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1. INTRODUCCION

El musculo y el hueso estan estrechamente unidos tanto anatémica,
funcional como genéticamente. El vinculo mas aceptado y
reconocible, es la relacion mecanica entre ambos tejidos, ya que los
musculos se adhieren al hueso y generan movimiento a través de la
contraccion activa. EI muasculo y el hueso comparten el mismo
origen mesodérmico y, por tanto, es razonable suponer que los dos

tejidos comparten determinantes genéticos.

En los ultimos anos existe un interés creciente por las interacciones
bioquimicas, autocrinas, paracrinas y endocrinas entre el masculo y
el hueso al ser considerados como O6rganos con propiedades
endocrinas. Estas interacciones adquieren una particular
importancia debido a que el musculo secreta factores reguladores
del hueso y el propio tejido 6seo puede modular el metabolismo del
musculo esquelético (Cianferotti et al., 2014; Avin et al., 2015).

El envejecimiento esta asociado con un incremento de la
prevalencia de alteraciones musculoesqueléticas. Primero
apareciendo una pérdida progresiva de la fuerza muscular, definida
como dinapenia y posteriormente esta pérdida de fuerza muscular
se acompana de una disminucion de la masa muscular, definiendo
el término sarcopenia (Pérez-Lépez., 2017). Asi mismo, el
envejecimiento también se asocia con un deterioro en la cantidad y
calidad de la masa 6sea, caracteristico de la osteoporosis. Debido
al aumento en la esperanza de vida de la poblacion, se ha
producido un incremento significativo de estas patologias. Este
hecho ocasiona un gran problema de salud publica, no solo en el



estado de salud y calidad de vida de los pacientes, sino por el coste
econdmico y social que conlleva su tratamiento y sus secuelas
(Bohannon., 2008; Clynes et al., 2020).

Como la etiopatogenia de estas patologias es multifactorial, un
abordaje sistematico de los factores de riesgo relacionados con el
deterioro muscular y de la masa Osea es esencial para la

prevencion.

1.1 Fuerza muscular

La fuerza muscular es una funcion esencial del cuerpo humano,
siendo un componente relevante de la salud y la forma fisica.
También se refiere a la capacidad de un muasculo o grupo de
musculos para ejercer fuerza contra una resistencia. La fuerza
muscular esta involucrada en muchas actividades, tareas diarias,
mantenimiento de la independencia funcional y autonomia. Asi, la
actividad fisica regular adaptada a la edad es una recomendacién
preventiva para un envejecimiento saludable (Warburton et al.,
2017; Haider et al., 2019).

El término dinapenia define la pérdida de fuerza muscular
relacionada con la edad, no causada por enfermedades musculares
0 neuroldgicas (Clark et al., 2008). La dinapenia esta considerada
como el indicador primario de la sarcopenia (Manini et al., 2012).

Los mecanismos fisiopatolégicos de la debilidad muscular se
pueden compartimentar en dos factores. En primer lugar, el
deterioro del sistema muscular que causa un déficit en la

produccion de fuerza del musculo esquelético y en segundo lugar,



el deterioro del sistema nervioso que disminuye la capacidad de
activacion muscular voluntaria. Posteriormente, se producen
limitaciones funcionales y riesgo de discapacidad fisica (Clark et al.,
2012).

Tenemos que tener en cuenta, que la pérdida de fuerza muscular
relacionada con la edad se explica solo parcialmente por los
cambios en la composicion muscular y la reduccién de la masa
muscular, por lo tanto, otros factores fisiolégicos estarian
involucrados en la explicacion de la debilidad muscular en adultos
mayores (Rizzoli et al., 2014). Entre los factores implicados se
podrian incluir: el nivel de actividad fisica, el estado nutricional, el
envejecimiento gonadal con la reduccion de la produccion de
esteroides gonadales y la pérdida o disfuncién de motoneuronas
(Cipriani et al., 2012; Larsson et al., 2019; Borges et al., 2020).

1.1.2 Implicaciones clinicas de la fuerza muscular

La fuerza muscular de agarre es considerada como un biomarcador
de fragilidad, en el cual hay un aumento de la vulnerabilidad del
individuo para desarrollar dependencia y/o mortalidad (Sayer et al.,
2015; Bohannon., 2019).

La medicién de la fuerza muscular de agarre esta incluida en los
criterios validados para determinar la fragilidad y se ha propuesto
como un componente clave de los fenotipos de fragilidad (Martin-
Ruiz et al., 2014). La debilidad muscular, medida por la fuerza
muscular de agarre, estd asociada a un peor estado de salud y
predice futuros eventos adversos para la salud (Bohannon., 2008).

Por lo tanto, una fuerza muscular de agarre baja esta asociada con



una mayor morbi-mortalidad por todas las causas, asi como una
mayor discapacidad (McGrath et al., 2020). La fuerza muscular
seria un mejor indicador que la masa muscular respecto a la
capacidad funcional, riesgo de hospitalizacién y mortalidad
(Newman et al., 2006; Cawthon et al., 2009).

La enfermedad cardiovascular es una de las principales causas de
muerte en todo el mundo y se ha identificado que las mujeres
dinapénicas tienen una funcién cardiorrespiratoria mas baja que las
mujeres no dinapénicas, incluso si tienen la misma masa muscular
(Barbat-Artigas et al., 2011). Presentar una fuerza muscular de
agarre disminuida est4d asociada con el sindrome metabdlico,
considerado como un precursor de enfermedad cardiovascular
(Wilson et al., 2005).

Diversos estudios han asociado una baja fuerza muscular de agarre
con el deterioro cognitivo y se ha sugerido que la medicién de la
fuerza muscular de agarre puede ayudar a identificar la aceleracion
del deterioro cognitivo (Leong et al., 2015). Se ha observado que
por cada disminucién de 1 libra (0.454 kg) en la fuerza muscular de
agarre basal se asocia con un aumento del 1.5 % en el riesgo de
padecer enfermedad de Alzheimer (Buchman et al., 2007).

La fuerza muscular de agarre también es un indicador de
discapacidad funcional y mayor riesgo de caidas. Se ha observado
que una mayor fuerza muscular de agarre esta asociada con un

menor riesgo de discapacidad (Gopinath et al., 2017).

Ademas, la baja fuerza muscular de agarre se correlaciona con baja



densidad mineral 6sea (DMQO), mayor riesgo para la osteoporosis y
mayor riesgo de futuras fracturas en mujeres posmenopausicas (Li
et al., 2018).

1.2 Densidad mineral 6sea (DMO)

La osteoporosis se define como una enfermedad 6sea sistémica
caracterizada por una disminucion de la masa ésea y un deterioro
de la microarquitectura del tejido éseo, provocando un aumento de
la fragilidad ésea y como consecuencia un aumento del riesgo de
fractura. En la Conferencia de consenso del National Institutes of
Health (NHI) de Estados Unidos, se simplificd la definicion donde se
destacaba la disminucion de la resistencia 6sea predisponiendo a
un mayor riesgo de fractura. El concepto de resistencia integra
cantidad y calidad del hueso (NIH., 2001). Existe una definicion
densitométrica de la osteoporosis realizada por el Comité de
Expertos de la OMS, de facil uso en la practica clinica que permite
homogeneizar poblaciones a la hora de realizar estudios clinicos o
terapéuticos (WHO., 1994). La osteoporosis es la enfermedad

metabdlica 6sea mas frecuente.

La masa désea aumenta durante las primeras décadas de la vida
hasta alcanzar un maximo entre los 25 y los 30 afos, denominado
“pico de masa Osea”. Posteriormente se produce una fase de
meseta con una duracion entre 10 a 20 anos y finalmente en la
mujer, se produce una disminucion brusca de la DMO coincidiendo
con la menopausia y se prolonga con una disminucion persistente,
pero de forma mas lenta durante la etapa del envejecimiento (Mora
et al., 2003). Figura 3.
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Figura 3. Evolucion de la masa dsea en la mujer

La microarquitectura es uno de los componentes no directamente
relacionados con la masa ésea. Cuando disminuyen el espesor y el
numero de trabéculas se produce un aumento de la fragilidad 6sea,
siendo especialmente importante para la resistencia del hueso
trabecular (Brandi et., 2009).

La baja masa 06sea es consecuencia de dos variables: el pico de
masa 6sea alcanzado en la juventud y la pérdida 6sea en etapas
mas tardias. Por lo tanto, es importante conocer los factores que
influyen en una baja masa 6sea final, existiendo unos factores no
modificables y otros modificables (Del Pino., 2010). Entre los
factores no modificables encontramos: la edad, el sexo, la genética,
la menopausia y otros factores hormonales, asi como algunas
enfermedades que pueden causar osteoporosis, como la artritis
reumatoide, hepatopatias crénicas, sindromes de malabsorcion y el
mieloma. Con respecto a los factores de riesgo modificables
estarian: el sedentarismo, una dieta pobre en calcio o hiperproteica,



el tabaco, el consumo de alcohol, |la delgadez y el uso prolongado
de algunos farmacos (Gonzalez-Macias et al., 2004).

La edad, es uno de los factores mas relacionados con la
osteoporosis debido a la pérdida de masa 6sea que se produce por
el propio proceso de envejecimiento. De forma habitual, la
osteoporosis debuta en el Ultimo tercio de la vida.

El sexo femenino tiene una mayor predisposicién a la osteoporosis,
en parte porque generalmente la mujer alcanza un pico de masa
Osea inferior al del vardn y sobre todo, por el déficit estrogénico que
se produce durante la transicion de la menopausia.

La osteoporosis es una enfermedad poligénica de la que empiezan
a conocerse algunos genes implicados, como el gen del receptor de
la vitamina D (VDR), el gen del colageno tipo | alfa | (COLIAI) y el
gen del receptor de estrogenos alfa (ESR1). Los factores genéticos
son considerados como uno de los factores mas importantes del
pico de masa 0sea del adulto, pudiendo contribuir entre un 50 -
80% en la variabilidad interindividual de la masa ésea. (Ralston et
al., 2006).

En la mujer, todas aquellas situaciones que se asocian con un
menor tiempo de exposicion a las hormonas sexuales, como la
menarquia tardia, la insuficiencia ovarica primaria y los
hipogonadismos estan asociadas a una mayor incidencia de
osteoporosis. Ademas, existen otros factores hormonales distintos a
la menopausia, entre los que incluiriamos al hipertiroidismo, el
hiperparatiroidismo y la diabetes mellitus tipo | que también estarian
incluidos como factores de riesgo de osteoporosis. Durante la



transicion de la menopausia acontece una disminucion progresiva
de la produccién de hormonas ovaricas dando lugar a un descenso
de la masa ésea. Cuanto mas precoz es la menopausia, mayor es
el riesgo y la pérdida es mas intensa cuando la privacién hormonal

se produce bruscamente (Presa et al., 2022).

La actividad fisica desempefia un importante papel en el desarrollo
y el mantenimiento de la masa Osea debido a que actua
aumentando la formacion y disminuyendo la resorcion ésea. El
sedentarismo, las estancias prolongadas en cama vy las
enfermedades que producen discapacidad del aparato locomotor,
se acompanan de una pérdida de masa dsea, en cambio las
personas que realizan ejercicio regularmente presentan una mayor
densidad 6sea (Guinot et al., 2005). Se debe recomendar a toda la
poblacion realizar ejercicio fisico regular, pero adaptandolo a la
edad y a las caracteristicas fisicas.

Una dieta con baja ingesta de calcio y la insuficiencia de vitamina D,
estdn asociadas a un mayor riesgo de osteoporosis por un aumento
del remodelado 6seo y una disminucién de la masa 6sea. Por lo
tanto, una dieta adecuada deberia aportar suficientes
requerimientos de calcio y vitamina D para mantener una densidad

mineral ptima.

El tabaco afecta negativamente a la masa ésea acelerando la
pérdida de hueso, observandose que las mujeres fumadoras tienen
menor masa Osea que las no fumadoras cuando llegan a la

menopausia. Fumar tiene un impacto significativo en la DMO y se



ha mostrado como un factor independiente de riesgo de
osteoporosis en mujeres postmenopausicas (Bijelic et al., 2017).

Otro habito téxico relacionado con el hueso es el alcohol. El
consumo elevado de alcohol estd asociado con un mayor riesgo de
fracturas osteoporéticas. Sin embargo, el efecto del consumo de
bajas dosis de alcohol en el hueso no esté tan claro, puesto que se
ha observado una mayor DMO en los consumidores moderados que

en los abstemios (Godos et al., 2022).

Las mujeres delgadas que presentan un IMC < 19 kg/m2, tienen un
mayor riesgo de osteoporosis y también un mayor riesgo para la
fractura. En parte por la menor produccién de estrogenos en el
tejido graso periférico, asi como un menor estimulo mecanico sobre
el esqueleto que ejerce un mayor peso. Como paradoja, se ha
observado que la obesidad puede ser factor de riesgo para algunas
fracturas periféricas, en concreto de humero y tercio distal de radio
(Riancho et al., 2022).

Diversos tratamientos favorecen la aparicién de osteoporosis, entre
ellos los corticoesteroides (>7,5 mg/dia de Prednisona o su
equivalente, aumenta x 5 el riesgo de fractura vertebral y x 2 el
riesgo de fractura de cadera), los inhibidores de la aromatasa, la
heparina, los inhibidores selectivos de la recaptacion de serotonina,
los inhibidores de la bomba de protones y los citostaticos, al
acelerar la pérdida de masa ésea (Riancho et al., 2022).



Conocer e identificar los distintos factores de riesgo y realizar una
adecuada asistencia a la mujer en las distintas etapas de su vida

constituyen los pilares basicos en la prevencion de la osteoporosis.

1.2.1 Implicaciones clinicas de la densidad mineral ésea

La osteoporosis se reconoce como "una enfermedad silenciosa"
porque se produce una pérdida lenta de la DMO a lo largo de los
anos sin ningun sintoma, hasta que de forma repentina se produce
una fractura debido a la fragilidad 6sea (Cosman et al., 2014).

