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RESUMO

MACENA, M. L. A relacéo entre gasto energético total e atividade fisica em mulheres de
baixa renda moradoras de uma &rea urbana empobrecida. 2022. 62f. Dissertacdo
(Mestrado em Nutricdo) — Programa de Pds-Graduagdo em Nutri¢do, Faculdade de Nutricéo,

Universidade Federal de Alagoas, Maceio, 2021.

O uso da atividade fisica para obter um balango energético negativo é baseado no modelo linear
(aditivo ou fatorial) do gasto energético total (GET), ou seja, a partir de sua pratica, conforme
0 nivel de atividade fisica (NAF) aumenta, o GET também aumenta. No entanto, existem
criticas a esse modelo e uma segunda proposta para descricdo dessa relagdo surge mais
recentemente, que é conhecido como modelo ndo-linear (restrito). Nesse segundo modelo, o
corpo se adapta a niveis mais altos de atividade fisica para manter o GET dentro de uma faixa
homeostatica estreita. Assim, baseada no artigo principal, a presente dissertacdo apresenta
como objetivo avaliar se a relacdo entre 0 GET o NAF de mulheres de baixa renda moradoras
de uma area urbana empobrecida se comporta de forma linear ou ndo. Trata-se de um estudo
transversal, no qual participaram mulheres adultas com idade entre 19 e 45 anos, com indice de
massa corporal (IMC) > 18,5 kg/m?, méaes ou cuidadoras de criangas com baixa estatura
atendidas no Centro de Recuperacdo e Educacdo Nutricional (CREN). Foram coletados dados
antropométricos, hormonais (insulina e horménios do eixo tireoidiano), GET (por agua
duplamente marcada), composi¢do corporal (por deutério) e NAF (equivalente metabolico de
tarefa (MET), por acelerdbmetros triaxiais). Modelos ajustados do GET foram calculados
incorporando os residuos dessas variaveis citadas. E a avaliacdo da relacdo entre o MET e 0
GET-ajustado se deu através de trés diferentes analises: regressdo linear, regressao nao-linear
e regressdo do ponto de mudanca, para identificar o platd dessa relacdo. Foram incluidas 55
mulheres com média de idade de 31 + 5 anos, e IMC de 27,47 + 4,59 kg/m?. Foi possivel
observar uma relagdo positiva e linear entre o GET ajustado e o MET (B = 16,10 kcal; 1C 95%:
2,59; 29,60; R2 ajustado = 0,08). O ponto de mudanca foi identificado no valor de MET de
256,50 (Erro Padrdo = 4,46; R? ajustado = 0,13). A associacio entre o GET ajustado e 0 MET
antes do ponto de mudanga foi mais forte (B = 30,36 kcal; 1C 95%: 5,82; 54,90; R? ajustado =
0,11) que a associacdo no modelo linear, e essa associagdo deixou de existir quando foi avaliada
em individuos ap6s o ponto de mudanca (B = -39,34 kcal; IC 95%: -99,84; 21,15; R? ajustado
=0,08). Assim concluimos que, 0 modelo ndo-linear parece ser mais adequado para descrever
0 GET de mulheres baixa renda moradoras de uma area urbana empobrecida do que o modelo

linear, uma vez que essa relacdo linear e aditiva parece ser verdadeira apenas até uma



determinada quantidade de atividade fisica. No entanto, salientamos ainda que a recomendacao
da prética de atividade fisica traz diversos outros beneficios para salde humana e combate as

doencas cronicas ndo transmissiveis.

Palavras-chave: Acelerometria. Exercicio fisico. Homeostase. Metabolismo energético.
Pobreza.



ABSTRACT
MACENA, M. L. The relationship between total energy expenditure and physical activity

in low-income women living in an impoverished urban area. 2021. 62f. Dissertacdo
(Mestrado em Nutricdo) — Programa de Pds-Graduagcdo em Nutri¢do, Faculdade de Nutricdo,

Universidade Federal de Alagoas, Maceio, 2021.

The use of the physical activity to obtain a negative energy balance is based on the linear model
(additive or factorial) of the total energy expenditure (TEE), that is, from its practice, as the
physical activity level (PAL) increases, the TEE it also increases. However, there are critics of
this model and a second proposal to describe this relationship has emerged more recently,
known as the non-linear (constrained) model. In this second model, the body adapts to higher
levels of physical activity to keep the TEE within a narrow homeostatic range. Thus, based on
the main article, this dissertation has as its objective to assess whether the relationship between
TEE and PAL of low-income women living in an impoverished urban area behaves linearly or
not. This is a cross-sectional study, which included adult women aged between 19 and 45 years,
with body mass index (BMI) > 18.5 kg/m?, mothers or caregivers of children with short stature
attended at the Centro de Recovery and Nutrition Education (CREN). Anthropometric,
hormonal (insulin and thyroid axis hormones), TEE (by double-labeled water), body
composition (by deuterium) and PAL (metabolic equivalent of task (MET) by triaxial
accelerometer) data were collected. Adjusted-TEE models were calculated incorporating the
residuals of these variables mentioned. And the evaluation of the relationship between MET
and adjusted-TEE was done through three different analyses: linear regression, non-linear
regression and point-of-change regression, to identify the plateau of this relationship. Fifty-five
women were included with a mean age of 31 £ 5 years, and BMI of 27.47 + 4.59 kg/m2. It was
possible to observe a positive and linear relationship between the adjusted-TEE and the MET
(B = 16.10 kcal; 95% CI: 2.59; 29.60; adjusted R? = 0.08). The change point was identified at
the MET value of 256.50 (SD = 4.46; adjusted R? = 0.13). The association between the adjusted-
TEE and the MET before the change point was stronger ( = 30.36 kcal; 95% CI: 5.82; 54.90;
adjusted R? = 0.11) than the association in the linear model, and this association stop existing
when it was evaluated in individuals after the change point (f = -39.34 kcal; 95% CI: -99.84;
21.15; adjusted R? = 0.08). Thus, we conclude that the non-linear model seems to be more
adequate to describe the TEE of low-income women living in an impoverished urban area than
the linear model, since this linear and additive relationship seems to be true only up to a certain

amount of physical activity. However, we also emphasize that the recommendation of physical



activity brings several other benefits to human health and combating chronic non-

communicable diseases.

Palavras-chave: Accelerometry. Energy metabolism. Exercise. Homeostasis. Poverty.
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1 APRESENTACAO

Trata-se de uma dissertacdo organizada como coletanea de artigos e esta dividida
em: uma introducdo geral, um capitulo de revisdo da literatura abordando a tematica
relacionada ao gasto energético e sua associagdo com a atividade fisica; e trés artigos de
resultados (um principal e dois apresentados como apéndices). O artigo principal, que
apresenta o titulo semelhante ao dessa dissertacéo e que a norteia, objetivou determinar a
relacdo entre o gasto energético total (GET) e o nivel de atividade fisica (NAF) de
mulheres de baixa renda moradoras de uma area urbana empobrecida. O primeiro artigo
como apéndice trata-se de uma revisdo sistematica com metanalise que teve como
objetivo determinar qual equacdo preditiva do gasto energético de repouso (GER) e GET
possui 0 menor Viés e a maior precisdo em adultos com sobrepeso e obesidade. J& 0
segundo, se refere a um artigo original que teve como objetivo avaliar se existe associagéo
entre os indicadores de atividade fisica e de comportamento sedentario com o perfil

hormonal e GER de mulheres adultas que vivem em regides de baixa renda.
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2 INTRODUCAO

O sobrepeso e a obesidade, que tém apresentado prevaléncias crescentes em todo
0 mundo, vém se mostrando como importantes fatores de risco para o surgimento de
desordens enddcrinas, problemas respiratérios, doencas cardiovasculares, canceres e até
contribuido para 0 aumento para a morte prematura (GONZALEZ-MUNIESA et al.,
2017; WORLD HEALTH ORGANIZATION, 2021). Segundo a Organizacdo Mundial
da Saude (OMS), o sobrepeso e a obesidade sdo causados pelo aumento no consumo de
alimentos energeticamente densos e diminuicdo da atividade fisica (WORLD HEALTH
ORGANIZATION, 2021). Por esse motivo o estudo do gasto energético se torna
imprescindivel para a efetividade de abordagens de prevencdo e enfrentamento a esses
agravos (WESTERTERP, 2017a), uma vez que estratégias para perda de peso se baseiam
no estabelecimento de um balanco energético negativo, que pode acontecer de duas
formas: pela diminuicdo do consumo energético e/ou por mudancas nos comportamentos
de atividade fisica (WESTERTERP, 2017a; WHARTON et al., 2020). Os beneficios da
atividade fisica sobre a salde humana parecem ja estarem bem estabelecidos
(WARBURTON; BREDIN, 2017), no entanto, é possivel encontrar lacunas de como essa
pode se relacionar com o perfil hormonal e o gasto energético dos individuos, sendo este
ultimo nem sempre de facil mensuracdo devido aos altos custos para aquisicdo de
equipamentos considerados padréao-ouro (LAM; RAVUSSIN, 2016).

