity, there was
used the diagnosed condition indices (CNI). Collinearity was determined if the largest CNI exceeded the 30
values. There was also tested sensitivity/specificity to FPG (77,7 % / 72,5 %), HbA1c (80,8 % / 76,5 %), SBP (58,5
% / 57,4 %), DBP (59,9 % / 53 %) using ROC analysis (data not shown). All statistical tests were carried out using
the SPSS™ software 24 version for Windows (IBM SPSS Inc., Chicago, IL, USA).

RESULTS

Continuous (age, height, body mass, BMI, WC, CC, PA, PA,, PA ,, HGS) and categorical outcomes (nutritional
state by BMI, diabetes, arterial hypertension prevalence, and sleep patterns) showed significant interaction by
the four groups of phenotypes (Table 1).

The was a significant interaction in FPG by groups, where the Ref. group showed lower FPG vs. Hsmm-Hwc
(90,4 [89,0; 91,8] vs. 111,7 [109,1; 114,3], P<0,0001), and vs. Lsmm-Hwc (90,4 [89,0; 91,8] vs. 118,3 [107,2;
129,4] mg/dL, P<0,0001) (Figure 1A). HbA1c showed a significant interaction by groups and age, being different
between Ref. group vs. Lsmm-Lwc (6,1 [5,8; 6,2] vs. 6,7 [6,1; 7,1] %, P=0,034), and Lsmm-Hwc (6,1 [5,8; 6,2]
vs. 7,1 [6,5; 7,6] %, P<0,0001) (Figure 1B). SBP showed significant interaction by groups, sex, and age, being
SBP of Ref. different vs. Hsmm-Hwc (117 [115; 117] vs. 144 [142; 145] mmHg, P<0,0001), and vs. Lsmm-Hwc
(117 [115; 117] vs. 146 [141; 151] mmHg, P<0,0001) (Figure 1C). There was a significant DBP interaction by
groups, sex, and age, being different DBP Ref. vs. Hsmm-Hwc (70 [69; 71] vs. 77 [77; 80] mmHg, P<0,0001), and
vs. Lsmm-Hwc (70 [69; 71] vs. 75 [73; 76], mmHg, P<0,0001) (Figure 1D).

There was a significant interaction by group, sex, and age in Tc, being different Tc Ref. vs. Lsmm-Hwc (177,1
[175; 179] vs. 194,2 [185; 204] mg/dL, P<0,0001) (Figure 2A). LDL-c interacts significantly by groups and age,
and LDL-c Ref. was different vs. Lsmm-Hwc (101,6 [102,9; 118,6] vs. 110,8 [102,9; 118,6] mg/dL, P=0,044)
(Figure 2B). HDL-c interacted significantly differently by group, sex, and age, and HDL-c Ref. was different
vs. Hsmm-Hwc (52,9 [52,0; 53,7] vs. 46,8 [45,8; 47,7] mg/dL, P<0,0001) (Figure 2C). Tg showed a significant
interaction by groups and age, where Ref. group was different vs. Hsmm-Hwc (113,4 [109,4; 117,3] vs. 152,8
[146,9; 158,6] mg/dL, P<0,0001), vs. Lsmm-Lwc (113,4 [109,4; 117,3] vs. 131,7 [119,4; 143,2] mg/dL, P=0,010)
and vs. Lsmm-Hwc (113,4 [109,4; 117,3] vs. 163,4 [146,0; 180,6] mg/dL, P=0,044) (Figure 2D). VLDL-c showed
a significant interaction by groups and age, where Ref. group was different vs. Hsmm-Hwc (22,4 [21,6; 23,1]
vs. 30,2 [29,1; 31,3] mg/dL, P<0,0001), and vs. Lsmm-Hwc group (22,4 [21,6; 23,1] vs. 32,1 [28,8; 35,4] mg/
dL, P<0,0001) (Figure 2E). There were significant differences in the prevalence of low, moderate, and high
cardiovascular risk among the four models, where the Ref. Hsmm-Lwc model showed the main prevalence of
subjects categorized with low cardiovascular risk vs. Hsmm-Hwc (33,5 vs. 5,0 %), vs. Lsmm-Lwc (33,5 vs. 3,1
%), and vs. Lsmm-Hwc (33,5 vs. 0,6 %) (Figure 2F).
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Table 1. Characteristics of the Chilean population by each muscleness and fatness model based on the Chilean National
Health Survey 2016-17