La osteoporosis afecta globalmente a mas de 200 millones de
personas, con un elevado costo para los sistemas de salud (WHO.,
2007). Estudios epidemiolégicos estiman que una de cada dos
mujeres mayores de 50 afos, sufrira una fractura osteoporética a lo
largo de su vida. Se calcula que en Estados Unidos, la osteoporosis
es responsable de 1.5 millones de fracturas con un costo asociado
de 17.9 billones de ddlares por afo (Clynes et al., 2020).

Las fracturas osteoporoticas se producen por un traumatismo
menor, como una simple caida estando en bipedestacion. Suelen
aparecer después de los 50 anos (Compston., 2009). Las
localizaciones mas frecuentes son la columna vertebral, mufieca y
cadera. Las fracturas de los dedos, craneo y las de tobillo no suelen
incluirse como osteoporéticas (Seeman., 2002).

La fractura mas prevalente es la vertebral, de localizacién
preferente a nivel dorsal y presentandose como un dolor agudo en
la columna que se exacerba con el movimiento y disminuye con el
reposo, si bien dos tercios de las fracturas vertebrales son

asintomaticas.



La fractura del extremo distal de radio (fractura de Colles) suele
afectar tipicamente a mujeres. Constituye un marcador de
osteoporosis y se considera como un factor de riesgo para la
presentacion de futuras fracturas vertebrales o de cadera (Johnell et
al., 2006).

La fractura de cadera es la mas grave, precisando una intervencién
quirdrgica en la mayoria de los casos y ocasionando un gran
deterioro en la calidad de vida. La fractura de cadera presenta la
mayor tasa de mortalidad asociada a la osteoporosis, estimandose
entre un 20-30% durante el primer ano (Johnell et al., 2005). La
mayoria de fracturas de cadera produce discapacidad y sélo el 20%
de los pacientes son capaces de realizar una vida independiente al
ano postfractura (Johnell et al., 2006).

También habria que tener en cuenta el impacto psicoldgico y social
gue pueden acarrear las fracturas osteoporéticas. Tras una fractura,
se ha asociado con frecuencia la aparicion de depresidn, ansiedad,
miedo a nuevas fracturas y otros trastornos emocionales. Ademas,
los pacientes con fractura de cadera suelen presentar dependencia
fisica ocasionando grandes repercusiones familiares y sociales
(Papaioannou et al., 2009).






2. HIPOTESIS

La valoracion de los factores que influyen en la fuerza muscular de
agarre y la DMO (como son la edad, edad de menopausia, habito
tabaquico, indice de masa corporal (IMC), adiposidad, actividad
fisica, hormonas endbgenas y la homocisteina), permitiria identificar

la vulnerabilidad del estado de salud en la mujer postmenopausica.

La homocisteina se ha propuesto como un biomarcador de salud
Osea y fuerza muscular. La incorporacién de la determinacion de la
homocisteina en la mujer postmenopausica, podria ser una

herramienta recomendable y util en la consulta diaria.

3. OBJETIVOS

Objetivo 1.

Analizar la correlacién entre la fuerza muscular de agarre y la DMO
con factores asociados (edad, edad de menopausia, habito
tabaquico, IMC, adiposidad, actividad fisica y hormonas endégenas:

variables independientes) en mujeres potmenopausicas.

Obijetivo 2.

Analizar la correlacién entre los niveles séricos de homocisteina con
la fuerza muscular de agarre y la DMO en mujeres

postmenopausicas.






4. MATERIAL y METODOS

4.1 Evaluacion de la fuerza muscular

La fuerza muscular de agarre, medida con un dinamdémetro de
mano es una técnica simple y precisa para evaluar la fuerza
muscular, estando relacionada con la fuerza muscular en otras
partes del cuerpo. Por lo tanto, se considera una medida sustituta
de enfoques mas complicados, como la fuerza de brazos y piernas
(Cruz-Jentoft et al., 2019).

La medida de la fuerza muscular de agarre se evalia en la mano
dominante con un dinamometro digital Camry EH101 (Camry
Industries Co. Ltd, Kowloon, Hong Kong) calibrado en kg. Figura 1.

Figura 1. Dinamdmetro digital Camry EH101

Siguiendo el protocolo estandarizado propuesto por la American
Society of Hand Therapists (Fess.,1992), las mediciones se realizan
estando la sefnora sentada con el brazo contra el costado, el codo



doblado en un angulo de 90° y el antebrazo en una posicién neutral,

como se muestra en la Figura 2.

Figura 2. Postura para la medida de la fuerza de agarre de la mano

con dinamdmetro.

Después de demostrar como utilizar el dinamometro manual, se
invita a la sefora a apretar lo mas fuerte posible. Se realiza el
registro de dos mediciones y dado que la fuerza de prension puede
disminuir gradualmente cuando se repite, se usa el valor maximo

como indicador de la fuerza muscular de agarre.

Para nuestro trabajo, la dinapenia se defini6 cuando la fuerza
muscular de agarre de la mano dominante era <20 kg, segun el
punto de corte recomendado por el Consenso del Grupo de Trabajo
Europeo sobre Sarcopenia en Personas Mayores (EWGSOP)
(Cruz-Jentoft et al., 2010).



4.2 Evaluacion de la densidad mineral 6sea

La determinacién de la DMO mediante densitometria se usa
comunmente para diagnosticar la osteoporosis y para predecir el

riesgo de fractura individual.

La evaluacién de la DMO en nuestro centro de trabajo se realiza
mediante absorciometria de rayos X de energia dual utilizando el
densitometro Lunar iDXA (GE healthcare. Chicago, IL. EE. UU.).
Figura 4.

Figura 4. Densitometro Lunar iDXA

La DMO de la regién de interés en columna lumbar se realiza
analizando la DMO de L1 a L4, siendo evaluables todas las
vértebras, excluyendo del andlisis solo aquellas vértebras que estan
afectadas por cambios estructurales locales o artefactos (Figura 5).
En la regién de interés de cadera, se evalua el cuello femoral y
cadera total (Figura 6) (Zysset et al., 2015).
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En la evaluacion de la DMO, la mujer debe estar con una bata, sin

objetos metdlicos y

tumbarse en

la mesa acolchada del

densitdbmetro permaneciendo inmovil. Para evaluar la columna, las



piernas se apoyan en una caja acolchada para aplanar la pelvis y la
columna lumbar. Para evaluar la cadera, el pie se coloca en una

abrazadera que produce una rotacion interna de la cadera.

El control de calidad del densitometro se realiza mediante la
calibracion diaria de un estdandar de referencia o fantoma de
densidad conocida que simula las partes anatomicas medidas en
clinica (Shuhart et al., 2019). Las mediciones del fantoma mostraron
resultados estables durante el transcurso del estudio. Los
coeficientes de variacion de las mediciones densitométricas
oscilaron entre 0,23 % y 0,38 %. La evaluacién de la densidad
mineral 6sea se realizd utilizando Unicamente los datos crudos
generados por el densitbmetro. Los valores obtenidos se
expresaron en valores absolutos como gramos de contenido mineral

por centimetro cuadrado de area 6sea (g/cm?) y T-score.

La clasificacién operativa para el diagnéstico de la osteoporosis
propuesta por la Organizacién Mundial de la Salud (OMS) se basa
en el nimero de desviaciones estandar en que la DMO en columna
lumbar o cadera, varia con respecto a la media correspondiente a la

poblacion adulta joven de referencia (T-score).

De acuerdo con el sistema de clasificacion de la DMO de la OMS,
las mujeres se clasificaron sobre la base de la T-score mas baja de
la siguiente manera: DMO normal con una puntuacién T > -1
desviacion estandar (DE), osteopenia con puntuaciones T que
oscilan entre -1 DE a -2,5 DE, y osteoporosis con un T-score < -2,5
DE (WHO., 1994). Figura 7.
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Figura 7. Clasificacion de la DMO de la OMS. 1994

4.3 Factores analizados

4.3.1 Edad

La maxima fuerza muscular se alcanza entre la 22 y 32 décadas de
la vida. En las mujeres se observa que la pérdida de fuerza
muscular comienza alrededor de los 50 - 60 afos. A partir de esta
edad se estima que se produce una pérdida de fuerza muscular del
1,5 - 5% por ano (Goodpaster et al., 2006; Manini et al., 2012).
Como hemos comentado anteriormente el “pico de masa 6sea” se
alcanza, al igual que la maxima fuerza muscular, entre los 25 y los
30 anos, seguido de un periodo de estabilidad en la DMO y en la
mujer, posteriormente se produce una disminucion brusca durante
la menopausia y una pérdida lenta pero progresiva durante el resto
de anos de la vida (Seeman., 2002; Mora et al., 2003).



4.3.2 Edad de menopausia

La disminucién de estrégenos que ocurre durante la menopausia se
ha asociado con una peor funcion fisica. Estudios recientes
muestran que una menopausia temprana se asocia con peor fuerza
muscular de agarre, velocidad de la marcha y limitacion funcional
autoinformada (de Souza Macédo et al., 2021). Ademas, una edad
mas temprana en el inicio de la menopausia se ha asociado con un

mayor riesgo de presentar dinapenia (Garcia-Alfaro et al., 2019).

Respecto a la densidad mineral 6sea, se ha observado que cuanto
mas temprano en la vida ocurra la menopausia, menor serd la
densidad 6sea mas adelante en la vida. Asociandose la baja
densidad 6sea con una mayor tasa de fracturas (Gallagher., 2007).

4.3.3 Habito tabaquico

Fumar se ha asociado con un aumento del catabolismo de
proteinas, induce a la pérdida de masa muscular, reduce el
suministro de oxigeno y altera la funcién mitocondrial. Como
consecuencia, aumenta la fatiga muscular al comprometer la
capacidad del sistema muscular para obtener energia (Degens et
al., 2015).

El habito tabaquico actua inhibiendo el eje vitamina D - hormona
paratiroidea, acelerando la metabolizacién de los estrdgenos
endogenos y disminuyendo la produccion periférica de estrégenos
en el tejido adiposo, comportando un aumento del riesgo de
fracturas osteoporoéticas (Trevisan et al., 2020).



4.3.4 indice de masa corporal (IMC)

Aunque se sugiere que el sobrepeso o la obesidad pueden
aumentar el riesgo de deterioro funcional y discapacidad de
movilidad en adultos mayores (Mankowski et al., 2015), todavia
existen controversias a la hora de evaluar la relacion entre el IMC y
la fuerza muscular de agarre. Estudios previos han encontrado una
débil correlacidén entre el IMC y la fuerza de prension (Lopes et al.,
2018), contrastando con el resultado de otros estudios donde
informan que la fuerza muscular de agarre no esta relacionada con
el IMC (Kamarul et al., 2006).

Se ha estimado que el IMC podria explicar del 2 al 16% de la
variabilidad de la fuerza muscular (Leblanc et al., 2015) y un indice
de masa corporal < 19 kg/m?, representa un mayor riesgo de
osteoporosis y riesgo de fractura. Pero, como hemos comentado
anteriormente, la obesidad puede aumentar el riesgo de algunas
fracturas periféricas (Riancho et al., 2022).

En nuestro protocolo, el IMC se ha calculado como el peso en
kilogramos dividido por el cuadrado de la altura en metros (kg/m?),
después de pesar y medir a las participantes descalzas y vestidas
con una bata desechable. Segun los criterios de la OMS, el IMC se
clasific6 como bajo (<18.50 kg/m2), normal (18.50-24.99 kg/m2) y
alto, donde se incluia sobrepeso (25.0-29.99 kg/m2) y obesidad
(30.0 kg/m2) (WHO., 2002).



4.3.5 Adiposidad

Después de la menopausia, hay una disminucion en el porcentaje de
grasa total en las piernas y un aumento en las medidas de grasa
central por lo que seria indicativo de un cambio en la distribucion de la

masa grasa (Ambikairajah et al., 2019).

El exceso de tejido adiposo induce un estado proinflamatorio por la
accién de las citoquinas, entre ellas, el factor de necrosis tumoral
alfa y la interleucina-6. La elevacién de los niveles plasmaticos de
estas citoquinas se asocia con una menor fuerza y masa muscular y
con un impacto negativo en la calidad ésea (Bian et al., 2017;
Gkastaris et al., 2020).

La aplicacién de técnicas o medidas para determinar la composicién
corporal y la estimacion del porcentaje de grasa corporal estan
adquiriendo a nivel clinico, una importancia cada vez mas creciente.
Las principales técnicas de valoracion de la composicion corporal
serian, la absorciometria de rayos X de energia dual, la resonancia
magneética nuclear y el andlisis de impedancia bioeléctrica.

Para evaluar los cambios en la composicion corporal el analisis de
impedancia bioeléctrica (BIA) ha sido validado y es considerado
como una buena alternativa portatil a la densitometria (Gibson et al.,
2000). Ademas, esta ampliamente disponible, es rapido, econémico,
facil de realizar, facilmente reproducible y requiere un
entrenamiento minimo del operador, siendo apropiado para fines

epidemioldgicos y clinicos (Marra et al., 2019).



La adiposidad se ha evaluado mediante BIA usando el monitor
Omron BF 306 (Omrom Healthcare Co Ltd, Kioto, Japén) Figura 8.

Figura 8. Monitor Omron BF 306

El monitor mide la impedancia de brazo a brazo a lo largo de la
cintura escapular y el resultado obtenido es expresado como

porcentaje de grasa.

Tras introducir los datos de la edad, peso y altura en el monitor, el
protocolo utilizado para la evaluacién de la medicion se realizé en
posicién de pie, utilizando una bata desechable, con las piernas
separadas entre 30° a 45° y los brazos extendidos hacia adelante
en un angulo de 90° con respecto al tronco, sujetando el monitor

con ambas manos. Figura 9.



Figura 9. Posicidn para la medicién de la adiposidad con BIA.

4.3.6 Actividad fisica

La actividad fisica es otro factor que influye en la fuerza muscular y
en la masa ésea. Se ha observado que practicar una actividad fisica
de forma regular, explicaria del 1 al 3% de la variabilidad de la

fuerza muscular (Leblanc et al., 2015).