Além disso, a forma de como se interpreta a relacdo do gasto energético e a
atividade fisica pode influenciar diretamente nas a¢fes de combate a obesidade. Por muito
tempo, o modelo linear (aditivo ou fatorial) de descricdo do GET foi disseminado na
pratica clinica e em pesquisas cientificas (FOOD AND AGRICULTURE
ORGANIZATION, 2001). No entanto, Pontzer (2015) prop6s mais recentemente que
essa relacdo néo seria totalmente linear como preconizado. Por conseguinte, um segundo
modelo, desta vez néo-linear (restrito), propde que o corpo se adapta a niveis mais altos
de atividade fisica para manter o GET dentro de uma faixa homeostatica estreita, ou seja,
0 GET nédo aumenta gradativamente e de forma ininterrupta a medida que o NAF aumenta
(PONTZER et al., 2016; WESTERTERP, 2017b).

Até 0 momento, temos conhecimento de apenas alguns estudos que tenham
avaliado qual o melhor modelo de descricdo da relacdo entre 0 GET e o NAF (PONTZER
et al., 2016; URLACHER et al., 2019; WILLIS et al., 2022). Por este motivo, 0 estudo
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relatado no artigo principal se torna importante na contribuicdo a cerca dessa tematica em

contextos diferentes dos j& abordados.
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3 REVISAO DA LITERATURA

3.1 GASTO ENERGETICO TOTAL

O GET pode ser dividido em trés componentes: GER ou basal (GEB), efeito
térmico do alimento (ETA) ou termogénese induzida pela dieta, e 0 gasto energético
proveniente de atividade fisica (WESTERTERP, 2016). O percentual atribuido desses
componentes para 0 GET é varidvel na literatura, mas de acordo com a OMS, o GER,
ETA e gasto proveniente de atividade correspondem a 60, 30 e 10% do GET,
respectivamente (WORLD HEALTH ORGANIZATION, 2000).

3.1.1 Gasto energético de repouso e basal

Segundo o Institute of Medicine (IOM), o GEB diz respeito ao gasto energético
observado apds o jejum noturno, em que o individuo ndo consumiu nenhum alimento por
12 a 14 horas e se encontra em descanso, em posi¢do supina e acordado, imével e em um
ambiente termicamente neutro. Desta forma, o GEB reflete o gasto energético necessario
para manter as atividades metabolicas das células e tecidos, adicionado ao gasto para
manter a circulacdo sanguinea, respiracdo e 0S processos gastrointestinais e renais
(INSTITUTE OF MEDICINE, 2005). J4 o GER tende a ser 10 a 20% maior do que 0
GEB devido ao gasto energético observado pela ingestdo recente de alimentos ou pelo
efeito retardado de atividade fisica recentemente concluida (INSTITUTE OF
MEDICINE, 2005). O GER se refere a maior por¢do do GET, podendo variar entre 55 e
75% do GET (SOARES; MULLER, 2018). Tanto o GEB, quanto o GER, s&o
extrapolaces resultantes para 24h da taxa metabdlica basal e taxa metabodlica de repouso,
respectivamente (INSTITUTE OF MEDICINE, 2005). Vale ressaltar que apesar de ser
abordado que o GEB e o GER s@o numericamente diferentes, por diversas vezes, a
aplicacdo desses termos sdo usados de formas intercambiaveis, o que pode dificultar o
uso constante de uma unica nomenclatura, por esse motivo, na presente dissertacdo sera

utilizado o termo GER para se referir a essa porc¢do do GET.

Dentre os principais determinantes da variacdo do GER, destacam-se a massa livre
de gordura (musculo esquelético e 6rgdos), gordura corporal, sexo, idade, horménios
(tireoidianos, leptina, insulina, etc) e tracos genéticos (SOARES; MULLER, 2018). No
entanto, o determinante mais significante do GER é a massa livre de gordura, podendo
ser responsavel por até 70% deste componente (LAM; RAVUSSIN, 2016).
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3.1.2 Efeito térmico do alimento

O ETA se refere ao aumento do gasto energético apos a realizacdo de uma
refeicdo. Esse gasto é advindo da digestdo, absorcao, transporte, metabolizacao e estoque
dos nutrientes (CALCAGNO et al., 2019). O IOM corrobora com a OMS ao estimar que
0 ETA contribui com 10% do GET, no entanto, destaca-se que esse valor se refere a
alimentagfes comuns em que existe uma mistura entre os trés macronutrientes
(carboidratos, lipideos e proteinas) ao mesmo tempo. No entanto, quando os
macronutrientes sdo avaliados separadamente, estes podem atribuir de 5 a 10% para
carboidratos, 0 a 5% para lipideos e de 20 a 30% para proteinas, no GET (INSTITUTE
OF MEDICINE, 2005; WORLD HEALTH ORGANIZATION, 2000).

O ETA parece ser maior em individuos mais jovens e fisicamente ativos (DU et
al., 2014; POEHLMAN et al. 1991). Além disso, refei¢cBes contendo mais energia, maior
contetdo de fibras, e alimentos menos processados também sdo capazes de aumentar o
ETA (BARNARD et al., 2005; QUATELA et al., 2016). A frequéncia, a duragdo das
refeices e o periodo do dia parecem também serem capazes de alterar o ETA (ALLIROT
etal., 2013; ROMON et al., 1993; TAl et al., 1991; TOYAMA et al., 2015). E além das
caracteristicas das refeicGes e da composicdo da dieta, outras caracteristicas como idade,
atividade fisica, a presenca de obesidade e a resisténcia insulinica podem interferir no
gasto energético proveniente do ETA (LAM; RAVUSSIN, 2016).

3.1.3 Gasto energético proveniente de atividade fisica

Primeiramente, entende-se como atividade fisica qualquer movimento corporal
realizado por musculo esquelético e que resulta em um aumento do gasto energético
(CASPERSEN; POWELL; CHRISTENSON, 1985). O gasto energético proveniente de
atividade fisica pode ser observado imediatamente ap0s o inicio desta atividade fisica e
seu aumento persiste durante toda a atividade. Este gasto é variavel pelas caracteristicas
da atividade realizada, como a intensidade, duragéo e frequéncia, e também pelo perfil do
individuo que a executa (peso corporal e condicionamento fisico) (WOLRD HEALTH
ORGANIZATION, 2000).

O gasto energético proveniente de atividade fisica é considerado o componente de
maior variabilidade do GET, podendo variar de um dia para o outro no mesmo individuo

(WESTERTERP, 2018). A variacao entre individuos também pode ser ampla, cuja em
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individuos sedentarios pode corresponder a um tergo do GET, e enquanto, em individuos
de vida muita ativa, como atletas, o gasto energético proveniente de atividade fisica pode
ser duas vezes maior quando comparado a individuos ndo treinados (GRUND et al., 2001;
INSTITUTE OF MEDICINE, 2005)

3.1.3.1 Nivel de atividade fisica

O NAF ou indice de atividade fisica é a razdo do GET pelo GER, sendo assim
expresso como um multiplo do GER. O IOM classifica os individuos a partir do NAF em
quatro grupos: sedentarios (1,0 < NAF <1,4), pouco ativos (1,4 <NAF <1,6), ativos (1,6
<NAF <1,9) e muito ativos (1,9 <NAF <2,5) (INSTITUTE OF MEDICINE, 2005). Ja a
Food and Agriculture Organization (FOOD AND AGRICULTURE ORGANIZATION,
2001), classifica o estilo de vida em relacdo ao NAF com outros pontos de corte:
sedentario ou atividades leves (1,40 < NAF <1,69), ativos ou atividades moderadas (1,70
<NAF <1,99) e vigoroso ou atividades vigorosas (2,00 < NAF <2,40). Além de ser usado
para classificar, 0 NAF pode ser empregado para calcular o GET, quando multiplicado
pelo GER, para individuos adultos, mulheres ndo gravidas ou que nao estejam lactando.
Essa abordagem deve ser evitada para o calculo do GET de criancas, pois existem outros
fatores que determinam as necessidades energéticas desse grupo populacional (FOOD
AND AGRICULTURE ORGANIZATION, 2001).