Outcomes (Ref.) p-Interaction
Lsmm-Hwc? Lsmm-LwcP Hsmm-Hwc* Hsmm-Lwc by Groups
Urban (n=/ %) 120 (85,7) 199 (82,2) 853 (79,3) 1171 (86,2) 0,0001#
Rural (n=/ %) 20 (14,3) 43 (17,8) 223 (20,7) 187 (13,8)
72,47 (71,0; 73,9)t 74,06 (72,9; 69,93 (69,5; 42,14 (41,1; 0,0001
B (EElE) 75,2)t 70,4)t 43,1)
. 152,42 (150,9; 151,05 (150,0; 157,57 (156,9; 156,07 (156,1; 0,0001
ARG (ED) 153,9)t 152,0)t 158,1) 156,8)
66,07 (64,2; 67,8)1° 53,29 (52,3; 77,96 (77,2; 61,13 (60,6; 0,0001
Body mass (kg) 54,2)1 78,7)t* 61,5)
: 28,47 (27,8; 29,1)t° 23,43 (23,0; 31,57 (31,2; 25,02 (24,8; 0,0001
Body mass index (kg/m?) 23,8)° 31,810 25,2)
Nutritional state by BMI
Underweight (n =/ %) 0 (0) 18 (7,50) 0 (0) 27 (2,05) 0,0001
Normal-weight (n =/ %) 17 (12,21) 145 (60,26) 46 (4,31) 648 (47,74)
Overweight (n=/ %) 84 (60,45) 76 (31,53) 392 (36,60) 605 (44,61)
Obesity | (n=/ %) 32 (23,01) 2 (0,8) 425 (39,70) 75 (5,56)
Obesity Il (n=/ %) 5(3,61) 0(0) 144 (13,41) 2(0,11)
Obesity Il (n=/ %) 1(0,72) 0(0) 64 (6,07) 1(0,14)
L 98,12 (96,81; 79,52 (78,55; 103,62 (103,57; 80,37 (79,90; 0,0001
Waist circumference (cm) 99,43)1> 80,68)* 104,29)t5 80,71)
. 30,22 (29,84; 29,59 (29,22; 37,33 (37,15; 34,88 (34,43; 0,0001
Leg circumference (cm) 30,72)t< 29,95)f¢ 37,51) 35,35)
*Diabetes
Yes (n=/ %) 6 (30,0) 3 (11,1) 137 (31,2) 12 (13,0) 0,0001#
No (n=/ %) 14 (70,0) 24 (88,9) 302 (68,8) 80 (87,0)
&Hypertension
Yes (n=/ %) 20 (90,9) 21 (61,8) 326 (70,6) 58 (60,4) 0,0001#
No (n=/ %) 2 (9,1) 13 (38,2) 136 (29,4) 38 (39,6)
Lifestyle
PA, (min-day) 8,0 (8,1; 24,1) 1,2 (1,7; 4,2)t 6,4 (4,0; 8,8)° 5,5 (3,5; 7,5) 0,627
PA,, (min-day) 4,4 (0,3; 8,4) 5,0 (2,4; 7,6) 5,7 (4,5; 7,0) 3,9 (2,8; 4,9) 0,147
PA, (min-day) 14,3 (11,0; 17,6) 12,8 (10,6; 15,0) 13,3 (12,3; 14,4) 13,;14(,1‘2),5; 0,889
. 39,13 (23,77, 45,76 (36,26; 60,69 (54,91; 42,59 (33,75; 0,002
REmEER SERE () 54,50) 15 55,33)a 66,41)% 51,38)
Sleep patterns
<6h(n=/7 %) 42 (30,0) 60 (24,8) 369 (34,3) 441 (32,5) 0,0001#
7t09h (n=1/ %) 66 (47,1) 123 (50,8) 556 (51,7) 736 (54,2)
29h (n=/ %) 32 (22,9) 59 (24,4) 151 (14,0) 181 (13,3)