La actividad fisica estimula la sintesis de proteinas musculares y
tiene efectos beneficiosos sobre la masa muscular, la fuerza
muscular y el rendimiento fisico. También se ha demostrado que el
ejercicio fisico tiene efectos beneficiosos sobre la DMO, asi como



para retrasar la aparicion de la osteoporosis (Agostini et al., 2018).
Mantener el habito del ejercicio fisico regular durante la mediana
edad, esta asociado con una baja prevalencia de sarcopenia,
siendo eficaz para mantener la fuerza muscular y el rendimiento

fisico en la vejez (Akune et al., 2014).

Teniendo en cuenta estos hallazgos, la actividad fisica es una
variable de estilo de vida modificable que podria ser interesante en
la prevencion y el manejo de la disminucién de la fuerza muscular y
de la DMO, por lo que deberia fomentarse (Barbat-Artigas et al.,
2014).

Para unificar criterios empleados en la valoracién de la actividad
fisica se han elaborado una serie de estandares. Uno de los
instrumentos creados ha sido el Cuestionario Internacional de
Actividad Fisica IPAQ (International Physical Activity Questionnaire).
Se trata de un cuestionario estandarizado para estudios
poblacionales a nivel mundial, del cual se ha evaluado su validez y
fiabilidad (Craig et al., 2003).

La actividad fisica se ha evaluado utilizando la versién esparola del
formato corto del IPAQ (Anexo 1). El cuestionario incluye siete
items que aportan informacion sobre el numero de dias a la semana
y el tiempo que se pasa en actividades moderadas y actividades
vigorosas, caminando y sentado. Las categorias del nivel de
actividad fisica se clasifican en: bajo, moderado y alto (The IPAQ
group., 2016).



Anexo 1. CUESTIONARIO INTERNACIONAL DE ACTIVIDAD FiSICA

IPAQ: FORMATO CORTO

Piense en todas las actividades intensas que usted realizé en los dltimos 7 dias. Las actividades
fisicas intensas se refieren a aquellas que implican un esfuerzo fisico intenso y que lo hacen
respirar mucho mas intensamente que lo hormal. Piense solo en aquellas actividades fisicas que
realizé durante por lo menos 10 minutos seguidos.

1. Durante los dltimos 7 dias, ;en cuantos realizd actividades fisicas intensas tales como
levantar pesos pesados, cavar, hacer ejercicios aerobicos o andar rapido en bicicleta?

dias por semana
00 Ninguna actividad fisica intensa - Vaya a la pregunta 3

2. Habitualmente, ;cuanto tiempo en total dedicd a una actividad fisica intensa en uno de esos
dias?

horas por dia

minutos por dia

(] No sabemo esta seguro

[

Piense en todas las actividades moderadas que usted realizo en los ultimos 7 dias. Las actividades
moderadas son aquellas que requieren un esfuerzo fisico moderado que lo hace respirar algo mds
intensamente que lo normal. Piense solo en aquellas actividades fisicas que realizé durante por lo menos 10
minutos seguidos.

3. Durante los ultimos 7 dias, jen cuéntos dias hizo actividades fisicas moderadas como
transportar pesos livianos, andar en bicicleta a velocidad regular o jugar dobles de tenis? No
incluya caminar.

dias por semana

0 Ninguna actividad fisica moderada - Vaya a la pregunta 5



4. Habitualmente, cuanto tiempo en total dedico a una actividad fisica moderada en uno de esos
dias?

horas por dia
minutos por dia
O No sabe/No esta seguro
Piense en el tiempo que usted dedicé a caminar en los dltimos 7 dias. Esto incluye caminar en el
trabajo o en la casa, para trasladarse de un lugar a otro, o cualquier otra caminata que usted podria
hacer solamente para la recreacion, el deporte, el ejercicio o el ocio.
5. Durante los ultimos 7 dias, ;En cuantos caminé por lo menos 10 minutos seguidos?
dias por semana
O Ninguna caminata - Vaya a la pregunta 7
6. Habitualmente, ;cuanto tiempo en total dedicé a caminar en uno de esos dias?
horas por dia

minutos por dia

O No sabe/No esta seguro

La dltima pregunta es acerca del tiempo que pasé usted sentado durante los dias habiles de los
ultimos 7 dias. Esto incluye el tiempo dedicado al trabajo, en la casa, en una clase, y durante el
tiempo libre. Puede incluir el tiempo que pasé sentado ante un escritorio, visitando amigos, leyendo,
viajando en émnibus, o sentado o recostado mirando la television.
7. Durante los ultimos 7 dias ;cuanto tiempo pasé sentado durante un dia habil?

horas por dia

minutos por dia

J No sabe/No esta seguro



4.3.7 Hormonas endégenas

Ademas de la disminucion de la fuerza muscular y la DMO
relacionada con la edad, el estado hormonal esta involucrado en el

mantenimiento del sistema musculo esquelético.

La disminucion de la fuerza muscular ocurre a una edad mas
temprana en las mujeres en comparacién con los hombres y se
asocia en parte con la disminucidén progresiva de los niveles de
estrogenos durante la transicién menopausica (Rolland et al., 2007;
Cipriani et al., 2012). Sin embargo, existen estudios con resultados
divergentes en cuanto a la relacion entre los efectos de los
estrogenos sobre la fuerza muscular (Schapp et al.,, 2005;
Maddalozzo et al. 2004).

El efecto de los androgenos sobre la fuerza muscular en mujeres
postmenopausicas no esta bien aclarado. Al igual que el estradiol,
los niveles de testosterona disminuyen con la edad. Después de la
menopausia, la dehidroepiandrosterona (DHEA) se convierte en la
unica fuente para la sintesis de estrégenos y andrégenos. La DHEA
y su sulfato (DHEAS) son en si mismas inactivas, pero en los tejidos
periféricos se transforman en el interior de las células en pequefas

cantidades de estrogenos y andrégenos (Labrie., 2019).

Con el envejecimiento, hay algunos cambios en el ritmo circadiano
del cortisol. Se producen aumentos en los niveles de cortisol al final
del dia y al anochecer, con el pico de cortisol por la manana
temprano, una amplitud circadiana mas baja y patrones de
secrecién de cortisol mas irregulares (Veldhuis et al., 2013). Los



niveles elevados de cortisol estan asociados con atrofia y debilidad

muscular.

El factor de crecimiento insulinico 1(IGF-1) es una hormona
polipeptidica con efectos autocrinos, paracrinos y endocrinos que
juega un papel importante en la miogénesis esquelética y esta
asociada con el desarrollo de la masa y la fuerza muscular (Ahmad
et al., 2020).

La vitamina D es un secosteroide sintetizado en la piel a partir del 7-
deshidrocolesterol por efecto de los rayos ultravioleta de la luz solar.
La vitamina D esta implicada con la fuerza muscular y la DMO, pero
sus relaciones presentan resultados ambiguos. Los diferentes
resultados podrian estar relacionados con el umbral del nivel
plasmatico de vitamina D a partir del cual afecta la fuerza muscular
o la DMO (L6pez-Baena et al., 2020; Institute of Medicine., 2011).

Finalmente, comentar los efectos que la hormona paratiroidea
(PTH) puede ejercer a nivel muscular y Oseo. Los niveles
circulantes de PTH aumentan con la edad independientemente de
la funcion renal, los niveles plasmaticos de vitamina D, calcio y
fosforo. La PTH influye en el metabolismo de las proteinas del
musculo esquelético en modelos animales y aumenta la
concentracion de calcio intracelular alterando la funcion muscular
(Visser et al., 2003). A nivel 6seo, una PTH elevada provoca una
hiperestimulacion de los osteoclastos, con la consecuente reduccién

de la DMO y un aumento del riesgo de fracturas (Bruce et al., 1999).



4.3.8 Homocisteina

La homocisteina es un aminoacido sulfurado producido en el higado
por la transmetilacién de la metionina. Se degrada en cisteina a
través de la via irreversible de transulfuracion y en circunstancias
normales, alrededor del 50 % sigue la via de remetilacion para
regenerar metionina. Estas vias de reaccién requieren la presencia
de vitaminas B6, B12 y folato como cofactores. La deficiencia de
actividad enzimatica o de sus cofactores puede producir una
elevacién de los niveles plasmaticos de homocisteina (Kaye et al.,
2020). La homocisteina plasmatica aumenta significativamente con
la edad, existiendo diferencias de género al observarse que el
aumento es mayor en hombres que en mujeres (Chen et al., 2017).

La hiperhomocisteinemia se ha relacionado con un mayor riesgo de
desarrollar sindrome coronario agudo, accidente cerebrovascular y
mortalidad cardiovascular (Chrysant et al., 2018). Ademas, se ha
asociado con deterioro cognitivo, demencia y enfermedad de
Alzheimer (Ma et al., 2017).

Estudios recientes han mostrado una relacion entre los niveles de
homocisteina plasméatica con la fuerza muscular y la sarcopenia,
aunque con resultados controvertidos (van Schoor et al., 2012;
Swart et al., 2013; Vidoni et al., 2018; De Giuseppe et al., 2021).

También se ha observado que los niveles séricos de homocisteina
afectan la formacion de tejido 6seo a través de varios mecanismos.
La homocisteina reduce el flujo sanguineo 06seo, aumenta la

actividad de los osteoclastos y activa las metaloproteinasas de la



matriz 6sea (Tyagi et al., 2011; Koh et al., 2006; Vacek et al., 2013),
causado dafo oxidativo e interfiriendo con la formacion de enlaces
cruzados en el colageno (Saito et al.,, 2010). En consecuencia, la
homocisteina puede disminuir la mineralizacion ésea y reducir la
resistencia 0sea, aumentando el riesgo de fracturas (Fratoni et al.,
2015).

Dada la implicacion que tiene la homocisteina en diversas
enfermedades, se ha propuesto como un marcador del estado de
salud y se sugiere que la homocisteina es mas que un biomarcador
de enfermedades, es una guia para la prevencion de enfermedades
(Smith et al., 2021).
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Handgrip strength, dynapenia, and related factors in

postmenopausal women
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Abstract

Objective: This study aimed to evaluate the prevalence of dynapenia and factors related to low dominant
handgrip strength (HGS) in postmenopausal women.

Methods: A cross-sectional study was performed on 249 postmenopausal women aged 50 to 84 years. The
following variables were recorded: age, age at menopause, smoking status, and the HGS measured with a digital
dynamometer, body mass index, and adiposity assessed by bioelectric impedance. The physical activity level
was evaluated by using the International Physical Activity Questionnaire. Bone mineral density was reported as
T-scores, and blood biochemical parameters (calcium, phosphorus, vitamin D, and parathormone levels) were
measured.

Results: 31.3% of women had dynapenia, and those aged >65years had lower HGS (P <0.001). Age at
menopause was also associated with HGS, with those with menopause < 51 showing lower HGS (P =0.005).
Likewise, fat content > 40%, and osteopenia/osteoporosis were also related to lower strength (P < 0.001). There
was no statistically significant difference among HGS with respect to body mass index, smoking status, and plasma
levels of vitamin D. A logistic regression model with lower Akaine Information Criterion showed that for every year
in age and for each 1% of adiposity, women were more likely to have dynapenia with odd ratio (OR): 1.09; 95% and
confidence interval (CI): 1.04 to 1.14 and OR: 1.06; 95% CI: 1.00 to 1.13, respectively. Conversely, women with

higher femoral neck T-score were less likely to have dynapenia (OR: 0.53; 95% CI: 0.35-0.78).

Conclusions: HGS was associated with age at menopause, bone mineral density, and adiposity adjusted by age.
The age and adiposity were significantly associated with a higher risk of dynapenia, whereas women with higher
femoral neck T-score were less likely to have dynapenia.

Key Words: Adiposity — Age at menopause — Body mass index — Bone mineral density — Dynapenia —
Handgrip strength — Physical activity — Vitamin D.

uscle strength is an essential function of the human
body, being a relevant component of health and
physical fitness. It also refers to the ability of a
muscle or muscle group to exert force against a resistance.
Muscle strength is involved in many activities, daily tasks,
maintenance of functional independence, and autonomy. Thus,
regular physical activity adapted according to age is a preven-
tive recommendation for healthy aging.'” Dynapenia defines

the age-related loss of muscle strength, is the primary indicator
of sarcopenia, and is a prognostic indicator of functional
impairments in older adults.* Thus, it is very important to
maintain muscle strength to reduce functional limitations with
age. The grip strength is considered a biomarker of frailty, in
which there is an increase in an individual’s vulnerability for
developing dependency and/or mortality.>” In this context,
it is convenient to dissociate the muscle mass reduction
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DYNAPENIA IN POSTMENOPAUSAL WOMEN

(sarcopenia) from the concept of muscle strength reduction
(dynapenia).®

The pathophysiological mechanisms of muscle weakness
can be compartmentalized into two factors. First the
impairment of muscle system causes a deficit in the skeletal
muscle force production and second the nervous system
impairment that decreases the ability of voluntary muscle
activation. Subsequently, it produces functional limitations
and risk of physical disability.” Muscle-skeletal changes are
associated with aging, although other factors are involved in
maintaining muscle strength and mass, such as hormonal
profile, physical activity level, and nutritional status. So that
old age, postmenopausal women, low body mass index
(BMI), and low physical activity have been highly associated
with dynapenia.®'° Handgrip strength (HGS) measured with a
hand dynamometer is a simple and accurate technique to
assess muscle strength which is moderately related to muscu-
lar strength in other body sites. Therefore, it is considered a
surrogate measure of more complicated approaches, such as
arm and leg strength.!" The purpose of the current study was
to investigate the prevalence of dynapenia and investigate
factors associated with low HGS in postmenopausal women.

METHODS

Study design

This cross-sectional study was approved by the Center
Institutional Review Board and performed from March
2019 to March 2020, in women who had their periodic
gynecological check-up at the Department of Obstetrics
and Gynecology of the Dexeus Women’s University Hospital,
Barcelona, Spain. Women were excluded if (1) they had early
menopause (< 45y) or surgical menopause; (2) were using
menopausal hormonal treatment; or (3) had cardiovascular,
liver, or renal diseases, a history of cancer, or physical
disability. Finally, a group of 249 postmenopausal women
aged 50 to 84years, with at least 1 year of amenorrhea,
participated in the study. We assessed their HGS, BMI,
adiposity, bone mineral density (BMD), and physical activity.
Smoking status and age at menopause were collected in the
visit interview. The following blood biochemical laboratory
parameters were also collected: calcium, phosphorus, vitamin
D, and parathormone levels.