O NAF pode ser estimado por diversas formas, dentre elas se destacam o uso de
questiondrios, que apesar de serem de facil aplicacdo e baratos, sdo comumente
imprecisos. Em contrapartida, o uso de acelerémetros é considerado acurado, porém sdo
custosos, 0 que impossibilita sua aplicacdo na pratica clinica e em estudos
epidemioldgicos de larga escala (JIANG et al., 2006; HALLAL et al., 2003; LEE;
SHIROMA, 2014).

3.1.3.1.1 Equivalente metabdlico estimado de tarefa

Questionarios de avaliagdo de atividade fisica e acelerdmetros podem fornecer
dados comparaveis de equivalentes metabolicos de tarefa (metabolic equivalente task —
MET). MET pode ser definido como quantidade de O2 consumido enquanto o individuo
esta sentado em repouso e é igual a 3,5 mL de O2 por kg de peso corporal por minuto, ou
como 1 kcal/kg de peso corporal por hora (AINSWORTH et al., 2000). Como exemplos,

temos que sentar calmamente equivale a 1 MET, dormir 0,9 MET, e correr a 17,5 km/h
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18 METs. Diversos outros tipos de atividades e seus respectivos valores de MET podem
ser observados nas atualizagcbes dos Compéndios de Atividades Fisicas publicados por
AINSWORTH et al. (2000) e AINSWORTH et al. (2011).

Essa medida pode ser usada como um custo energético de atividade fisica e
multiplo do GER, de forma independente as caracteristicas individuais e do tipo de
atividade fisica realizada (JETTE; SIDNEY; BLUMCHEN, 1990). No entanto, alguns
estudos j& mostram possiveis superestima¢des no GER ocasionadas pelo valor de MET,
uma vez que o consumo de O de alguns individuos pode ser inferior ao valor padronizado
de 3,5 mL ao realizarem a atividade de ficar sentado em repouso (BYRNE et al 2005,
KOZEY et al., 2010).

3.1.3.2 Efeito da atividade fisica e do exercicio fisico sobre o gasto energético

Primeiramente, deve-se ser feita a diferenca conceitual de atividade fisica e
exercicio fisico. Como ja dito anteriormente, a primeira se refere a qualquer movimento
de tecido muscular esquelético, no qual pode ser expresso o tempo em que o individuo
passa sentado, em pé e caminhando, bem como o nimero de passos que o individuo
executa e a cadéncia desses passos em sua rotina, que, consequentemente, gera um gasto
de energia (DASSO, 2018; INSTITUTE OF MEDICINE, 2005). Ja o exercicio fisico se
refere a um tipo de atividade fisica planejada, estruturada e repetitiva que visa melhorar
ou manter um ou mais componentes da aptidao fisica (CASPERSEN; POWELL;
CHRISTENSON, 1985).

A ideia que a atividade fisica e/ou a pratica de exercicio fisico seria capaz de
produzir algum efeito sobre o gasto energético é antiga (SPEAKMAN; SELMAN, 2003).
Esses efeitos poderiam acontecer de forma aguda ou cronica. De forma aguda, a atividade
fisica, normalmente por meio de exercicios fisicos, eleva por alguns minutos ou até horas
poOs-exercicio 0 gasto energético, que depende da natureza da atividade (intensidade e
duracdo), pelo efeito do consumo excessivo de oxigénio pods-exercicio (EPOC)
(LAFORGIA et al., 1997; WILLIAMS et al., 2013). J& de forma crénica, o exercicio
fisico poderia ser capaz de induzir altera¢cdes no gasto energético por mudancas na massa
magra, que é um dos melhores determinantes do GER, e que representa a maior parte de
sua variancia entre sujeitos (SOARES; MULLER, 2018; SPEAKMAN; SELMAN,
2003).
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3.1.4 Métodos de avaliacédo do gasto energético

Dada a importancia de conhecer os componentes do gasto energético e sua alta
variabilidade entre os individuos, diversos métodos foram desenvolvidos para mensurar
estes componentes que compde o GET (LEVINE, 2005), nessa dissertacdo iremos

abordar alguns desses métodos.
3.1.4.1 Agua duplamente marcada

O método de agua duplamente marcada (ADM) foi primeiramente descrita em
1982 por Schoeller e van Santen (1982). Esse método se baseia na mensuracdo das
quantidades de 4gua marcada por is6topos ndo radioativos de hidrogénio (°H — deutério)
e oxigénio (**0) (SPEAKMAN, 1998). Através do consumo desses marcadores, 0s
mesmos irdo se misturar com a agua corporal e, posteriormente, serdo eliminados o
deutério como &gua e o *80 na forma de gas carbonico, que sdo os produtos naturais da
oxidacdo dos macronutrientes (INSTITUTE OF MEDICINE, 2005). Essa mensuragdo
normalmente é feita pela concentracdo dos isétopos na urina com o uso da técnica de
espectrometria de massa. O desaparecimento diferencial dos dois isétopos fornece a
medida da producdo de gas carbdnico. Com o auxilio do quociente respiratério, que é a
razdo entre gas carbénico expirado e o oxigénio inspirado, seja ele estimado ou
quantificado por calorimetria indireta se é feito o célculo do GET. O método de ADM
pode ser usado para estimar 0 GET ao longo de 4 a 21 dias, sendo necessarias amostras
pontuais de urina imediatamente antes do consumo dos is6topos e diariamente ou
semanalmente depois do consumo, a depender do tempo do estudo da eliminacdo dos
isotopos (LAM, RAVUSSIN, 2016; SPEAKMAN, 1998). Atualmente, o método de
ADM é considerado o método padrdo-ouro de mensuragdo do GET, pois este permite a
mensuragdo sem confinamento, sem nenhuma modificagdo no cotidiano e sem
necessidade de fixagéo de dispositivos no corpo (SPEAKMAN et al., 2019).

3.1.4.2 Calorimetria direta e indireta

E baseando-se no entendimento em que todos 0s processos metabdlicos, que
ocorrem em organismos, produzem calor e que todo organismo vivo é um sistema aberto,
no qual existe troca de calor com 0 meio, que a técnica de calorimetria direta é construida.
Outro ponto importante nos processos metabdlicos, que acontecem nos organismos, € que

estes necessitam em grande parte da participacdo de oxigénio e liberam géas carbénico, e
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assim, fundamenta-se o método de calorimetria indireta (KENNY; NOTLEY; GAGNON.
2017).

O método de calorimetria direta € considerado o padréo-ouro para a mensuragédo
de calor produzido por um organismo, no entanto, a calorimetria indireta é a mais
utilizada para mensurar taxas de energia produzida, e, consequentemente, a oxidacao de
substratos (KENNY; NOTLEY; GAGNON. 2017). Ambas as técnicas podem ser
utilizadas para mensurar o GEB, GER, ETA, gasto energético proveniente de atividade e
0 GET, sendo neste ultimo necessario o confinamento do participante (LEVINE, 2005).
A mensuracao de calorimetria direta requer uma cdmara, na qual o individuo é colocado,
e se € mensurado o calor sensivel liberado por seu organismo, além do vapor de agua
liberado pela pele e sua respiragdo (MELO; TIRAPEGUI; RIBEIRO, 2008). J& a analise
por calorimetria indireta pode ser realizada por dois modos: por circuito fechado ou
aberto. Na primeira, o individuo respira o ar com uma composic¢ao conhecida por meio
de uma mascara ligada a um cilindro, e volta a respirar somente o ar do espirémetro.
Enquanto que no circuito aberto, o individuo respira por uma valvula de duas vias, na
qual por uma delas é inspirado o ar do ambiente, e por outra, o ar é expirado, coletado e
analisado (MELO; TIRAPEGUI; RIBEIRO, 2008).