Data are shown as mean and (95 %Cl) for continuous outcomes, and as frequency and ( % percentage) for categorical
outcomes. Groups are described as: (Lsmm-Hwc) Low-skeletal muscle mass and high waist circumference. (Lsmm-Lwc) Low-
skeletal muscle mass and low waist circumference. (Hsmm-Hwc) High-skeletal muscle mass and high waist circumference.
(Hsmm-Lwc) High-skeletal muscle mass and low waist circumference. (a) Denotes significantly different vs. Lsmm-Hwc
group. (b) Denotes significantly different vs. Lsmm-Lwc group. (c) Denotes significantly different vs. Hsmm-Hwc group. (Ref.)
Reference group. (PA,) Physical activity of vigorous-intensity. (PA,) Physical activity of moderate-intensity. (PA ) Physical
activity of low-intensity. (1) Daggers denotes significant differences vs. Ref. group at P<0,0001. (#) Analysis performed by
Chi-square test at p0,05. () Diabetes prevalence is resulting from participants that adhere to the fasting plasma glucose
test. (&) Hypertension prevalence is resulting from participants that adhere to the 3 days blood pressure screening.
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Figure 1. Diabetes and arterial hypertension markers in Chilean adults by four different phenotypical models
based on the National Health Survey 2016-17 of Chile. Data are shown as mean and (95 %Cl).

Linear regression analyses reported that diabetes markers FPG (B = -10,01 [95 % CI] in forward [-11,73;
-8,29], P<0,0001), HbA1c (B = -0,34 [-0,47; -0,21], P<0,0001) were significantly associated to muscleness
and fatness phenotypes (Table 2). Similarly, arterial hypertension outcomes SBP (B = -13,27 [-14,28; -12.35],
P<0,0001), and DBP (8 = -2,00 [-2,47; -1,54], P<0,0001) were significantly associated to muscleness and fatness
phenotypes (Table 2). Secondary outcomes showed also to be associated with the models, with exception of
physical activity (PA,, PA,, PA ), and HGS (Table 2).
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Figure 2. Dyslipidemia markers and coronary risk in Chilean adults by four different phenotypical models based
on the National Health Survey 2016-17 of Chile.
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There was a significant predictive capacity in the diabetes markers FPG (R? 0,048 [4,8 %], r = -0,21,
P<0,0001), and HbA1c (R? 0,026 [2,6 %], r = -0,16, P<0,0001), as well as in the HTN marker SBP (R? 0,190 [19,0
%], r = -0,43, P<0,0001), and DBP (R? 0,025 [2,5 %], r = -0,15, P<0,0001) from the four musclenees and fatness
phenotypes tested based on CC and WC (Figure 3).
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Figure 3. Association between diabetes (panels A-B) and hypertension markers (panels C-D) with four different
phenotypical models (based on calf circumference and waist circumference) of Latin-American participants of
the Chilean National Health Survey 2016-2017.

DISCUSION

SMM is an important tissue for glucose and blood pressure control,/%' and physical inactivity increases the
adiposity stores promoting more cardiometabolic risk for diabetes and HTN.® In the present study, there was
clearly shown that the Ref. group of high-SMM and low-WC reported a better glucose control by FPG 90,4 mg/dL,
and appropriate levels of blood pressure by SBP/DBP 117/70 mmHg, highlighting the relevance of maintaining a
good SMM and lower levels of adiposity in Latin-American population for avoiding diabetes and HTN risk (Figure
1). Interestingly, the age of the Ref. Hsmm-Lwc group was lower (i.e., 42,1 years) in comparison with the other
groups, however, independent of age, literature has shown that when adults and older adults are physically
active, the SMM is minimally declined in older adults active, being more important than the chronological age,
the PA promotion across the lifetime for sarcopenia prevention,?” and thus as a pivotal result it is possible
the reduction in diabetes® and HTN risk.?® The fitness and fatness phenotypes have been previously explored
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using CRF (by VO, max) with WC. For example, Eisenman et al.®? reported that children/adolescents despite
reporting a lower adiposity, when these also reported lower CRF levels were at greater cardiovascular risk.
However, little is known about fitness markers using SMM as CC that there was used by the present study.