Muscle function assessment, body mass index, and
adiposity

Physical activity was studied with the Spanish version of
the short International Physical Activity Questionnaire. This
tool includes seven-items that provide information about the
number of days per week and the time spent in moderate and
vigorous activities, walking and sitting. Physical activity
categories were classified as low, moderate, and high levels.'?
Muscle strength was assessed by HGS measured with a digital
dynamometer Camry EH101 (Camry Industries Co. Ltd,
Kowloon, Hong Kong) calibrated in kg. The measurement
was carried out with the arm against the side and the elbow

bent to a 90° angle. The dominant hand was assessed twice
and the maximum value was recorded. For the current study,
dynapenia was diagnosed when the dominant hand force was
<20kg, according to the cut-off recommended by the Euro-
pea1}3Working Group on Sarcopenia in Older People Consen-
sus.

BMI was calculated as the weight in kilograms divided by
the square of the height in meters after weighing and measur-
ing participants without shoes and wearing a disposable gown.
According to WHO criteria,'* BMI categories were estab-
lished as low (<18.50kg/m?), normal (18.50-24.99 kg/m?),
and high that included both overweight (>25.0-29.99 kg/m?)
and obesity (>30.0 kg/m?).

Adiposity was assessed by bioelectrical impedance analysis
and expressed as a percentage of fat, using the Omron BF 306
monitor (Omrom healthcare Co Ltd, Kyoto, Japan) that
measures arm-to-arm impedance along the shoulder girdle.
The assessment was performed two times in the standing
position, with the legs 35° to 45° apart and the arms extended
forwards at a 90° angle with the trunk, using a disposable
gown. Using the mean of the whole sample two categories
were established: <40% fat and >40% fat.

Bone mineral density and biochemical parameters

BMD was measured by dual-energy x-ray absorptiometry
(DXA) using the Lunar iDXA system (GE Healthcare, Chi-
cago, IL). The measurements were carried out at the lumbar
spine (L1-L4), femoral neck, and total hip, and the values
were expressed as T-score. Following the WHO classification
system,'> based on their lowest T-score the women were
classified as normal BMD with a T-score > —1 standard
deviation (SD), osteopenia with a T-score between —1 SD
and —2.5 SD and osteoporosis with a T-score <—2.5 SD.

Blood samples were collected after an overnight fast. The
plasma levels of calcium, phosphorus, vitamin D, and para-
thormone were measured by an automated COBAS 8000
modular analyzer System (Roche Diagnostics, Pleasanton,
CA). The laboratory performs daily quality controls in accor-
dance with the International Organization for Standardization,
rule ISO 9001:2015 of each parameter. The results must be
less than +2 standard deviations with respect to the daily
control value. Vitamin D levels were categorized in: >30ng/
mL (sufficient) and <30ng/mL (hypovitaminosis D).'®

Statistical analysis

Continuous outcomes were calculated as mean and stan-
dard deviation whereas percentages and numbers were used
for categorical variables. Normal distribution was checked
with the Shapiro-Wilks test. The Student 7 test or ANOVA test
was used to compare average grip strength in categorical
parameters. Pearson correlation was used to estimate the
relation between numeric parameters with grip strength.
Partial correlation adjusted by age was also calculated. A
multivariable logistic regression model was constructed to
analyze possible predictors of dynapenia. After testing several
models, we chose the model that had a lower Akaike

Menopause, Vol. 29, No. 1, 2022 17

Copyright @ 2021 The North American Menopause Society. Unauthorized reproduction of this article is prohibited.



GARCIA-ALFARO ET AL

TABLE 1. Biochemical parameters reported as mean + standard

deviation
Estimate 95% confidence Reference
Parameters (n=249) Interval ranges
Vitamin D 33.7£11.8 32.2-35.2 30-100 ng/mL
Calcium 9.59+£0.35 9.5-9.6 8.7-10.4 mg/dL
Phosphorous 3.6+04 3.6-3.7 2.5-4.5 mg/dL
Parathormone 44.0+14.9 42.2-45.9 15-65 pg/mL

Information Criterion, taking into account associated factors:
age, adiposity and T-score femoral neck. Results are reported
as odds ratios (OR) and 95% confidence interval (95% CI).
All analyses were performed using the R software (R Core
Team, 2019). All the analyses were exploratory. No formal
sample size calculation was performed.

RESULTS

The sample included 249 postmenopausal women, with a
mean age of 62.7 6.9 years and a mean age at menopause of
50.1 2.7 years. The estimated average grip strength was
22.444.0kg, the whole BMI sample was 24.7 4 3.8 kg/m?,
and the total sample adiposity was 40.1 +5.3%. Mean of
BMD measurements in the lumbar spine, femoral neck, and
total hip were in the osteopenia ranges. The values of the
biochemical parameters vitamin D, calcium, phosphorus, and
parathormone were in the normal range (Table 1).

Table 2 displays the handgrip strength and related out-
comes. Women aged >65 years had significantly lower HGS
than those aged <65years (P <0.001), and there was a
significant association between age at menopause and HGS

(P=0.005). Women with age at menopause >51 years had
higher HGS values than those with age at menopause
<50years. There were no statistically significant differences
between HGS and smoking status (P=0.846) and BMI
categories (P=0.691). Regarding adiposity, women who
had > 40% fat showed a significant association with low
HSG (P <0.001). There were no differences between HGS
and vitamin D levels (P = 0.503). Women who performed low
physical activity had lower HGS than those with moderate-
high physical activity (P =0.027). We also found that women
with normal BMD had higher HGS than women with lumbar
spine osteopenia-osteoporosis (P < 0.001), femoral neck
(P <0.001), and total hip (P < 0.001). There were no signifi-
cant correlations between HGS with BMI and studied hor-
mone and biochemical parameters.

Table 3 shows Pearson correlation coefficients (r) between
HGS and covariates. HGS was correlated with age (r= —0.34,
P <0.001), age at menopause (r=0.13, P =0.035), adiposity
(r=-0.27, P<0.001), T-score lumbar spine (r=0.26,
P <0.001), T-score femoral neck (r=0.26, P < 0.001), and
T-score total hip (r=0.27, P <0.001) (Fig. 1). Partial corre-
lation adjusted by age has shown the same results.

Finally, a logistic regression analysis was fitted to estimate
muscle strength <20kg (dynapenia). Elderly women were
more likely to have dynapenia. For every year in age, risk
increased with OR of 1.09 (95% CI: 1.04-1.14). Likewise,
women with higher adiposity had higher risk of dynapenia.
For each 1% of adiposity, OR was 1.06 (95% CI: 1.00-1.13).
On the contrary, women with higher femoral neck T-score
were less likely to have dynapenia. OR of 0.53 (95% CI: 0.35-

TABLE 2. Differences between handgrip strength (mean £ standard deviation) with regards to general characteristics of studied women, and
vitamin D status

Parameters Categories n=249 HGS P value 95% CI (mean differences)
Age (y) <65 132 23.7+3.8 <0.001 [1.7; 3.7]
>65 117 21.0+3.8
Age at menopause (y) <51 156 21.9+3.8 0.005 [—2.6; —0.5]
>51 93 234443
Smoking Never 202 22.5+4.1 0.846 [—1.4; 1.2]
Smoker 47 223440
BMI (kg/m?) Low 4 221432 0.691 [—4.7; 3.5]
Normal 143 22.6+£4.0 Reference
High 102 222441 [—1.5; 0.6]
Adiposity (%) <40 109 237443 <0.001 [1.1;3.2]
>40 140 215435
Vitamin D (ng/mL) <30 106 222436 0.503 [—1.3;0.7]
>30 143 22.6+44
Physical activity Low 108 21.8+3.5 0.027 Reference
Moderate 132 228443 [—0.01; 2.1]
High 9 249453 [0.4; 5.9]
BMD Lumbar spine Normal 68 245437 <0.001 Reference
Osteopenia 116 21.6+4.1 [—4.1; —1.7]
Osteoporosis 65 21.7+3.6 [—4.2; —1.5]
BMD total hip Normal 103 23.6+£39 <0.001 Reference
Osteopenia 134 21.6+4.1 [—3.0; —0.9]
Osteoporosis 12 212422 [—4.9; —0.1]
BMD Femoral Neck Normal 83 239+3.6 <0.001 reference
Osteopenia 156 21.7+4.1 [-3.3; —1.1]
Osteoporosis 10 222431 [—4.4; 0.9]

BMD, bone mineral density; BMI, body mass index; CI, confidence interval; HSG, handgrip strength.
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TABLE 3. Pearson correlation analyses between handgrip strength and age, age at menopause, adiposity, and bone mineral density

(T-score)
Handgrip strength

Covariates r (Pearson correlation) P value Partial correlations P value
Age —0.340 <0.001 - -

Age at menopause 0.130 0.035 0.166 0.009
Body mass index 0.002 0.970 0.050 0.432
Adiposity —0.270 <0.001 —0.225 <0.001
Vitamin D 0.041 0.520 0.120 0.058
Calcium 0.110 0.075 0.124 0.051
Phosphorus 0.042 0.510 —0.005 0.941
Parathormone —0.010 0.870 0.025 0.699
T-score lumbar spine 0.260 <0.001 0.178 0.005
T-score femoral neck 0.260 <0.001 0.223 <0.001
T-score total hip 0.270 <0.001 0.205 0.001

Partial correlations with Pearson adjusted by age.

0.78) for each standard deviation. The prevalence of dyna- Factors more likely associated with a higher risk of dynapenia
penia in the study population was 31.3% (78/249). were age and adiposity, whereas women with higher femoral
neck T-score were less likely to have dynapenia.
DISCUSSION
We demonstrated in postmenopausal women aged 50 to ~ Dynapenia and sarcopenia
84 years that low HGS was correlated with age at menopause; Dynapenia is the age-associated loss of muscle strength not
adiposity (> 40% fat mass) and low BMD adjusted by age. caused by muscular or neurologic diseases, whereas the term
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sarcopenia refers to the gradual reduction of muscle mass.*®

Dynapenia might be considered an initial step of muscle
dysfunction prior to sarcopenia.'® Barbat-Artigas et al'’
reported that muscle strength is a better outcome of physical
capacity than skeletal muscle mass, and dynapenic women
have lower cardiorespiratory function than nondynapenic
women even if they have the same muscle mass. Women
begin the loss of muscle strength around the 5th and 6th
decades of age.'®!” We previously reported in a group of
young postmenopausal women (aged <65y), a weak but
significant inverse correlation between HGS and women’s
age.”” The present results showed that aging is related with the
loss of muscle strength and this loss progressively decreases
over the years. The aging process is associated with changes
in qualitative and quantitative muscle mass."** The loss of
muscle quality occurs by a progressive decrease in muscle
fiber type II, which plays an important role in anaerobic
metabolism, likely represents the mechanism that initiates
the declining muscle strength.”® However, age-related loss of
muscle strength is only partially explained by the changes in
muscle composition and reduction in muscle mass, therefore
other physiologic factors would be involved in explaining
muscle weakness in older adults,** including gonadal ageing
and reduction or lack of gonadal steroids*~® and loss or
dysfunction of motoneurons.?’

The progressive decline in estrogen levels that occurs
during the menopausal transition is also accompanied by
significant changes in body composition, loss of muscle
strength, and decreased BMD.'? Age at menopause has been
related with HGS and an earlier age at menopause onset has
been associated with an increased risk for presenting dyna-
penia.?’ Thus, menopause could be considered as a factor
directly related with muscle strength, regardless of age.”> The
current study revealed that HGS had a weak decline correlated
with age at menopause. Although it has been postulated that
ovarian hormones protect against age-related loss of muscle
strength in postmenopausal women, a meta-analysis suggests
that hormone therapy did not protect against age-related lean
body mass loss.”® In addition, the Canadian Longitudinal
Study on Aging study reported that postmenopausal women
who have never used hormone therapy have higher grip
strength compared with those who ever used such treatment.*’

Previous studies reported the prevalence of dynapenia is
within a range of 7.7% to 52.4%. The variations in prevalence
depend on the cut-off value, age, geographic location, and
ethnicity of the population under study.***! The prevalence of
dynapenia in our study population was observed to be 31.3%,
so it is within the middle range. In the present study, age and
adiposity were significantly associated with a higher risk of
dynapenia and interestingly, we found that women with a
higher femoral neck T-score were less likely to have dyna-
penia. There is likely a link between muscle strength and bone
strength. In postmenopausal women, regular walking has no
significant effect on spine BMD while it has a positive effect
on the femoral neck BMD.*? Furthermore, a recent meta-
analysis pointed out that low to moderate exercise is an

20 Menopause, Vol. 29, No. 1, 2022

osteogenic stimulus at the femoral neck.>* We can speculate
that postmenopausal women with higher handgrip strength
have, at the same time, some general benefit on femoral neck
BMD characteristics due to better muscle function.

In recent years, there has been a growing effort to identi-
fying risk factors contributing to female dynapenia, assessing
BMD,** vitamin D levels,>>-* cigarette smoking,37 bone
mineral metabolism,38 comorbidities, socioeconomic status,
and sociodemographic variables,****! with inconsistent results
in many of these factors. Smoking which has been associated
with increased protein catabolism, induces muscle wasting,
reduces oxygen delivery, and impairs mitochondrial function.
As a consequence, it increases muscle fatigue, since the ability
of the muscular system to obtain energy is compromised.*?
However, the relationship between smoking and muscle
strength is unclear. Previous studies have observed the asso-
ciation between smoking and sarcopenia®® or dynapenia,*
while other studies found no association.** In our study,
smoking was not associated with HGS. However, in the
Canadian Longitudinal Study on Aging cohort smoking
was associated with a higher grip strength.?’