3.1.4.3 Acelerometria

A determinacdo do GET de individuos em condic¢des de vida livre necessita de
uma avaliacdo precisa, como ja foi visto anteriormente. Mas métodos como a ADM séo
caros e requerem infraestrutura de analise bem consolidada, o que torna a aplicacdo dessa
mensuracdo em larga escala inviavel (WHITE et al., 2019). Como alternativa, sensores
de movimento fixados no corpo, como acelerdmetros, possuem o potencial de fornecer
dados sobre a maior fonte de variabilidade do gasto energético, que é a atividade fisica
(PLASQUI et al., 2013).

White et al (2019) ao avaliar 193 adultos do Reino Unido, com idade entre 40 e
66 anos e indice de massa corporal (IMC) entre 20,4 e 36,6 kg/m?, com o objetivo de
verificar a validade da intensidade de aceleragdo em locais de punho e coxa como
estimativas de gasto energético proveniente de atividade fisica e GET em condicdes de

vida livre usando dados de ADM, encontraram que esses equipamentos proveram
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estimativas suficientemente precisas em adultos de vida livre, com viés médio entre -0,3
e-0,5.

Corroborando com esses achados, Macena et al. (2019), utilizando acelerdmetros
triaxiais fixados na coxa direita, que detectavam 0s movimentos nos eixos antero-
posterior, lateral e vertical, avaliando 45 mulheres com idade entre 19 e 45 anos, com
excesso de peso (IMC > 25 e < 40kg/m?), encontraram que o método de acelerometria
também produziu boa concordancia com método de ADM, com viés médio de -1,2% e

coeficiente de correlacdo de concordancia de 0,60.
3.1.4.4 Equacdes preditivas do gasto energético

J& 0 uso de equacdes preditivas do gasto energético é considerado simples, rapido
e facil, além de possuirem custo zero (FRANKENFIELD; ROTH-YOUSEY;
COMPHER, 2005). Esse uso chama a atencdo pela sua facilidade na aplicacdo, uma vez
que comumente necessitam apenas da realizacdo de operaces matematicas simples com
algumas varidveis, como: sexo, idade, peso e altura (LEONARD, 2012). Seu uso é
disseminado na pratica clinica a muito tempo, uma vez que se data como primeira equagéo
do gasto energético a produzida por Harris e Benedict (1919), que foi construida através

de mensuracdes obtidas por calorimetria indireta.

Contudo, as equacdes preditivas de gasto energético parecem possuir precisao
diferentes a depender do grupo em que sdo aplicadas, o que pode produzir erros
significativos na estimacdo do GER ou GET. Uma hipGtese levantada sobre essa
discrepancia na estimacao do gasto energético entre equacgdes preditivas e 0 mensurado
por métodos mais robustos é baseada na observacao de caracteristicas individuais (por
exemplo: idade, sexo, composic¢do corporal e etnia) que diferem daquelas em que as
equac0es foram baseadas (FRANKENFIELD; ROTH-YOUSEY; COMPHER, 2005). No
entanto, como mostrado no estudo realizado por Macena et al (2019), que avaliou a
concordancia de 11 equagdes preditivas com 0 GET mensurado por ADM em mulheres
brasileiras, as equacbes construidas com populagdes brasileiras apresentaram maiores
valores de viés do que equacdes usadas amplamente em todo o mundo, como a de Harris
e Benedict (1919) e a da Food and Agriculture Organization (2001).

3.2 MODELOS PARA DESCRICAO DO GASTO ENERGETICO
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A relacéo do gasto energético com a atividade fisica vem sendo estudada ha muito
tempo, no entanto, ainda se apresenta com dilemas e contradicdes sobre seu real

comportamento.
3.2.1 Modelo linear (aditivo)

A descrigdo da relacdo do gasto energético com a atividade fisica por meio do
modelo linear, aditivo ou modelo fatorial, propde que essas duas variaveis assumem uma
associacdo dependente de dose e reposta, sendo 0 mesmo utilizado para recomendagdes
para 0 combate da obesidade (ABESO, 2016; FOOD AND AGRICULTURE
ORGANIZATION, 2001; WORLD HEALTH ORGANIZATION, 2010). Ou seja, a
medida que existe um incremento da atividade fisica, existe um aumento correspondente
do GET. No modelo linear, o estilo de vida e 0 meio ambiente possuem grande impacto
nas diferencas observadas no GET, uma vez que se presume que populacdes
industrializadas possuem habitos mais sedentarios e cargas minimas de patdgenos, o que
aceleraria o estabelecimento do balanco energético positivo mais facilmente e,
consequentemente, levaria ao ganho de peso (URLACHER et al., 2019; POPKIN;
ADAIR, 2012). Em suma, nesse modelo, o aumento da atividade fisica ndo geraria
modificagdes nos componentes do gasto energético ndo proveniente de atividade fisica,
sendo o aumento observado no GET advindo apenas do aumento do gasto energético
proveniente de atividade fisica, como demonstrado na Figura 1a (PONTZER, 2015).

a. Modelo aditivo b. Modelo restrito

Nivel de atividade fisica Nivel de atividade fisica

Gasto energético total
........... Gasto energético ndo proveniente de atividade fisica

Figura 1. Descricdo do gasto energético total pelos modelos linear (A) e ndo-linear

(B).
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Fonte: Adaptada de Pontzer (2015).
3.2.2 Modelo néo-linear (restrito)

Pontzer (2015) em uma revisdo propde a hipdtese de um segundo modelo para
descricdo do GET, na qual foi investigada as evidéncias empiricas de estudos em que se
eram observados o GET mensurado por ADM e sua relacdo com a atividade fisica em
humanos e outras espécies de animais. Esse segundo modelo é chamado de constrained,
aqui traduzido como restrito ou ndo-linear. Nessa proposta de modelo n&o-linear, o gasto
energético ndo proveniente de atividade fisica se adapta dinamicamente as variacfes de
atividade fisica para manter o GET dentro de uma faixa homeostatica estreita, como pode
ser visto na Figura 1b (PONTZER, 2015).

Para testar a adequacdo do modelo de gasto energético restrito, Pontzer et al
(2016) realizou um estudo com 332 individuos de ambos 0s sexos, com classificacdes
diversas de peso corporal e de cinco paises diferentes (Africa do Sul, Estados Unidos,
Gana, Jamaica e Seicheles), mensurando dados de GET mensurado por ADM e NAF por
acelerometros. Nesse estudo, Pontzer et al (2016) concluiu que: 1. a relacdo do GET e da
atividade fisica € mais complexa que a prevista no modelo aditivo; 2. as abordagens
propostas no modelo aditivo tendem a subestimar o efeito da atividade fisica sobre 0o GET
em niveis de atividade baixos a moderados e superestimar o efeito da atividade fisica em
niveis de atividade mais elevados; e 3. o efeito da atividade fisica sobre 0 GET né&o se

apresentou de forma linear, apresentando um platd apds certo aumento da atividade fisica.

Trés estudos até o momento investigaram a relacdo do GET e a atividade fisica
em diferentes contextos, sendo o de Pontzer et al (2016) um deles, que foi descrito no
paragrafo anterior (PONTZER et al., 2016; 2019; URLACHER et al., 2019; WILLIS et
al., 2022).

Willis et al (2022) avaliando 584 adultos e idosos (50 a 70 anos) dos Estados
Unidos observaram o encontro de uma relagao positiva e linear entre o GET e a atividade
fisica mensurada em contagens por minuto/dia (em inglés, counts per minutes/day,
CPM/d). No entanto, ao realizarem analises secundarias dividindo os individuos por
balanco energético (positivo, em equilibrio e negativo) categorizado por mudangas no
peso corporal apds 6 meses a mensuracdo por ADM, os achados divergiram. Os

individuos que estavam em balanco energético positivo e em equilibrio mantiveram a
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relacdo linear e positiva observada na analise principal. Contudo, os individuos que
estavam em balanco energético negativo apresentaram a relacéo entre o GET e atividade
fisica como descrita pelo modelo ndo-linear (WILLIS et al., 2022). Os autores discutem
que possiveis divergéncias encontradas entre esse estudo e o de Pontzer et al. (2016)
seriam devido as populac@es de locais diferentes e menos ativas, a idade dos individuos
recrutados e os diferentes dispositivos de mensuracdo para estimar a atividade fisica
(Actigraph vs. Actical) (WILLIS et al., 2022).