Previous studies have corroborated the CC outcome as a good indicator of muscle mass and frailty in older
adults.®'™ For example, in a sample of 4,427 adult subjects (age 55,7 y), Suk Park et al,®'? reported that CC
significantly correlate with insulin resistance in men and women (r=0,72; r=0,74). In this study additionally,
the authors reported that a lower CC and higher weight in the subjects were corresponded also with higher
carotid intima-media thickness (cIMT, >0,80 mm), which is an endothelial dysfunction marker, widely known
in the physiopathology of the HTN, endothelial dysfunction and atherosclerosis. Although in the present study
there was not included vascular outcomes, the Hsmm-Lwc Ref. group showed overall a high percentage of
participants classified in low coronary risk (33,5 %) vs. the other groups that reported overall <5 % risk (Figure
4).

On the other hand, at secondary outcomes, there was also detected that the same Hsmm-Lwc group also
showed lower circulating lipoproteins (Tc [177,1], LDL-c [101,6], Tg [113,4], and VLDL-c [22,4]) than the Lsmm-
Hwc model that represented the unhealthier subjects (Figure 2). These results are consistence with previous
studies. For example, Arimura et al.®? reported that HDL-c was better predicted from the WC changes, whereas
while lower WC the subjects reported, also higher HDL-c levels were observed in the sample. LaMonte et al.®¥
in a wide sample of men (n=9007), and women (n=1491) followed the metabolic syndrome prevalence in
these adults that were categorized by tertiles of CRF, where the authors reported an inverse dose-response
relationship between CRF and metabolic syndrome, independent of the BMI, and age, where men and women
in the two higher tertiles of CRF showed ~21 % (men) and ~-42 % (women) reported lower risk of developing
metabolic syndrome than men and women with lower CRF, as well as lower LDL-c and lipid disorders.

There was also found that sleep time was associated with the four phenotypes (Table 2). In this line, Meeisinger
et al.®¥ reported that from (n=4140) men, and (n=4129) women, those subjects with sleep disturbances (i.e.,
difficulties for sleep maintenance) increase diabetes risk. Other studies have strongly reported that sleep
duration (i.e., short or long sleep duration) was an independent predictor of increased cardiovascular risk and
death in the population with diabetes diagnosed.

In the present study, and independent of the phenotypical model tested, there was observed that the Hsmm-
Lwc showed almost all their main outcomes (glucose and blood pressure control) in better healthy condition
than the other Hsmm-Hwc, Lsmm-Lwc, and Lsmm-Hwc groups, being, in addition, this musclenees, and lower
fatness, indicators of lower diabetes and HTN prevalence. From here and based on two easy and simply clinical
tests as CC and WC, it is of relevance to include the ‘calf circumference’ as an indicator of SMM as well as the
‘waist circumference’ as an adiposity marker for screening in epidemiological studies of both diabetes and HTN
trends.

This study has the following limitations; i) there was included a population >15 years by resulting of each
phenotype modelled (Age [min; max] = Ref. group Hsmm-Lwc [15; 91], Lsmm-Lwc [60; 98], Hsmm-Hwc [60;
95], Lsmm-Hwc [60; 96 years old]) including adolescents/adults/ and older adults of the NHS16-17 that suggest
interpreting carefully for future epidemiological comparisons, ii) a percentage of urban and rural were different
in each model that could involve a variety of factors for promoting westernized lifestyle, and iii) the PA levels
and their intensity were reported using the GPAQv2 questionnaire that could supra or underestimate the real
PA practice. As a strength, i) the NHS 2016-17 is a representative study of the Chilean population, ii) there was
reported several but widely known health markers of diabetes, HTN, dyslipidemia, fatty liver, hypothyroidism,
mineral content to be more informative, and iii) the data information is free available from the epidemiological
unit of the Chilean health ministry.

CONCLUSIONS

A high muscleness (based on CC) and low fatness phenotype (based on WC) is present in more young adults,
is associated with better glucose and blood pressure control, and overall reports low cardiovascular risk factors
for diabetes and HTN in the Chilean population from the NHS16-17.

RECOMMENDATIONS

Future considerations for cross-sectional studies are to add more robust equipment’s (bio-impedance or
Dual-x Absorciometry) for body composition analyses and thus to confirm the present findings adding more
specificity to the associative relationships reported by the present study.
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