Links between muscle mass and fat and bone mass

During the menopausal transition there are changes in body
composition and in the distribution of fat. The changes in fat
mass quantity were attributable predominantly to increasing
age and menopause would not have a significant additional
influence. After menopause, there is a decrease in the per-
centage of total fat in the legs and an increase in the measure-
ments of central fat; therefore, it would be indicative of a
change in the distribution of fat mass.*> To asses changes in
body composition bioelectrical impedance analysis has been
validated and it is considered as a good portable alternative to
DXA. Also, it is widely available, rapid, inexpensive, easy to
perform, readily reproducible and requires minimal operator
training, being appropriate for epidemiological and clinical
purposes.*®*’

Controversies still exist when it comes to assessing the
relationship between BMI and hand grip strength. Previous
studies have found a weak correlation between BMI and grip
strength®® contrasting with results of other studies which
reported that HGS was not related with BMIL.*’

Although assessment of BMI in our study showed that the
calculated mean BMI for all women was in the normal range,
up to 40.9% of them were overweight-obese, and we did not
find any correlation between BMI and handgrip strength. In
our study, we observed that 56.2% of women had greater
adiposity than the average and found a significant relation-
ship between HGS and adiposity. A plausible reason might be
the association between high fat mass content and poor
muscle quality. Some previous studies revealed that exces-
sive adipose tissue induces a proinflammatory state by the
action of cytokines (e.g., tumor necrosis factor-alpha and
interleukin-6) and higher plasma levels of cytokines are
associated with lower muscle strength, muscle function,
and muscle mass.>’
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Muscle strength and physical activity

Physical activity stimulates muscle protein synthesis and
has beneficial effects on muscle mass, muscle strength and
physical performance. Exercise has also shown beneficial
effects on BMD and to delay the onset of osteoporosis.”!
Exercise during middle age is associated with low prevalence
of sarcopenia and is effective in maintaining muscle strength
and physical performance in older age.>> The women in our
study who performed moderate-high physical activity had
greater HGS.

There are several studies with controversial results regarding
the relationship between HGS and BMD. Some studies have
reported a positive relationship between HGS and BMD,>*>*
while others have not observed any relationship in postmen-
opausal women.>**® The BMD analysis in our study revealed
that mean T-scores were in the range of osteopenia and
correlations were observed between HGS and the lumbar spine,
femoral neck, and total hip BMD. These results are consistent
with previous studies and reinforces the association between
handgrip strength and BMD.*#%34

Regarding bone mineral metabolism, some studies found
associations between better muscle strength and higher levels
of vitamin D, calcium, and phosphorous.38 In contrast, our
study showed no relationship between HGS with bone mineral
metabolism status, suggesting that the female phosphocalcic
endocrine regulation is adjusted to the aging process. The
presence of vitamin D receptors in skeletal muscle implies
that vitamin D may directly target this tissue. Vitamin D can
act on skeletal muscle through the proliferation and differen-
tiation of muscle cells, and also affecting skeletal muscle
contraction.””*® Optimal serum 25(OH) vitamin D levels
seem to be between 30 and 90 ng/mL (75-225 nmol/L), though
there is no international consensus.'® The effect of vitamin D
on muscle strength is not consistent. While some studies
reported that vitamin D status has a significant positive
correlation with HGS in postmenopausal women,>>° other
studies showed no significant differences.*®®® This may be
related to vitamin D which affects muscle strength only when
it is lower than a certain threshold. Muscle weakness or
fatigue is a complaint linked to hypovitaminosis D, especially
if serum levels are <15ng/mL.%" In our cohort, there weren’t
any women with extremely low levels of vitamin D.

Limitations and strengths

The present study has several strengths. First, it includes a
relatively large sample size of postmenopausal women. Sec-
ond, all BMD measurements were conducted with the same
densitometer with daily quality control of the scanner per-
formed by measurement of a phantom’s density. Third, the
biochemical determinations were measured in the same lab-
oratory with quality controls in place. However, our study has
also certain limitations, including its cross-sectional design
and the use of one single technique to assess muscle function.
Other measures to assess muscle strength would be necessary
to fully assess muscle function, including gait speed and the
study of diet protein content.®** Finally, we cannot omit that

the studied population is a convenience sample of women
with good general health.

CONCLUSIONS

The present study demonstrates that in postmenopausal
women, low HGS is associated with age at menopause,
low BMD (lumbar spine, femoral neck, and total hip), and
adiposity adjusted by age. In the current sample, 31.3% of
women had dynapenia. Both age and adiposity were signifi-
cantly associated with a higher risk of dynapenia, whereas a
higher femoral neck T-score was less likely to be associated
with dynapenia. Handgrip strength is a standard test to
evaluate muscle health status.** Therefore, the routine imple-
mentation of grip strength measurement can be recommended
for the study of changes in body composition and muscle
strength under different treatments or physical activity pro-
grams in health care services.
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Relationship between handgrip strength and endogenous
hormones in postmenopausal women

Pascual Garcia-Alfaro, MD," Sandra Garcia, BSc,” Ignacio Rodriguez, MSc,’ Luciana Bergamaschi, MD,’
and Faustino R. Pérez-Lopez, MD, PhD’

Abstract

Objectives: This study aimed to evaluate the endogenous hormonal factors related to dominant handgrip strength
(HGS) in postmenopausal women.

Methods: A cross-sectional study was performed on 402 postmenopausal women aged 47 to 83 years. The following
variables were recorded: age, age at menopause, smoking status, adiposity, HGS, and physical activity. Hormonal pa-
rameters (follicle-stimulating hormone, estradiol, testosterone, cortisol, dehydroepiandrosterone sulfate, A4 androstene-
dione, insulin-like growth factor-1 [IGF-1], vitamin D, and parathormone levels) were measured and results reported as
odds ratios (ORs),  coefficients and 95% confidence interval (95% CI). A directed acyclic graph was used to identify
potential confounding variables and was adjusted in the regression model to assess associations between endogenous
hormones and HGS.

Results: The mean dominant HGS was 22.8 + 3.7 kg, and 25.6% of women had dynapenia. There were significant
differences in plasma levels of follicle-stimulating hormone (OR, 0.99; 95% CI, 0.98-1.00), cortisol (OR, 1.07; 95% CI,
1.02-1.12), and dehydroepiandrosterone sulfate (OR, 0.99; 95% CI, 0.98-1.00) between women with normal HGS and
those who presented with dynapenia. After adjusting for confounding variables, no significant association was found

between endogenous hormones and HGS.

Conclusions: Our results showed that studied ovarian steroids, adrenal hormones, IGF-1, parathormone, and vitamin D

were not associated with HGS.

Key Words: Adiposity — Adrenal hormones — Dynapenia — Handgrip strength — Ovarian steroids — Physical activity —

Smoking — Vitamin D.

ging is associated with musculoskeletal changes, initially
with decreased functional muscle strength (dynapenia)
and, later, the loss of muscle strength is associated with
loss of muscle mass (sarcopenia). Thus, dynapenia would be the
previous step to sarcopenia.’ Muscle strength plays a relevant role
in overall functional status and particularly in daily activities,
maintenance of functional independence, and autonomy. To
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assess muscle strength, handgrip strength (HGS) is an easily,
noninvasive, and accurate technique that only requires no hand
disability.? HGS is currently considered an independent indicator
for the decline in cognition, disability, frailty, and mortality. Grip
strength in older adults has been recommended as a biomarker of
healthy aging.®

In addition to the age-related muscle strength decline, hor-
monal status is involved in maintaining skeletal muscle. The mus-
cle strength decline occurs at an earlier age in women compared
with men and is partly associated with the progressive decline in
estrogen levels during the menopausal transition.*> However, there
are studies with divergent results regarding the relationship be-
tween the effects of estrogens on muscle strength.®’” The meno-
pausal transition is also associated with decreased levels of tes-
tosterone, dehydroepiandrosterone sulfate (DHEAS), and insulin-like
growth factor-1 (IGF-1) that also interact with the intracellular
muscle pathway.® To assess HGS, other confounding factors
should also be taken into account, such as age, age at meno-
pause, adiposity, smoking status, and physical activity. We pre-
viously reported that age, age at menopause, adiposity (>40%
fat mass), and femoral neck T-score were associated with HGS
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or dynapenia in a cohort of postmenopausal women.’ The pur-
pose of the current study was to investigate the relationship be-
tween HGS with ovarian steroids, adrenal hormones, and other
hormonal factors in postmenopausal women.

METHODS

Study design

This cross-sectional study was approved by the institutional
review board and the Hospital Ethics Committee. It was per-
formed from January 2021 to December 2021 at the Department
of Obstetrics and Gynecology of the Dexeus Women's Univer-
sity Hospital, Barcelona, Spain. Women were excluded if (i)
they had an early spontaneous (<45 y) or surgical menopause;
(i) were using menopausal hormonal treatment; or (iii) had car-
diovascular, liver, or renal diseases, a history of cancer, or phys-
ical disability. Finally, a group of 402 postmenopausal women
aged 47 to 83 years participated in the study.

HGS and laboratory parameters

HGS measure was assessed in the dominant hand with a digital
dynamometer Camry EH101 (Camry Industries Co. Ltd, Kowloon,
Hong Kong) calibrated in kg. After demonstrating how to use the
handgrip dynamometer, following the standardized method pro-
posed by the American Society of Hand Therapists.'® Measure-
ments were carried out sitting with the arm against the side, the
elbow bent to a 90° angle, and the forearm in a neutral position.
Two measurements were recorded and since the HGS may grad-
ually decreases when repeated, the maximum value was used as
the indicator for HGS. For the current study, dynapenia was de-
fined when the hand force was <20 kg, according to the cutoff
recommended by the European Working Group on Sarcopenia
in Older People (EWGSOP) Consensus.'

Blood samples were collected after an overnight fast. Hormonal
parameters (follicle-stimulating hormone [FSH], estradiol, testos-
terone, cortisol, DHEAS, A4 androstenedione, IGF-1, vitamin D,
and parathormone [PTH] plasma levels) were determined by
electrochemiluminescence immunoassay using Roche Elecsys
reagents and measured by an automated COBAS 8,000 modular
analyzer System (Roche Diagnostics. Pleasanton, CA). The labo-
ratory performs daily quality controls of each parameter accord-
ing to the International Organization for Standardization, ISO
9001:2015 standard. In the quality control the results must be less
than +2 standard deviations with respect to the daily control
value. Coefficients of variation were different depending on the
studied hormonal parameter. FSH and testosterone ranged from
1.3% to 1.8%, estradiol ranged from 1.2% to 1.9%, cortisol ranged
from 1.6% to 1.7%, DHEAS ranged from 1.5% to 2.3%, A4 andro-
stenedione ranged from 1.8% to 2.1%, IGF-1 ranged from 1% to
1.6%, vitamin D ranged from 2.3% to 3% and PTH ranged from
1.4% to 1.7%.

Potential confounders

Age at menopause, adiposity, current smoking status, and phys-
ical activity were recorded. Adiposity was assessed by bioelectrical
impedance analysis equipment Omron BF 306 monitor (Omrom
healthcare Co. Ltd, Kyoto, Japan). Details of the women were
entered into the equipment program, including age, height,

12 Menopause, Vol. 30, No. 1, 2023

weight, and sex. Subsequently, the bioelectrical impedance analysis
assessment was performed two times in the standing position, with
the legs 35° to 45° apart and the arms extended forwards at a 90°
angle to the trunk, using a disposable gown. The results were
expressed as a percentage of fat. Information on smoking status
was recorded and classified as never or smoker. The physical activ-
ity was assessed using the Spanish version of the short Interna-
tional Physical Activity Questionnaire. This tool includes seven
items that provides information about the average number of days
per week, and the average time per day that women spent in mod-
erate and vigorous activities, walking and sitting. With the final
score obtained, physical activity was classified as low, moderate,
and high level.'?

Covariate assessment

A directed acyclic graph (DAG)'? was used to select potential
confounding factors adjusted in our analysis. A DAG with endog-
enous hormones as the main exposure and HGS as the outcome
were generated to determine confounding variables. Based on
available literature and data collected, age, age at menopause, adi-
posity, smoking status (never vs smoker), and physical activity
(high/moderate vs low) were included as potential confounding
in the DAG. According to the minimal sufficiency set of adjust-
ments, all of these variables were identified as confounders Follow-
ing the DAG, age, age at menopause, adiposity, smoking status and
physical activity were considered in the regression model to assess
associations between endogenous hormones and HGS (Fig. 1).

Statistical analysis

Continuous variables were shown as mean and standard devi-
ation whereas percentages and numbers were used for categori-
cal variables. The Student's ¢ test and X test were applied to
compare continuous and categorical outcomes between women
with normal HGS and women with dynapenia. Pearson correla-
tion was used to estimate the relation between numeric parame-
ters with grip strength. A partial correlation adjusted by age was
also calculated and results were reported as odds ratios (OR) and
95% confidence interval (95% CI). Finally, a multivariable lin-
ear regression analysis, adjusting for potential confounders
identified by DAG, was modeled to determine the relationship
between endogenous hormones and HGS. Results are reported
as [3 coefficients ([3) and 95% CI. All analyses were performed
using the R software (R Core Team, 2019). The R package “dagitty”
was used."* All the analyses were exploratory. No formal a priori
sample size calculation was performed.

RESULTS

The sample included 402 postmenopausal women, with a mean
age of 629 £ 6.6 years and a mean age at menopause of
502 + 2.8 years. The estimated average grip strength was
22.8 + 3.7 kg, and the total sample adiposity was 40.3% =+ 5.2%.
The values of the clinical and hormonal parameters are reported in
Table 1. Regular physical activity and current smoking habits were
reported in 61.9% (249/402) and 19.4% (78/402) of the sample,
respectively.