Ja o estudo de Urlacher et al (2019) foi realizado com 84 criancas (5 a 12 anos),
sendo 44 Shuaras forrageiras-horticultor da Amaz6nia equatoriana, e 40 provenientes de
populagdes industriais dos Estados Unidos e Reino Unido, no qual foram usados
acelerémetros triaxiais para mensurar o NAF e ADM para o GET. Nesse, 0s autores
conseguiram observar que apesar das criancas Shuaras serem 25% mais ativas e, em
associacdo com a atividade imunolégica, possuirem aproximadamente 20% maior GER
do que criancas de populacGes industriais, 0 GET nos dois grupos ndo se mostrou
diferente.

Essa adaptacdo do GET a niveis mais altos de atividade fisica, descrita no modelo
ndo-linear, pode ser explicada por mecanismos evolutivos das espécies, sendo apontado
os efeitos de disponibilidade de energia advinda dos alimentos e o gasto energético para
manutencdo da vida, diminuicdo do reparo somatico, retardo no crescimento e diminuicao
da atividade e liberacdo de horménios reprodutivos em resposta a niveis mais altos de
atividade fisica (DEERENBERG; OVERKAMP, 1999; PERRIGO, 1987; PERRIGO;
BRONSON, 1983; WESTERTERP, 2010; WIERSMA, VERHULST, 2005). Além disso,
alguns estudos ja apontam hipéteses que a descricdo da relacdo colocada pelo modelo
nédo-linear pode ser devida adicionalmente por adaptacbes comportamentais (como
aumento do tempo sentado e diminuicdo do movimento dos bracos) e fisiologicas
(aumento da eficiéncia muscular e diminuicdo das taxas metabdlicas dos tecidos ndo
musculares) (FERNANDEZ-VERDEJO et al., 2021; WILLIS et al., 2022).
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ABSTRACT

Obijective: The association between total energy expenditure (TEE) and physical activity
level (PAL) seems to be more complex than a linear relationship. The aim of this study
was to determine the relationship between the TEE and the PAL of women living in low-
income regions.

Methods: Anthropometric, hormonal, body composition (deuterium), TEE (doubly
labelled water) and PAL (metabolic equivalent task (MET) — triaxial accelerometer,
ActivPAL) data were collected from fifty-five women (mean age: 31 years, mean BMI:
27.4 kg/m?). Adjusted-TEE models were calculated incorporating the residuals of these
variables in the TEE, to assess the relation between MET and adjusted-TEE, through 3
different analyzes: linear regression, non-linear regression and change point regression.
Results: There was a positive linear relationship between adjusted-TEE and MET (f =
16.10 kcal; 95%Cl: 2.59; 29.60; adj-R2 = 0.08). The change point was identified in the
MET value of 256.50 (SD = 4.46; adj-R? = 0.13). The association between adjusted-TEE
and MET before the change point (B = 30.36 kcal; 95%CI: 5.82; 54.90; adj-R? = 0.11)
was stronger than the association in the linear model, and this association stop existing
when it is assessed in individuals after the change point (f = -39.34 kcal; 95%Cl: -99.84;
21.15; adj-R?= 0.08).

Conclusion: These results suggest that the relationship between TEE and PAL is not
completely linear in low-income women living in an impoverished Brazilian urban area.
Keywords: Additive model; Constrained model; Doubly labelled water; Low-income

population; Physical activity; Total energy expenditure
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INTRODUCTION

Energy imbalance is required to elicit chronic weight gain or loss, and it is of
interest to better understand the role of activity in promoting negative energy balance,
especially considering that the prevalence of obesity in adults worldwide nearly tripled
between 1975 and 2016 [1-3]. Due to the high rates of violence found in urban areas of
developing countries, the practice of physical exercise in open spaces becomes unfeasible
for this population. Furthermore, low-income neighborhoods are less likely to contain
open public physical activity facilities, weakening the residents of these regions to the
risks arising from a sedentary lifestyle and, consequently, obesity [4,5]. Studies based on
the measurement of total energy expenditure (TEE) and physical activity through
objective and reliable methods are extremely necessary to combat obesity in this
population.

The negative energy balance necessary for weight loss can be obtained by energy
restriction or by increased activity, promoting greater TEE [6-9]. The use of activity to
obtain a negative energy balance is based on the additive model of the TEE, that is, the
level of physical activity (PAL) increases, the TEE also increases [10]. Untrained
individuals, when they experience an increase in their PAL, present considerable
increases in the activity energy expenditure, however, this increase seems to have a limit,
not showing itself to be linear over time and in an indiscriminate way [11]. This is due to
the increase in energy savings induced by training, implying the maintenance of the TEE
at a higher PAL as shown by Pontzer et al. (2016). Thus, possibly, the effects of
interventions based on increasing the PAL would attenuate over time. So far, only one
study has directly tested the hypothesis of the suitability of a non-linear model, which

was carried out with adults in five countries [12].



27

Given the ongoing obesity epidemic throughout the world, it is of great
importance to understand how the PAL of individuals relates to TEE, to better guide
interventions that aim to establish a negative energy balance, such as those to combat
obesity. As well, understanding how PAL influence TEE is relevant for clinical practice
as there is a need to verify which model is more suitable in other populations with
different physical characteristics. The aim of this study was to determine the relationship
between the TEE and the PAL of low-income women living in an impoverished Brazilian
urban area.

METHODS
ETHICAL ASPECTS

This study was submitted to and approved by the Research and Teaching Ethics
Committee of Centro Universitario Cesmac, under protocol number 1588/12. All
participants read and signed the informed consent form.

STUDY DESIGN

This is a cross-sectional study in which the collections were carried out in July
2013.

LOCATION AND STUDY POPULATION

Sampling was non-probabilistic for convenience. The study included adult women
aged between 19 and 45 years, with a body mass index (BMI) > 18.5 kg/m?, who were
mothers or caregivers of children with short stature treated at the Center for Recovery and
Nutritional Education (CREN), which is located in the region with the lowest Human
Development Index in the municipality of Maceié-Alagoas. Pregnant women, lactating
women, who had a physical condition that would make it impossible to perform
anthropometric assessment and who did not have a stable body weight in the last month

or during the period of TEE assessment using doubly labelled water (DLW) were not
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included. Those who were on chronic medication use (e.g., antidiabetics, diuretics or
thyroid hormone replacement) or who performed physical exercises, such as weight
training, were also not included.
VARIABLES AND MEASURING INSTRUMENTS
Sociodemographic data

Data on age and years of schooling were collected through a questionnaire
previously structured by the research team.
Anthropometric assessment

Body weight was measured using a digital scale (Filizola, Sdo Paulo, Brazil), and
height using a portable stadiometer. BMI was calculated by dividing body weight by
height squared and classified as suggested by the World Health Organization (1995) [13].
Hormonal analysis

Study participants were instructed to fast for 12 hours for blood collection. The
samples were collected by peripheral venipuncture performed at CREN, and subsequently
analyzed in a local laboratory. The chemiluminescence technique (Unissel DxI 800 from
Beckman Coulter) was used to determine serum levels of insulin, thyroid stimulating
hormone (TSH), free triiodothyronine (FT3) and free thyroxine (FTa).
Total energy expenditure and body composition

According to the recommendations of the International Dietary Energy
Consultancy Group, the participants' TEE was measured using the DLW multiple point
technique (2H2'20) [14]. All women received a single dose of DLW. The DLW dose was
formulated considering the estimated total body water of the included women and was
composed of 0.12g of water marked with 99.8% of ?H and 2g of 10% of water marked
with 80/kg of estimated body water. Body water is assumed to represent 50% of women's

body weight [15]. Then, urine samples were collected from each participant on the 1st,
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2nd, 3rd, 7th, 12th, 13th and 14th days after dose administration. These samples were
used to compare the enrichment of the baseline sample, being necessary for the
calculation of the isotope dilution spaces and the TEE. The enrichment of the samples
collected 14 days after dosing was used to plot the elimination rate of 2H and 20, being
calculated according to Speakman (1998) [16]. An average respiratory quotient of 0.85
was assumed to calculate the TEE. In addition, the water used for consumption was
collected and analyzed, and all calculations were adjusted for the isotope content in
drinking water. The isotopic analysis of the samples by the isotopic ratio of mass
spectrometry for 120 (ANCA 20-20; Europe Scientific) and for 2H (ANCA 20-22; Sercon)
was performed at the Mass Spectrometry Laboratory of the Faculdade de Medicina de
Ribeirdo Preto, accredited by the International Atomic Energy Agency.