The results of the Pearson correlation coefficients (r) between
HGS and covariates are presented in Table 2. We observed a
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S
AQe Al MENOpaUse

Physical actmity

FIG. 1. Directed acyclic graph to distinguish the appropriate set of confounders for estimating our effect of interest. Arrows depict direct effects between
variables, whereas the absence of an arrow between two variables represents the assumption of no such direct effect. HGS, handgrip strength.

positive correlation between HGS with plasma DHEAS levels
(r=0.16, P=0.001). There were no significant correlations between
HGS and other covariates (Fig. 2). After partial correlation adjusted
by age the correlation with plasma DHEAS levels was not shown,
and the other covariates remained not significantly correlated.
The overall prevalence of dynapenia was 25.6% (103/402).
When the differences between women with normal HGS were
compared with those who presented dynapenia, there were sig-
nificant differences in plasma FSH levels with an OR of 0.99

(95% CI, 0.98-1.00), cortisol levels with an OR of 1.07 (95%
CL, 1.02-1.12) and DHEAS levels with an OR of 0.99 (95%
CI, 0.98-1.00). There were no significant differences among
the remaining parameters displayed in Table 3. In women 65 years
or younger, 16.8% had dynapenia (44/262) and for women older
than 65 years, the prevalence of dynapenia was 42.1% (59/140)
with an OR of 3.59 (95% CI, 2.26-5.76; P < 0.001). Finally, a
multivariable linear regression analysis was used to determine
the relationship between endogenous hormones and HGS. After

TABLE 1. Clinical and hormonal parameters reported as mean + standard deviation

Parameters Estimate (n = 402) 95% CI Reference ranges
Age 62.9+6.6 62.2-63.5

Age at menopause 502+2.8 49.9-50.5

Body mass index 24.7+3.8 24.3-25.1

Adiposity 403 +5.2 39.8-40.8

FSH 78.1+£254 75.6-80.5 40-116 mU/mL
Estradiol 11.6 £6.7 10.9-12.2 5-37 pg/mL
Testosterone 03+0.2 0.30-0.35 0.02-0.40 ng/mL
Cortisol 14.1+£49 13.6-14.6 4.3-22.4 png/dL
DHEAS 83 +53.1 77.8-88.2 35-430 pg/dL
Adandrostenedione 0.9+0.7 0.79-0.92 0.49-1.31 ng/mL
IGF-1 126 +41.3 122-130 44-241 ng/mL
Vitamin D 31.8+9.6 30.9-32.7 30-100 ng/mL
Parathormone 422+154 40.7-43.7 15-65 pg/mL

95% CI, 95% confidence interval; DHEAS, dehydroepiandrosterone sulfate; FSH, follicle-stimulating hormone; IGF-1, insulin-like growth factor 1.
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TABLE 2. Pearson correlation analyses between HGS and hormonal

parameters
HGS

Covariates (n =402) r (Pearson correlation) P Partial correlations P

FSH 0.07 0.168 —0.01 0.911
Estradiol —0.05 0.301 —0.05 0.325
Testosterone 0.05 0.302 0.04 0.387
Cortisol —0.09 0.083 —0.05 0.326
DHEAS 0.16 0.001 0.06 0.248
Adandrostenedione 0.04 0.394 0.01 0.773
IGF-1 0.09 0.088 0.01 0.860
Vitamin D —0.05 0.299 —0.04 0.470
Parathormona —-0.04 0.404 —0.02 0.690

Partial correlations with Pearson adjusted by age.
DHEAS, dehydroepiandrosterone sulfate; FSH, follicle-stimulating hormone;
HGS, handgrip strength; IGF-1, insulin-like growth factor 1.

adjusting for confounder variables, no significant association was
found between endogenous hormones and HGS (Table 4).

DISCUSSION

This cross-sectional study of postmenopausal women found
no evidence supporting relationships between studied endogenous
hormones with HGS.

Human aging is associated with diminished musculoskeletal
function related to muscle mass decline in both men and women,
reduction of muscle strength, higher fatigability, '>'® and adipos-
ity.” The loss of muscle strength begins around the fifth and sixth
decades of age and appears concurrent with the onset of meno-
pause, suggesting that estrogen levels can play a relevant role in
muscle strength.> However, hormone therapy does not increase
or maintain muscle mass or strength during the initial years of men-
opause.’ Furthermore, a meta-analysis of randomized clinical trials

reported that there is not a significant beneficial or detrimental link
between hormone therapy and muscle mass.!” Thus, the associa-
tion between estrogen levels and muscle strength in postmeno-
pausal women is ambiguous, probably due to the different ages
and study methods, and to the simplification of the involved endo-
crine factors. Some studies report a relationship between estrogen
and muscle strength™> while other studies found no consistent rela-
tion.” Rolland et al* evaluated the percentage of loss per year of
isometric knee extensor strength in young postmenopausal women,
showing that the loss of muscle strength positively correlated with
estrone and PTH. Cipriani et al’ evaluated the isometric grip
strength of the upper dominant limb with age and hormonal status,
showing that both age and menopause significantly contribute to
the loss of grip strength. Schaap et al® reported that low levels of
estradiol and testosterone were associated with low muscle strength
in men, but not in women. In our cohort, the association between
estradiol and HGS was not significant, although we interestingly
found that higher FSH plasma levels were significantly associated
in women with dynapenia, expressing the secondary adjustment of
the global hypoestrogenism of postmenopause.

In the same way as estradiol, testosterone decreases with age,
starting in perimenopause, and does not differ due to natural
menopause.'® Testosterone levels are related to skeletal muscle
mass. However, few studies have evaluated the relationship be-
tween testosterone and muscle strength in postmenopausal
women. Van Geel et al'® reported that bioavailable testosterone
level was associated with lean body mass and maximum quadri-
ceps extension strength. Recently Kong et al*® reported that low
free testosterone levels and DHEAS were related to weak muscle
strength independent of muscle mass. Our cohort was composed
only of Spanish White women, and there was no significant
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FIG. 2. Pearson correlations between dominant HGS and hormonal parameters. DHEAS, dehydroepiandrosterone sulfate; FSH, follicle-stimulating hormone;

HGS, handgrip strength; IGF-1, insulin-like growth factor 1.
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TABLE 3. Mean comparison between hormonal parameters in women with normal HGS (HGS 2 20) and dynapenia (HGS <20), OR, 95% Cls,
and P values

Covariates (n = 402) HGS 2 20 kg (n = 299) HGS <20 kg (n = 103) OR [95% CI] P

FSH 79.7 £ 26 733 +23.1 0.99 [0.98-1.00] 0.019
Estradiol 115=67 119467 1.01 [0.98-1.04] 0.602
Testosterone 033 +0.23 0.32+02 0.79 [0.28-2.21] 0.625
Cortisol 13.7 £4.73 153+5.19 1.07 [1.02-1.12] 0.005
DHEAS 87 + 56 713418 0.99 [0.99-1.00] 0.003
Adandrostenedione 0.87 + 0.67 0.82 +0.62 0.87 [0.61-1.25] 0.442
IGF-1 127 +41.4 123 +412 1.00 [0.99-1.00] 0335
Vitamin D 31.7+9.55 324961 1.00 [0.98-1.03] 0.806
Parathormona 417+ 148 435+169 1.01 [0.99-1.02] 0338

95% CI, 95% confidence interval; DHEAS, dehydroepiandrosterone sulfate; FSH, follicle-stimulating hormone; HGS, handgrip strength; IGF-1, insulin-like growth

factor 1; OR, odds ratio.

association between testosterone and HGS, even after partial cor-
relation adjusted by age.

With aging, there are some changes in the cortisol circadian
rhythm with late-day and evening increases in cortisol levels,
earlier morning cortisol levels peak, lower circadian amplitude,
and more irregular cortisol secretion patterns.?! Also, aging is
associated with higher muscle cortisol generation by local 113
hydroxysteroid dehydrogenase which transforms inactive corti-
sone into active cortisol.>? The increased cortisol levels are asso-
ciated with muscle atrophy and weakness. Different results be-
tween muscle strength and cortisol levels may be due to different
techniques of cortisol measurement. Plasma cortisol levels are
more sensitive to fluctuations than salivary cortisol levels. Peeters
et al*> showed no relationship between plasma cortisol levels and
loss of grip strength, although they found that high salivary corti-
sol levels are associated with an increased risk of reduced grip
strength. Bochud et al** report a positive association between uri-
nary cortisol metabolites to muscle mass and strength in the upper
limbs in younger adults but not in the elderly. Although women
with dynapenia had higher plasma cortisol levels, our multivar-
iable analysis did not show a significant association between
cortisol levels and HGS.

After menopause, with the decrease in estrogen levels, DHEA
becomes the sole source for estrogen and androgen synthesis.
DHEA and its sulfate (DHEAS) gradually decrease with age,

TABLE 4. Multivariable linear regression model to analyze the
relationship between endogenous hormones and HGS (kg) adjusting
for age, age at menopause, adiposity, smoking status, and physical

activity
HGS
B 95%CI
FSH —-0.00 —=0.01 to 0.01
Estradiol -0.02 —0.07 to 0.03
Testosterone 0.62 —1.06 to 2.30
Cortisol -0.05 —0.12 to 0.03
DHEAS 0.00 —-0.01 to 0.01
Adandrostenedione -0.03 —0.64 to 0.58
IGF-1 —-0.00 —-0.01 to 0.01
Vitamin D —0.01 —0.05 to 0.02
Parathormona —0.00 —0.02 to 0.02

Adjusted R* = 0.15

95% CI, 95% confidence interval; DHEAS, dehydroepiandrosterone sulfate; FSH,
follicle-stimulating hormone; HGS, handgrip strength; IGF-1, insulin-like growth
factor 1.

and at the menopause onset, DHEA has already reduced by an
average of 60%. DHEA and DHEAS are themselves inactive,
but are present in peripheral tissues and are transformed inside
the cells in small amounts of estrogens and androgens.>* Higher
plasma DHEAS levels are associated with psychological
wellbeing and physical functioning, including muscle strength.
Low plasma DHEAS levels are associated with the develop-
ment of cardiovascular disease and mortality.?® In postmeno-
pausal women, low plasma DHEAS and free testosterone
are associated with weak muscle strength.?® Our results
showed that DHEAS levels are correlated with HGS but this
correlation is lost after adjusting by age. A4 androstenedione
is a steroid hormone related to hyperandrogenic conditions, such
as polycystic ovary syndrome, even though its relationship to
HGS in postmenopausal women it has not been studied.?” The
current study did not observe any correlation between A4 andro-
stenedione and HGS.

IGF-1 is a polypeptide hormone with autocrine, paracrine,
and endocrine effects that play an important role in skeletal
myogenesis, and it is associated with muscle mass and strength
development.?® Plasma IGF-1 levels decreased with aging in both
men and women.?’ However, the role of IGF-1 in age-related
muscle strength loss is still unclear. Gender is a confounding
factor in the association between IGF-1 and muscle strength.
Taekema et al*® found a significant relationship between IGF-1
levels and muscle strength in women but not in men, suggesting
a gender-specific influence of IGF-1 on muscle strength. The
Cappola et al study®' showed, after adjustment for age, a signifi-
cant association between IGF-1 and knee extensor strength, but
not anthropometry or other strength measures. They also found
a significant correlation between plasma IGF-1 levels and muscle
strength, but only below the IGF-1 threshold limit of 50 pg/L. In
our studied population, the mean plasma IGF-1 was above this
limit, and after correction for confounder variables, we found
that IGF-1 plasma levels were not associated with HGS.

Vitamin D plays an important role in preserving muscle func-
tion. Nevertheless, the relationship between vitamin D levels
and HGS showed conflicting data. Some previous studies re-
ported that low vitamin D levels are related to lower HGS in
postmenopausal women,** and others showed no significant as-
sociation.*® These results may be due to different age ranges in the
populations examined and different baseline serum vitamin D
levels. In addition, Lopez-Baena et al** report that vitamin D
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affects muscle strength only when it is lower than a certain
threshold. Muscle weakness is linked to vitamin D deficiency,
especially if serum levels are less than 15 ng/mL, and the vitamin D
supplementation in women who do not have vitamin D deficiency
would not obtain significant benefit. Our study showed no associ-
ation between HGS and vitamin D. However, in our cohort, there
were no women with extremely low levels of vitamin D and this
fact may be a possible explanation for our finding.

Circulating PTH levels increase with age regardless of renal
function and plasma vitamin D, calcium, and phosphorus levels.
PTH influences skeletal muscle protein metabolism in animal
models and increases intracellular calcium concentration disrupting
muscle function.*® Some studies have examined the relationship
between PTH and muscle mass or muscle strength with incon-
sistent results, some studies found a statistically significant as-
sociation,*® whereas others found no association.” We have not
observed an association between PTH and HGS.

Dynapenia is the age-related reduction of skeletal muscle
strength that has been considered an independent factor of mortal-
ity.*® Our current results suggest that studied hormones have no
relevant roles in changes in HGS and dynapenia risk in otherwise
healthy postmenopausal women. Other factors may be involved in
those findings displayed in the studied population. Skeletal mus-
cles are an endocrine organ and source of proteins (myokines)
which function as autocrine, paracrine, or endocrine agents to
maintain energy homeostasis and are protective of the physical ac-
tivity of skeletal muscles. Myokines may be also involved in body
weight composition, subclinical inflammation, and muscle insulin
sensitivity.>* Physical activity can induce the release of muscle
myokines into the circulation to improve glucose metabolism,
muscle proteins, and liver fat metabolism.***! Future studies are
needed to have evidence about myokines and dynapenia.

On the other hand, adiposity and intramuscular fat accumula-
tion are linked to mitochondrial damage and increased proin-
flammatory cytokines that induce muscle dysfunction.** There-
fore, subclinical chronic inflammation may also play a role in
HGS reduction and sarcopenia risk.** Future research directions
should analyze those factors to assess the reduction of HGS and
the risk of dynapenia in postmenopausal women.

Limitations and strengths

The present study has certain limitations, including its
cross-sectional design, and the longitudinal effect of the studied
hormones on muscle strength could not be elucidated. How-
ever, it has several strengths. First, it includes a large sample
size of postmenopausal women. Second, the biochemical deter-
minations were measured in the same laboratory with quality con-
trols in place. Third, to identify confounding variables we used
DAG and a careful adjustment for confounders were carried out
in the regression model.

CONCLUSIONS
The present study reports that in postmenopausal women aged
47 to 83 years, our multivariable analysis adjusted for confounder
variables did not find a significant association between studied
endogenous hormones and HGS. The overall prevalence of

16 Menopause, Vol. 30, No. 1, 2023

dynapenia was 25.6%. Because of the clinical implications of
dynapenia, further studies are needed to determine specific fac-
tors to assess the HGS reduction, and the risk of dynapenia in
postmenopausal women.
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ABSTRACT

Objective: This study evaluated handgrip strength (HGS), circulating homocysteine levels and related
factors in postmenopausal women.