As proposed by Schoeller (1988), the determination of body composition occurred
from formulas to obtain the water dilution spaces of the stable isotopes in relation to the
baseline values. The determination of the fat-free mass (FFM) considered the hydration
constant of this tissue composed of 73.2% water. Total body fat (BF) was obtained by
subtracting FFM from body mass [17].

Physical activity level

PAL was measured using triaxial accelerometers (ActivPAL, Glasgow, UK) that
detect body movements in three axes (anteroposterior, lateral and vertical). The use of
this equipment has been validated in adults, showing reliable measurement in activities
of posture and movement, and walking, with an error percentage of 1%, regardless of the
walking speed [18,19]. In addition, accelerometers are accurate in the classification of
activity intensity categories for healthy adults and have been used as a criterion measure
for validity of studies of sitting and standing, sedentary behavior and activities of light

intensity [20-22]. The accelerometers were fixed at the midpoint between the inguinal
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line and the upper edge of the patella, exactly in the anterior muscles of the right thigh
with the aid of two waterproof and hypoallergenic adhesives (TegaDerm®, 3M). The
equipment was placed at CREN during the measurement period of the DLW, from which
each participant was advised not to remove it, regardless of the activity they were carrying
out. The women used the accelerometers for 7 days (168h) in a row and the measured
data were transferred and analyzed by the ActivPAL3™ software, so that it was possible
to determine the intensity and duration of each category of activities (sitting/lying time,
standing time, walking time). This software also provides an estimated metabolic
equivalent task value (MET.h) for the entire period in which the participants used the
device, multiplying the MET value for each activity by the duration of the activity, based
on the standard values: lying/sitting (1.25 MET), standing (1.40 MET) and walking at
120 steps per minute (4 MET). For cadences that differ from 120 steps per minute, the
following equation is used to calculate the MET estimate: MET.h = (1.4 x d) + (4 - 1.4)
X (¢/120) x d whose value of ¢ corresponds to the cadence (steps per minute), and d the
duration of the activity (in hours) [23]. The MET value expressed by the accelerometer
analysis is closely related to the concept of physical activity ratio (TEE/resting energy
expenditure) [6]. This method has already shown that its estimates generate good
agreement with the TEE measured by DLW, in a study carried out by the research group
in the same sample as this study (Bias = -1.2%; Correlation coefficient of agreement =
0.6) [24].
STATISTICAL ANALYSIS

Continuous variables were exposed as mean and standard deviation, while
categorical variables were presented in frequencies. Multivariable regressions were
conducted to reduce the residual effect of the TEE variability taking into account the

exposure variables, separated into blocks: biological (body weight, age and height),
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hormonal (insulin, TSH, FT4 and FT3) and body composition (FFM and BF) to verify the
effect of these variables on the TEE. For models in which body composition was not
included, body weight was added as a covariate, as suggested by Allison et al. (1995) and
Poehlman and Toth (1995), so that it was possible to control for different body weights
of the participants in the TEE variability [25,26]. Finally, a model was created to obtain
the greatest predictive capacity of the TEE using the variables that had the greatest
predictive capacity in each block. Prediction ability was assessed using the determination
coefficient (adjusted R?).

To incorporate the influence of these variables on the TEE, we calculated the TEE
adjusted by the residuals, which was the result of the gross TEE added to the non-
standardized residuals of the previously described models, thus, it is possible to reduce
the degree of residual confusion to assess the impact of MET on TEE.

In order to verify the relationship between the dependent variable (adjusted TEE)
and the MET, three different regression models were constructed on the scatter plot
between these variables. First, to verify the additive model, a simple linear regression was
performed between the dependent variables and MET. In addition, we performed an
analysis to assess the MET threshold, which represents the MET value in which the
relation between MET and adjusted TEE ceases to be linear. For that, we performed 46
linear regressions between the two variables to calculate the effect size (B and confidence
interval). In each linear regression performed, the data of the participant with the lowest
MET in the sample was excluded (example: 1st = df54, 2nd = df53 ... 46th = df9), with
the first regression being performed with the total sample and the last with 10 participants,
and in this way, consequently, the average value of MET increased with each stage.
Subsequently, we performed the locally weighted scatterplot smoothing (LOWESS)

method, the result of a non-linear regression. Finally, we used point of change regression



32

to estimate the association between the MET and the dependent variables. This regression
is used to indicate the plateau in the relationship between MET and adjusted TEE, that
allows to estimate a point of change, from linear/additive increase, to plane/plateau. Then,
we compare the adjusted R? of the segmented and linear regressions to see if there is a
difference in the capacity of determination between the models. This approach was
similarly used in the study by Pontzer et al (2016) [12]. We adopted a value for o of 5%
and all analyzes were performed using the statistical software R v. 3.6.1, with the package
“Remdr”, “ggplot2” and “segmented” [27-29].
RESULTS

A flowchart of the inclusion and selection of participants can be seen in Figure 1.
Of the total sample (n=55), 18 (32.73%) women were classified as normal weight, 22
(40.00%) as overweight and 15 (27.27%) as obese. The other characteristics of the sample
can be seen in Table 1

A summary in Table 2 presents five models verifying which variables are related
to the TEE. Before introducing the hormonal variables in the Model 3 adjusted-TEE, we
included all the hormones analyzed in the present study, however, the inclusion of TSH
and FT4 decreased the predictive capacity of the model. Therefore, Model 3 adjusted-TEE
included only data on the hormones insulin and FT3, however, it was not possible to
observe a change in the coefficient of determination in relation to the Model 2 adjusted-
TEE. The inclusion of the FFM and BF variables, and the removal of BW in Model 4
adjusted-TEE was able to explain 19.00% more of the TEE, compared to Model 3
adjusted-TEE. Finally, when analyzing the variables with the best ability to explain the
TEE in each block, we created the Model 5 adjusted-TEE (adjustment for the variables
age, FTs, insulin, FFM and BF), which showed an adjusted determination coefficient of

51.00%. All models showed a significant association with TEE.
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MET.h was shown to be linearly associated with Model 5 adjusted-TEE (adjusted-
R2=0.08; p = 16.10 kcal; 95% CI: 2.59; 29.60; p = 0.02) (Figure 2).

In Figure 3, the effect of the Total MET.h threshold on the Model 5 adjusted-TEE
is shown. From the moment we included only individuals above the df52 threshold, with
53 participants and an average MET.h of 248.03 or an average MET/h of 1.48, the
relationship between MET.h and the Model 5 adjusted-TEE is no longer significant ( =
13.99 kcal; 95% CI: -0.53; 28.53; p = 0.05).

The change point identified in the relationship between Model 5 adjusted-TEE
and MET.h was 256.50 MET.h (SE = 4.46; adjusted-R? = 0.13), indicating a better
predictive power of the non-linear model (adjusted-R? = 0.13) than the additive model
(adjusted-R2 = 0.08). When we evaluate the 1% slope, which refers to the relationship
before the change point, we observe a significant B coefficient of MET.h in Model 5
adjusted-TEE of 30.36 kcal (95%Cl: 5.82; 54.90; p = 0.01; adjusted-R?=0.11), while 2"
slope, after change point, the observed [ coefficient of -39.34 kcal (95%Cl: -99.84; 21.15;
p = 0.18; adjusted-R? = 0.08) was not significant.

DISCUSSION

The global prevalence of obesity continues to remain high with millions of adults
and children being diagnosed with a number of metabolic pathologies associated with
excess fat mass [2]. Thus, there is a great public health need to understand the role of
physical activity in promoting a negative energy balance to counter obesity. We found
that participants in this study have a positive linear relationship between TEE adjusted
for age, insulin, FTs, FFM and BF, and MET.h. However, the magnitude of the
association of this additive model with all individuals is less than when compared with
the association between these variables considering only individuals before the change

point. As well, the association between the adjusted TEE and MET.h cease to exist when
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assessed in individuals after the change point. Thus, it can be observed that the
relationship between TEE and MET.h is not completely linear, showing that the additive
model may not be adequate to describe the TEE of the present sample.