Methods: This study is a sub-analysis of a prospective cohort of 303 postmenopausal women aged
62.7+6.9years who had HGS measures with a digital dynamometer as the primary outcome, and
plasma homocysteine and creatinine levels and glomerular filtration rate (GFR) measures as the sec-
ondary outcomes.

Results: The average HGS was 22.5 +4.0kg, 29.4% of women had dynapenia (HGS < 20kg), adiposity
was 40.3+5.4% and 9.57% of women had hyperhomocysteinemia (homocysteine >15 pumol/l). There
were no differences between tertiles of homocysteine and HGS (p=0.641). Plasma homocysteine lev-
els were unrelated to HGS (r=—0.06) and correlated with age (r=0.17), GFR (r=—0.28) and creatinine
(r=0.23). Hyperhomocysteinemia was not associated with HGS (odds ratio [OR]=0.98 [95% confi-
dence interval (Cl): 0.89; 1.08]) or dynapenia (OR = 1.10 [95% Cl: 0.45; 2.47]). The risk of presenting
low HGS were not significantly associated with homocysteine (OR= —0.08 [95% Cl: —0.21; 0.06]) and
were associated with age (OR=—0.23 [95% Cl: —0.29; —0.17]), adiposity (OR=—6.52 [95% Cl: —9.53;
—3.50]) and creatinine (OR = 6.22 [95% Cl: 2.48; 9.97]).

Conclusions: HGS and dynapenia were unrelated to hyperhomocysteinemia. Age, GFR and creatinine
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were significantly associated with plasma homocysteine levels.

Introduction

Homocysteine is a non-essential sulfur-containing amino acid
produced in the liver by the transmethylation of methionine.
It is degraded into cysteine through the irreversible trans-sul-
furation pathway, and under normal circumstances, some
50% follow the re-methylation pathway to regenerate
methionine. These reaction pathways require the presence of
vitamin B6, vitamin B12 and folate as cofactors [1,2]. Plasma
homocysteine increases significantly with age and there are
gender differences, levels being higher in men than in
women [3]. Also, there are lifestyle factors, like smoking and
physical inactivity, that may influence their levels [4]; ele-
vated homocysteine levels are associated with oxidative
stress, endothelium dysfunction, smooth muscle cell prolifer-
ation, reduced Von Willebrand factor and increased fibrino-
gen levels [5]. Hyperhomocysteinemia has been related to a
greater risk for developing acute coronary syndrome, stroke
and cardiovascular mortality [6]. Also, it has been associated
with cognitive impairment, dementia and Alzheimer’s disease
[7], increased bone fragility [8] and bone fractures [9]. Other
factors associated with hyperhomocysteinemia are chronic
kidney disease and the effect of medications such as isonia-
zid, cyclosporine, methotrexate, phenytoin and theophylline
[1]. Recent studies have reported the relationship between
plasma homocysteine levels and muscle strength and

sarcopenia, although with controversial results [10-13].
Differences in results between studies might be due to the
use of different cut-off values of muscle strength and homo-
cysteine, and the ages of studied populations.

We previously reported the relationship between homo-
cysteine and bone mineral density [14] and general results
related to handgrip strength (HGS) or dynapenia [15] in a
cohort of postmenopausal women. The purpose of this sub-
analysis is to assess the relationship between HGS with
plasma homocysteine, glomerular filtration, creatinine and
related factors in postmenopausal women.

Materials and methods
Study design

This cross-sectional study was approved by the Institutional
Review Board and the Hospital Ethics Committee. It was per-
formed from May 2020 to May 2021 at the Department of
Obstetrics and Gynecology of the Dexeus Women'’s
University Hospital, Barcelona, Spain. This sub-analysis exam-
ine the impact of hyperhomocysteinemia on the risk of dyna-
penia as measured by HGS. Inclusion criteria were
spontaneous postmenopausal women with amenorrhea of 1
year or more before the initiation of the study, and no phys-
ical disability. Women were excluded if they had an early
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(age <45years) or surgical menopause; were using meno-
pausal hormonal treatment or other known treatments influ-
encing the levels of homocysteine (folates and vitamin B12
supplements, isoniazid, cyclosporine, methotrexate, pheny-
toin, theophylline, carbamazepine, nicotinic acid and fibric
acid derivates); or had cardiovascular, liver or renal diseases,
cancer or physical disability. Finally, 303 postmenopausal
women aged 50-84 years participated in the study.

Anthropometry, physical activity and muscle strength
measurements

Body mass index (BMI) was calculated as the weight in kilo-
grams divided by the square of the height in meters after
weighing and measuring participants without shoes and
wearing a disposable gown. Adiposity was assessed by bio-
electrical impedance analysis equipment (Omron BF 306
monitor; Omrom Healthcare Co. Ltd, Japan). The assessment
was performed two times in the standing position, with the
legs 35°-45° apart and the arms extended forwards at a 90°
angle concerning the trunk. The results were expressed as a
percentage of fat.

The physical activity was assessed using the Spanish ver-
sion of the short |International Physical Activity
Questionnaire. This tool includes seven items that provide
information about the average number of days per week
and the average time per day that subjects spent in moder-
ate and vigorous activities, walking and sitting. With the final
score, the physical activity was classified as low, moderate or
high [16]. The muscle strength was assessed by HGS meas-
ured with a digital dynamometer (Camry EH101; Camry
Industries Co. Ltd, Hong Kong) calibrated in kilograms. The
measurement was carried out with the woman seated, with
the arm against the side and the elbow bent to a 90° angle.
The women performed two trials with the dominant hand
and the maximum value was recorded [17]. According to the
cut-off recommended by the European Working Group on
Sarcopenia in Older People (EWGSOP) Consensus, dynapenia
was diagnosed when the dominant hand force was
<20kg [18].

Laboratory parameters

Blood samples were collected after an overnight fast. The
mean corpuscular volume (MCV), glomerular filtration rate
(GFR), plasma homocysteine, creatinine and vitamin D were
measured by an automated COBAS® 8000 modular analyzer
System (Roche Diagnostics. Pleasanton, CA, USA). The labora-
tory performs daily quality controls following the
International Organization for Standardization ISO 9001:2015
standard for each parameter. The results must be less than
+2 standard deviations concerning the daily control value.
The GFR was calculated using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) creatinine equation
[19]. Hyperhomocysteinemia was considered for homocyst-
eine levels >15umol/l, and hypovitaminosis D for levels
<30ng/ml [20,21].
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Statistical analysis

Women were categorized into tertiles according to their
plasma homocysteine levels. The lower tertile of homocyst-
eine was considered the reference group. Analysis of vari-
ance was used to compare continuous variables between
tertiles and the chi-square test was applied for categorical
variables. The association between continuous variables was
performed using the Pearson correlation. Logistic regression
analysis was fitted to estimate the effects of various covari-
ates over the risk of presenting hyperhomocysteinemia and
low HGS. The statistical analyses were performed using R
software version 2.10.1 (The R Foundation for Statistical
Computing: http://www.r-project.org/). All of the analyses
were exploratory. No formal sample size calculation
was performed.

Results

The studied sample included 303 postmenopausal women
aged 62.7+6.9years with a mean age at menopause of
50.1+2.7 years. The whole sample BMI was 24.6 + 3.7 kg/m?,
the adiposity was 40.3+5.4% and the average grip strength
was 22.5+4.0kg. The mean values of the laboratory parame-
ters homocysteine, MCV, GFR, creatinine and vitamin D were
in the normal range (Table 1).

The characteristics of the participating women according
to tertiles of homocysteine are presented in Table 2. We
observed that women in the upper homocysteine tertile
have lower GFR levels (p =0.003) and higher plasma creatin-
ine levels (p=0.009). There were no significant associations
between plasma homocysteine with either age, age at meno-
pause, smoking status, BMI, adiposity, MCV, vitamin D levels,
HGS and degree of physical activity.

When we compared women with normal plasma homo-
cysteine levels with those who presented hyperhomocystei-
nemia, there were significant differences in MCV (odds ratio
[OR1=1.23 [95% confidence interval (Cl): 1.07; 1.42]), GFR
(OR = 0.94 [95% Cl: 0.91; 0.98]) and plasma creatinine (OR =
24.5 [95% CI: 0.5; 1125]) levels. There were no significant dif-
ferences among HGS (OR = 0.98 [95% ClI: 0.89; 1.08]) or
dynapenia (OR = 1.10 [95% Cl: 0.45; 2.47]) and the remaining
parameters presented in Table 3. Concerning the Pearson
correlation coefficients (r) between homocysteine and covari-
ates, Figure 1 shows that homocysteine levels were corre-
lated with age (r=0.17), GFR (r=-0.28) and creatinine
(r=0.23). There were no significant correlations between
homocysteine and HGS (r=—0.06) and other covariates.

A logistic regression analysis was fitted to estimate the
effect of various covariates over the risk of presenting

Table 1. Laboratory parameters.

Estimate Reference
Parameter (n=303) 95% (I range
Homocysteine (umol/l) 11.4+£3.18 11.0; 11.7 5-15
Mean corpuscular volume (fl) 92.4+2091 92.1; 92.8 80-100
Glomerular filtration rate (ml/min) 844+12.0 83.1; 85.8 >60
Creatinine (mg/dl) 0.75+0.11 0.74; 0.76 0.5-1.01
Vitamin D (ng/ml) 337113 32.4; 35.0 30-100

Data presented as mean + standard deviation. Cl, confidence interval.
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Table 2. Characteristics of the studied population according to tertiles of homocysteine.

Homocysteine tertile 1

Homocysteine tertile 2

Homocysteine tertile 3

Parameter [>5.1 to <10 umol/l] (n=105) [>10 to <12 umol/l] (n=99) [>12 to <28.7 umol/l] (n=99) p-Value
Age (years) 61.7£6.5 63.4+6.6 63.1£74 0.169
Age at menopause (years) 50.0+2.9 499+2.8 504+2.4 0.465
Smoking status

Smoker 15 (26.3%) 19 (33.3%) 23 (40.4%) 0.261

Never 90 (36.6%) 80 (32.5%) 76 (30.9%)
BMI (kg/m?) 243+37 247+36 247439 0.733
Adiposity (%) 40.9+4.7 394+56 40.5+58 0.141
MCV (fl) 923+238 922+29 927+29 0.429
GFR (ml/min) 874+£108 84.1+£11.3 81.7+£13.2 0.003
Creatinine (mg/dl) 0.72+0.1 0.75+0.1 0.77 £0.1 0.009
Vitamin D (ng/ml) 346+10.7 320+11.7 343+11.5 0.190
Handgrip strength (kg) 228+34 224+42 223+43 0.641
Physical activity

Low 44 (32.4%) 42 (30.9%) 50 (36.8%) 0.390

Moderate/high 61 (36.5%) 57 (34.1%) 49 (29.3%)

Data presented as mean + standard deviation or n (%). BMI, body mass index; GFR, glomerular filtration rate; MCV, mean corpuscular volume.

Table 3. General characteristics of the studied parameters in women with normal homocysteine levels (homocysteine <15 pmol/l)

and hyperhomocysteinemia (homocysteine >15 umol/l).

Homocysteine
Homocysteine >15 pumol/l

Parameter <15 umol/l (n=274) (n=29) 0Odds ratio [95% Cl] p-Value
Age (years) 624+6.7 65.6 +8.1 1.07 [1.01; 1.13] 0.051
Age at menopause (years) 50.0+2.8 50.3+2.36 1.04 [0.91; 1.19] 0.526
Smoking status

Smoker 52 (91.2%) 5 (8.7%) Reference 0.999

Never 222 (90.2%) 24 (9.7%) 1.10 [0.43; 3.45]
BMI (kg/mz) 244+3.7 26.2+3.9 1.13 [1.02; 1.24] 0.024
Adiposity (%) 40.2+53 40.6+5.4 1.01 [0.94; 1.09] 0.712
MCV (fl) 923+28 93.9+28 1.23 [1.07; 1.42] 0.004
GFR (ml/min) 852+11.7 7721123 0.94 [0.91; 0.98] 0.002
Creatinine (mg/dl) 0.74+£0.1 0.80+0.1 24.5 [0.5; 1125] 0.004
Vitamin D (ng/ml) 335+£113 354+£118 1.01 [0.98; 1.05] 0.407
Mean handgrip strength (kg) 22.5+40 222+36 0.98 [0.89; 1.08] 0.713
Handgrip strength (kg)

>20 (normal) 194 (90.7%) 20 (9.3%) Reference 0.999

<20 (dynapenia) 80 (89.9%) 9 (10.1%) 1.10 [0.45; 2.47]
Physical activity

Low 122 (89.7%) 14 (10.3%) Reference 0.849

Moderate/high 152 (91.1%) 15 (8.9%) 0.86 [0.40; 1.88]

Data presented as mean * standard deviation or n (%). BMI, body mass index; Cl, confidence interval; GFR, glomerular filtration

rate; MCV, mean corpuscular volume.

hyperhomocysteinemia. A significant association was found
between BMI (OR = 1.14 [95% CI: 1.01; 1.29]), MCV (OR =
1.23 [95% Cl: 1.07; 1.43]) and creatinine (OR = 1.88 [95% Cl:
1.18; 3.10]) and the risk of presenting hyperhomocysteine-
mia. No other significant association was found with the
remaining variables (Table 4). Finally, a logistic regression
model examined the effect of plasma homocysteine levels
and other variables over the risk of presenting low HGS
showing that there were significant association with age
(OR=-0.23 [95% Cl: —0.29; —0.17]), adiposity (OR=—6.52
[95% CI: —9.53; —3.50]) and creatinine (OR = 6.22 [95% Cl:
2.48; 9.97]). There was no significant association with homo-
cysteine (OR=-0.08 [95% CI: —0.21; 0.06]). The overall
prevalence of dynapenia was 29.4% (89/303).

Discussion

This cross-sectional study showed that hyperhomocysteine-
mia is not associated with HGS or dynapenia in postmeno-
pausal women. In this cohort, the high Ilevels of

homocysteine were associated with low GFR and MCV, and
increased creatinine values.