The maintenance of TEE within a narrow range as the PAL increases is considered
an evolutionary trait among several species of animals, the same being also observed in
humans [30]. This hypothesis was presented by Pontzer et al. (2016) in which 332
individuals of both sexes, from five different countries and different BMI categories, to
identify the suitability for the non-linear model [12]. As in the study by Pontzer et al.
(2016) [12], the present investigation found that before the change point identified in the
analyzes between the Model 5 adjusted-TEE relationship and MET.h, the effect of a
physical activity marker on TEE seems to be underestimated in additive models, and
subsequently theoretically compensated for higher PAL.

The non-linear TEE model attributes the achievement of a TEE plateau as the
marker for physical activity increases to a decrease in non-energy expenditure physical
activity caused by decreased reflex of the observed reproductive hormonal activity both
in non-human animals and in humans, when they experience higher PAL [31-33]. This
can also be seen, for example, in women athletes who have their menstrual cycle
normalized after decreasing their energy expenditure even without showing changes in
weight and body composition [34,35]. Another explanation for the application of the non-
linear model for the description of TEE in humans is raised by Sanchez-Delgado et al.
(2016), in which an increase in the activity of brown adipose tissue is found in individuals
who have low PAL, while the same activity is reduced in response to physical exercise
performed by conditioned or very active individuals [36].

Such findings suggest care should be used in the application of interventions based

on the increase of PAL for the structuring of coping with obesity. Several guides and
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consensuses for the treatment of obesity encourage the practice of physical activity as the
primary intervention of this chronic disease [37-40]. Despite the health benefits of
physical activity being well established, since studies show a reduction in risk for
cardiovascular diseases, diabetes and cardiometabolic risk factors [41,42], the impact of
the increase in PAL on the components of energy expenditure does not appear to be
effective, after a determined PAL, which appears to be around 1.48 MET.h/day, which is
equivalent to the low-active lifestyle profile according to the Institute of Medicine (2005)
[1], which provides, in this classification, activities such as a 3.5 km/day walking at the
speed of 4.8 to 6.4 km/h performed by an adult weighing 70 kg. As shown in Figure 3,
the physical activity marker, MET.h, does not appear to have a robust linear association
with the Model 5 adjusted-TEE, with a significant association being observed only at the
thresholds df54 and df53.

According to our findings, the practice of physical exercise was studied as a
possible increase in resting energy expenditure, either acutely due to the effect known as
excessive consumption of Oz post-exercise or in a chronic way by providing changes in
lean mass [1,43]. The same absence of difference in energy expenditure also seems to
occur in studies that carried out randomized clinical trials with interventions based on the
practice of physical exercises [44-46]. These findings lead us to reflect on whether the
behavior of the TEE as the PAL is increased would be due to a decrease in resting energy
expenditure, as recommended by Pontzer (2015) [30], requiring further studies to assess
all components of energy expenditure as the PAL increases.

Our study has some limitations that are worth discussing to fully appreciate the
data presented. First, the triaxial accelerometers used to measure the PAL do not allow
the observation of the impact of possible physical activity practices with the help of

weights or that were related to the upper limbs. However, the use of triaxial
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accelerometers has high precision and they have been validated for the measurement of
habitual physical activity [47]. Furthermore, it should be noted that our study has a cross-
sectional design, and longitudinal studies are needed to assess the effects of increasing
PAL on TEE, which would allow a change in point of view from inter-individuals to intra-
individuals. Lastly, our investigation was not primarily built to test the hypothesis raised
in the present study. However, due to the great scarcity of studies on the possible
application of the non-linear model to describe the TEE of individuals, mainly in
populations with low economic class, our study contributes to the body of scientific and
points to more investigations on the topic to be carried out.

Based on the results of our study, we conclude that in the present sample the non-
linear model seems to be more suitable for describing the TEE of low-income women
living in an impoverished Brazilian urban area than the linear model. We also highlight
that the association presented by the physical activity marker, MET.h, in the TEE appears
to be minimal, suggesting that the comprehensive recommendations on increasing PAL
for the treatment of obesity, via a supposed increase in TEE, should be made carefully,
since that this linear and additive relationship appears to be true only up to a certain
amount of physical activity. The findings clearly indicate that practicing physical activity
should be the recommendation for all individuals, since it is superior to physical inactivity
on several fronts. However, what does not seem to be advisable is the continuous increase
in PAL as a way to further increase the TEE, after a certain point.
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Table 1. Sample characteristics (n = 55)

Variables Mean Standard deviation
Age (years) 31.03 5.42
Scholarity (years) 6.98 3.34
Body mass (kg) 66.47 12.26
Height (cm) 155.72 7.64
BMI (kg/m?) 27.47 4.59
FFM (kg) 38.14 5.38
BF (kg) 28.33 8.10
% BF 41.98 5.93
TEE (kcal/d) 2118.05 361.75
Number of steps (per
11078.73 3800.06

day)
Sitting/lying down time

15.07 1.81
(h/d)
Standing time (h/d) 6.48 1.51
Walking time (h/d) 2.44 0.75
MET.h 247.34 10.70
Insulin (muUI/L) 9.80 11.98
TSH (uUl/mL) 1.81 1.22
FT4 (ng/dL) 9.51 2.21
FTs (ng/mL) 1.25 0.26

BMI: body mass index; BF: Body fat; FFM: fat-free mass; FTs: free
triiodothyronine; FT4: free thyroxine; MET.h: metabolic equivalent task; TEE:

total energy expenditure; TSH: thyroid stimulating hormone.
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Model 1 adjusted-TEE

Model 2 adjusted-TEE

Model 3 adjusted-TEE

Model 4 adjusted-TEE

Model 5 adjusted-TEE

Adjusted R? =0.26

Adjusted R>=0.31

Adjusted R? =0.31

Adjusted R? =0.50

Adjusted R?=0.51

Variables p<0.01 p<0.01 p<0.01 p<0.01 p<0.01
AIC =791; BIC =797 AIC =790; BIC =800 AIC =791; BIC =805 AIC =774; BIC =790 AIC =772; BIC =786
B 95% CI ] 95% ClI ] 95% ClI ] 95% CI B 95% CI
Constant 1088.37 621.20; 1555.54 -825.40 -2678.81; 1028.01 -891.39  -2910.81;1128.01 -329.11 -2073.24; 1415.02 -655.94 -1611.76; 299.88
Body weight (kg) 15.48 8.57; 22.40 12.53 4,94, 20.12 14.38 6.32; 22.44 - - - -
Age (years) - - 13.61 -1.63; 28.87 12.80 -4.69; 30.29 17.98 2.86; 33.13 18.18 3.20; 33.16
Height (cm) - - 10.83 -1.43; 23.10 10.32 -1.96; 22.60 -2.71 14.79; 9.36 - -
Insulin (mUI/L) - - - - -5.17 -12.96; 2.62 -4.05 -10.73; 2.62 -3.98 -10.60; 2.62
FT3(ng/dL) - - - - 79.05 -274.98; 433.10 234.60 -76.11; 545.32 231.27 -76.40; 538.95
FFM (kg) - - - - - - 59.22 37.54;80.90 56.29 39.10; 73.49
BF (kg) - - - - - - -7.13 -19.16; 4.89 -6.67 -18.42; 5.08

BF: body fat; FFM: fat-free mass; FT3: free triiodothyronine.
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FIGURE CAPTIONS

Figure 1. Flowchart of selection and data collection

Figure 2. Relationship between total energy expenditure and physical activity marker, total
MET.h
Continuous line = Non-linear model; Dashed line = Linear model; Vertical dashed line =

Change point

Figure 3. The effect of Total MET.h on the adjusted total energy expenditure for subjects
according to the increasing thresholds of Total MET.h

df = degrees of freedom. The first plot “df(54)” includes all individuals (n = 55). After that,
individuals were excluded one-at-a-time, beginning with the individual with the lowest MET.

The last plot “df(9)” is the analysis with the 10 individuals with the highest MET.
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Figure 3. The effect of Total MET.h on the adjusted total energy expenditure for subjects according to the increasing thresholds of Total MET.h
df = degrees of freedom. The first plot “df(54)” includes all individuals (n = 55). After that, individuals were excluded one-at-a-time, beginning

with the individual with the lowest MET. The last plot “df(9)” is the analysis with the 10 individuals with the highest MET.
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5 CONSIDERACOES FINAIS

Apo6s a mensuragdo do GET e o NAF por meio de métodos considerados padréo-ouro,
e a avaliagdo das duas diferentes abordagens de descrigdo do GET, foi possivel observar que o
modelo ndo-linear descreve melhor a relacéo entre essas duas variaveis. O modelo linear testado
apesar de apresentar associacdo entre o GET ajustado e o MET, esse se mostrou menos
adequado que o modelo ndo-linear. No modelo ndo-linear, a associacdo dessas duas variaveis
parece ser apenas perceptivel antes do ponto de mudanca identificado. O entendimento que a
relacdo do GET e o NAF ndo é linear, pode impactar diretamente na préatica clinica e pesquisas
cientificas acerca de individuos com sobrepeso e obesidade. Por fim, ainda salientamos a
importancia da atividade fisica sobre a salde humana e que esta deve ser recomendada de forma

abrangente, no entanto, ndo com o objetivo de propor um aumento do GET.
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Objective: To determine which predictive equation of resting energy expenditure {REE) and total energy expenditure (TEE) has the
lowest bias and the highest precision in adults with overweight and obesity.

Methods: Searches were performed on January, 2022 in the MEDLINE, Web of Science, Scopus, CENTRAL and grey literature
databases. Meta-analyses were performed with egquations included in more than one study, We used the DerSimonian and Laird
random-effects model and the 12 statistics to quantify heterogeneity in our quantitative analyses. We performed the Egger test to
assess potential publication biases and conducted metaregression analysis to explore the heterogeneity. We also present findings
separated by participants' body mass index classification (overweight and obesity).

Results: Sixty-one studies were included, in which we were able to identify 47 different predictive equations of energy expenditure.
The FAQ/WHO/UNU (1585) equation, which uses only body weight in its formula, showed the lowest bias to estimate REE (mean
difference [MD]=8.57 kcal; 95%CI=-26.9%; 44.,54). In the subgroup analysis for individuals with obesity, Lazzer {2007) equation
showed the lowest bias (MD=4.70 kcal; $5%CI1=-95.45; 104.88). The Harris-Benedict equation (1919) showed the highest precision
values for both individuals with overweight (60.65%) and obesity (62.54%). Equations with body composition data showed the
highest biases. The equation proposed by the Institute of Medicine (2005) showed the lowest bias (MD=-2.52 kcal; 95%CI=-125.54;
120.90) among those used to estimate the TEE. We found a high heterogeneity (I2>90%) in most of our analyses. There was no
evidence of publication bias.

Conclusions: Considering all individuals with overweight, the FAO/WHO/UNU (1985) and the Harris-Benedict equations (1919) showed
the lowest bias and the highest precision to predict the REE, respectively, For individuals with sbesity, Harns-Benedict (151%) showed
the highest precision and Lazzer (2007) showed the lowest bias. More studies are needed on predictive equations to estimate the TEE.
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ABSTRACT

Objective: To determine which predictive equation of resting energy expenditure (REE) and
total energy expenditure (TEE) has the lowest biasand the highest precision in adults

with overweight and obesity.

Methods: Searches were performed on January, 2022 in the MEDLINE, Web of Science,
Scopus, CENTRAL and grey literature databases. Meta-analyses were performed with
equations included in more than one study. We used the DerSimonian and Laird random-effects
model and the 12 statistics to quantify heterogeneity in our quantitative analyses. We performed
the Egger test to assess potential publication biases and conducted metaregression analysis to
explore the heterogeneity. We also present findings separated by participants’ body mass

index classification (overweight and obesity).

Results: Sixty-one studies were included, in which we were able to identify 47 different
predictive equations of energy expenditure. The FAO/WHO/UNU (1985) equation, which uses
only body weight in its formula, showed the lowest bias to estimate REE (mean difference
[MD]=8.97 kcal; 95%CI1=-26.99; 44.94). In the subgroup analysis for individuals with
obesity, Lazzer (2007) equation showed the lowest bias (MD=4.70 kcal;, 95%CI=-95.45;
104.86). The Harris-Benedict equation (1919) showed the highest precision values
for both individuals with overweight (60.65%) and obesity (62.54%). Equations with body
composition data showed the highest biases. The equation proposed by the Institute of
Medicine (2005) showed the lowest bias (MD=-2.52 kcal; 95%CI=-125.94; 120.90) among
those used to estimate the TEE. We found a high heterogeneity (1>>90%) in most of our

analyses. There was no evidence of publication bias.

Conclusions: Considering all individuals with overweight, the FAO/WHO/UNU (1985) and
the Harris-Benedict equations (1919) showed the lowest bias and the highest precision to
predict the REE, respectively. For individuals with obesity, Harris-Benedict (1919) showed the
highest precision and Lazzer (2007) showed the lowest bias. More studies are needed on
predictive equations to estimate the TEE.

Keywords: Calorimetry; Doubly labelled water; Energy metabolism; Obesity; Predictive

equations
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Abstract

Reducing sedentary behaviour (SB) and increasing physical activity (PA) by sitting less and standing/walking more is advised to prevent chronic
diseases. However, the mechanisms underlying this recommendation are not well established, especially in individuals with obesity living in
low-income regions. The present study evaluated whether there are associations between PA indicators (PAI - standing time, walking time and
the number of steps/d) and $B indicators (SBI - sitting/lying down time) with the hormonal profile and resting energy expenditure (REE) of adult
women living in a low-income region. This is a cross-sectional study. We collected data on hormones (insulin resistance, leptin and thyroid axis),
body composition (tetrapolar bioimpedance), REE (indirect calorimetry), and PAT and SBI (triaxial accelerometers, ActivPAL). Multivariable
linear models adjusting for age and fat-free mass were perfformed. Fifty-eight women (mean age of 31 years and BMI of 33 kg/m?) were included.
The mean sitting/lying down time and standing time were 16-08 and 5-52 h/d, respectively. Sitting/lying down time showed a direct association
with free thyroxine (FT)) (f =0-56 ng/dl; 95% CI ==1-10, =0-02). Standing time showed a direct association with FT; (f=0.75 ng/dl; 95%
CI=0-01; 1-48) and inverse association with free triiodothyronine (f==2.83 pg/ml 95% CI ==5-56, =0-10). There were no associations
between PAI and SBI with the REE, insulin resistance, leptin and thyroid-stimulating hormone. Thus, decreased SB is associated with thyroid

hormones levels but not with REE, insulin resistance or leptin in women with obesity living in low-income regions.

Key words: Body composition: Exercise: Hormones: Indirect calorimetry

Obesity has a multifactorial origin, with increasing prevalence in
recent decades worldwide and a high burden on the public
health system due to its significant morbidity and mortality.
Over the years, increasing physical activity (PA) energy expendi-
wre hasbecome a commonly applied strategy to combat obesity,
especially through the pracrice of physical exercises, a planned
structured repetitive PA aimed at improving or maintaining one
or more components of physical fitness”.

The practice of physical exercise brings health benefits to
individuals®™. Physical exercise can provide several metabolic
changes, including thermogenesis, f-adrenergic stimulation,
hepatic mitochondrial acivity, decreased blood pressure,
improved insulin resistance and decreased circulating leptin lev-
eld™%, Due to its effects on lean mass, physical exercise is

purported to increase an individual's resting energy expenditure
(REE)''Y, However, there is evidence that differences in REE
between individuals are not fully explained by differences in
body composition and aerobic fitness alone'!?,

On the other hand, it is noteworthy that physical exercise is
not the only component of PA that plays a role in human health.
PA is defined as any type of movement performed by the skeletal
muscles that result in energy expenditure, at various intensities,
durations and frequencies of muscle contractions. Low PA,
which is related to sedentary behaviour (SB), is gaining attention
for its deleterious effects on human health®. SB occurs through
sitting/lying down or reclining while awake and leads t© low
energy expenditure (approximately 1.0-1-5 times metabolic
equivalent of task (MET)), being associated with an increased

Abbreviations: FFM, fat-free mass; FT3, free triiodothyronine; FT4, free thyroxine; HOMA-IR, homoeostatic insulin resistance model; MET, metabolic equivalent
of task; PA, physical activity; PAL PA indicator; REE, resting energy expenditure; 5B, sedentary behavior; SBI, SB indicator; TSH, thyroid-stimulating hormone.

* Corresponding author: Nassib Bezerra Bueno, email nassib bueno@fanut. ufal br
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