Homocysteine is a significant marker for overall health sta-
tus [22]. In older women, the hyperhomocysteinemia preva-
lence reported in different studies is within a range of
4.13-48.1% [23,24]. Aging is associated with increased homo-
cysteine concentrations due to renal function decline [25]
and the high prevalence of vitamin B12 and folate deficiency
[26]. In our cohort of postmenopausal women, the hyperho-
mocysteinemia prevalence was 9.57%, within the published
low range. We also found that plasma homocysteine levels
were significantly correlated with advanced age, which is
consistent with previous studies [3]. During the menopausal
transition, there is a progressive decrease in estrogen levels,
a redistribution of body fat from the periphery to the
abdominal region, changes in plasma lipoprotein levels and
insulin resistance, and increasing prevalence of metabolic
syndrome, obesity, dyslipidemia, hyperinsulinemia, hyperten-
sion and hyperhomocysteinemia [27-29]. It seems that
adequate estradiol levels may minimize homocysteine-medi-
ated oxidative DNA damage [30]. In addition,
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Figure 1. Pearson correlation between age, age at menopause, adiposity, body mass index (BMI), creatinine, glomerular filtration rate (GFR), handgrip strength

(HGS), mean corpuscular volume, vitamin D and homocysteine.

Table 4. Logistic regression model analyzing the effect of covariates over the
risk of presenting hyperhomocysteinemia (homocysteine >15 pmol/I).

Hyperhomocysteinemia

Covariate 0dds ratio  95% confidence interval
Age 1.05 [0.98; 1.13]
Age at menopause 1.03 [0.89; 1.19]
Smoking 0.95 [0.33; 3.17]
Body mass index 1.14 [1.01; 1.29]
Adiposity 0.98 [0.89; 1.08]
Mean corpuscular volume 1.23 [1.07; 1.43]
Creatinine 1.88 [1.18; 3.10]
Vitamin D 1.01 [0.97; 1.04]
Handgrip strength 0.99 [0.88; 1.11]
Physical activity, low vs. moderate/high 1.21 [0.52; 2.90]

postmenopausal women with hormone replacement therapy
had decreased plasma homocysteine [31].

Muscle strength decreases with age and has a predictive
value of the individual’s brain function, physical vulnerability
and even mortality in the long term [32]. Aging is associated
with an increased prevalence of muscle alterations: first
appears a loss of muscle strength without significant
changes in muscle mass (dynapenia), and later the loss of
muscle strength is accompanied by decreased muscle mass
(sarcopenia) [33]. Some studies have reported the relation-
ship between homocysteine and muscle strength and phys-
ical function with controversial or inconsistent results [10,34].
Swart et al. revealed that elevated plasma homocysteine lev-
els are associated with lower grip strength only in older men
and the three-year follow-up revealed no significant associ-
ation between quartiles of homocysteine and HGS in both
men and women [11]. The Baltimore Longitudinal Study of

Aging reported a significant inverse relationship between
homocysteine and grip strength in women, while results
were not significant in men [12]. We observed no significant
association between plasma homocysteine levels and HGS
when compared with the tertiles of homocysteine. In our
studied population, the dynapenia prevalence was 29.4%,
and hyperhomocysteinemia was not associated
with dynapenia.

Kidney function declines with aging, causing a reduction
in GFR and consequently a decrease in creatinine and homo-
cysteine clearance [2]. The relationship between homocyst-
eine levels with renal function and creatinine level has been
reported in the literature, showing that the plasma homo-
cysteine level was negatively associated with renal function
[23]. Our results were in line with previous studies which
reported that the GFR and creatinine are associated with
hyperhomocysteinemia.

Vitamin B12 and folate deficiency causes macrocytic
anemia and hyperhomocysteinemia [35]. In our study, we
have used the MCV as a surrogate marker of plasma vitamin
B12 and folate levels, and no case of macrocytosis was iden-
tified. Interestingly, our study found that the MCV was asso-
ciated with a higher risk of hyperhomocysteinemia. Vitamin
D has been also associated with homocysteine levels [36,37];
however, others have not found such relationships [38].
Amer and Qayyum reported a non-linear relationship
between vitamin D and homocysteine, as it was only
observed among those with plasma vitamin D levels that
were <21 ng/ml [36]. In our cohort, there was no association
between homocysteine and plasma vitamin D levels. This
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may be attributed to the fact that vitamin D levels were in
the normal range and there were no women with very low
plasma vitamin D levels.

The relationship between BMI and homocysteine levels
showed conflicting data. Some previous studies reported a
negative correlation between BMI and homocysteine levels
[39], and others have found that hyperhomocysteinemia was
associated with an increase in the percentage of adipose tis-
sue [40]. Conversely, some studies reported no relationship
between BMI and hyperhomocysteinemia [3]. Our results
show an association between plasma homocysteine levels
and BMI, and no relationship with adiposity. Of interest is
that BMI was significantly associated with a higher risk of
hyperhomocysteinemia.

Physical activity has been associated with plasma homo-
cysteine levels but with controversial results. Acute exercise,
independent of the duration or intensity of the exercise per-
formed, usually induces increases in plasma homocysteine
levels. The HERITAGE Family Study observed that regular aer-
obic exercise reduced plasma homocysteine levels in subjects
with hyperhomocysteinemia, with no difference between
men and women, but in subjects with a normal range of
homocysteine there is a slight increase [41]. Regarding the
effects of different exercise programs on plasma homocyst-
eine levels, there is no consensus - this is due to the large
variety of exercise interventions, with different durations and
intensities, and different populations making it difficult to
have consistent conclusions [42]. In our study, we observed
that physical activity had no relationship with plasma homo-
cysteine levels. Cigarette smoking has been associated with
hyperhomocysteinemia [43]. The related mechanism is not
fully known, but one possible explanation would be that
smokers have lower vitamin B6, vitamin B12 and folate levels
due to intake differences in fruit, vegetables and vitamin
supplements between smokers and non-smokers [44]. In our
study, we have not observed an association between smok-
ing status and plasma homocysteine levels.

Limitations and strengths

Our study has certain limitations, including its cross-sectional
design and the lack of data regarding the folate and vitamin
B12 status. The strengths of the present study include a rela-
tively large sample size of postmenopausal women and that
the biochemical parameters were analyzed in a single labora-
tory with quality controls in place. We also included multiple
potential risk factors that have been separately analyzed in
previous publications. Furthermore, homogeneity in ethnicity
and non-institutionalized women reduces potential con-
founding by different ethnicities or submission to the life
regime of an institution.

Conclusions

In summary, the present study reports that in postmeno-
pausal women, plasma homocysteine levels are not related
to HGS. Hyperhomocysteinemia was not associated with HGS
and dynapenia. Results showed that age, GFR and creatinine

were correlated with plasma homocysteine levels. A total of
9.57% of women had hyperhomocysteinemia and 29.4%
had dynapenia.
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ABSTRACT

Objective: The current study aimed to evaluate the relationship between homocysteine (Hcy) levels
and bone mineral density (BMD) in postmenopausal women.

Methods: The present, cross-sectional study included 760 postmenopausal women. The following vari-
ables were recorded: age, age at menopause, body mass index (BMI), BMD (measured by dual-energy
X-ray absorptiometry [DXA] scanning and expressed as lumbar, femoral neck and total hip T-scores),
smoking status, biochemical parameters (Hcy, creatinine, calcium, phosphorus, vitamin D and parathor-
mone levels) and vitamin D supplementation.

Results: The mean age of the sample population was 56.4+5.77 years and the mean age at meno-
pause was 49.9+3.62 years. The mean BMI was 25.2 +4.49kg/m?. In the current study, a comparison
of the subjects with osteoporosis, osteopenia and normal BMD revealed that the subjects in the low
BMD group were significantly older (p <0.001), had a lower age at menopause (p < 0.001) and had
lower BMI (p < 0.001). There was no statistically significant difference among the groups with regard
to the plasma levels of Hcy (p=0.946). The levels of Hcy were positively correlated to the creatinine
levels (r=0.21). The present study did not observe any significant correlations between the Hcy levels
and other parameters.

Conclusions: In the present study, 15.3% of the subjects had hyperhomocysteinemia and 62.11% had
low BMD. The current results obtained from a group of postmenopausal women suggest that the
plasma levels of Hcy are not related to BMD in the lumbar spine (L1-L4), femoral neck and total hip.
In the current study, age, age at menopause and low BMI were observed to be associated with
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low BMD.

Introduction

Homocysteine (Hcy) is a sulfur-containing amino acid pro-
duced by our body from methionine retrieved from the diet.
Hcy can be converted into cysteine or remethylated to
regenerate methionine through enzymatic reactions that
depend on the presence of cofactors, such as folic acid and
vitamins B6 and B12. The deficiency of enzymatic activity or
its cofactors could result in an elevation of the plasma levels
of Hey [1].

Hyperhomocysteinemia (>15 pmol/l) has been recognized
as a risk factor for atherosclerosis, hypercoagulability and
atherothrombosis, and has been associated with a greater
risk of adverse cardiovascular events, such as acute coronary
syndrome, stroke and cardiovascular mortality [2,3].
Moreover, the condition has been related to cognitive
impairment, dementia and Alzheimer’s disease [4].

Several recent studies have shown that the serum levels
of Hcy affect the formation of bone tissue by means of sev-
eral mechanisms. Hcy reduces blood flow to the bone [5],
increases osteoclast activity [6], activates matrix metallopro-
teinases [7], causes oxidative damage and interferes with the
enzymatic  cross-link  formation in  normal collagen.

Consequently, Hcy decreases bone mineralization and
reduces bone strength [8,9].

Osteoporosis is a skeletal disorder that causes consider-
able morbidity and mortality, owing to fractures, and is cur-
rently considered a major public health problem [10].
Previous studies have reported aging, female gender, low
body weight, cigarette smoking, alcohol consumption, early
menopause, prior low-trauma fracture as an adult and a his-
tory of hip fracture in a first-degree relative as the important
risk factors for osteoporosis [11].

In the literature, certain previous studies have observed a
relationship between the increased plasma levels of Hcy and
bone mineral density (BMD) and an increased risk of osteo-
porotic fractures in postmenopausal women, independent of
the BMD [12-16]. In contrast, some other studies have not
observed any relationship between the levels of Hcy and
BMD [17-19].

The purpose of the current study was to investigate
whether the plasma levels of Hcy are related to BMD in a
group of postmenopausal women who visited the Obstetrics
and Gynecology Department at the Hospital Universitario
Dexeus (Barcelona, Spain).

CONTACT P. Garcia-Alfaro @ pasgar@dexeus.com @ Department of Obstetrics, Gynecology and Reproduction, Hospital Universitario Dexeus, Gran Via Carles Il

Barcelona, 71-75 08028, Spain
© 2021 International Menopause Society



180 (&) P. GARCIA-ALFARO ET AL.

Materials and methods
Study design

The current, cross-sectional study was performed during the
time period from April 2019 to March 2020 in our
Department and included 760 postmenopausal women aged
50-80years. The following variables were recorded: the sub-
ject’s age at menopause, biochemical laboratory parameters
(Hcy, creatinine, calcium, phosphorus, vitamin D and para-
thormone [PTH] levels), body mass index (BMI) and BMD
measured using dual-energy X-ray absorptiometry (DXA),
smoking status and vitamin D  supplementation.
Postmenopausal status was defined as amenorrhea for a
minimum duration of 1year prior to initiation of the study.
The exclusion criteria are stated as follows: women with pri-
mary ovarian failure, early menopause, cardiovascular, liver
or renal diseases, surgical menopause or history of cancer,
and patients under treatments that are known to influence
the levels of Hcy or bone mineralization (folates or vitamin
B12 supplements, menopausal hormone therapy, corticoste-
roids, anticonvulsants, heparin, thiazide diuretics and antire-
sorptive agents).

The present study was approved by the Institutional
Review Board of our Clinical Center and registered in
ClinicalTrials.gov (NCT04821492).

BMI measurements

BMI was calculated as the weight in kilograms divided by
the square of the height in meters after assessing the weight
and height of the participants wearing a disposable gown
without footwear.

BMD measurements

BMD was determined by DXA using the Lunar iDXA system
(GE Healthcare, Chicago, IL, USA) in the lumbar spine (L1-L4),
femoral neck and total hip. The quality control of the scan-
ner was performed by the measurement of a phantom’s
density on a daily basis. The phantom measurements
showed stable results during the course of the study.
Coefficients of variation of DXA measurements ranged from
0.23% to 0.38%. The evaluation of BMD was performed using
only the raw data generated by the DXA. The values were
expressed in absolute values as grams of mineral content
per square centimeters of bone area (g/cm?) and T-scores. In
accordance with the World Health Organization (WHO) classi-
fication system, the subjects were classified on the basis of
the lowest T-score as follows: normal BMD with a T-score
> —1 standard deviation (SD); osteopenia with T-scores rang-
ing from —1SD to —2.5SD; and osteoporosis with a T-score
< —2.55D [20].

Biochemical laboratory parameters

The blood samples were obtained during the time period
between 8:00 a.m. and 9:00 a.m. after an overnight fast with-
out any prior exercise or smoking. The plasma levels of Hcy,

creatinine, calcium, phosphorus, vitamin D and PTH were
evaluated using an automated analyzer system (COBAS®
8000; Roche Diagnostics, Pleasanton, CA, USA).
Hyperhomocysteinemia was defined as a total serum level of
Hcy >15 umol/l [21].

Statistical analysis

In the present study, continuous variables are presented as
the mean and SD, and categorical variables are presented as
the percentage and number. The subjects were categorized
into the following three groups: osteoporotic, osteopenic
and normal groups. The continuous variables pertaining to
the groups were compared using the analysis of variance
test, and the Shapiro-Wilks test was used to check the nor-
mality of the variables. Pearson correlation was used to
evaluate the association between continuous variables. The
chi-square test or Fisher's exact test was used to compare
categorical variables. The multivariate linear model was used
to evaluate the association between BMD and age, age at
menopause, BMI and the plasma levels of Hcy and vitamin
D. p<0.05 was considered statistically significant for all of
the comparisons. The statistical analyses were performed
using R software version 2.10.1 (The R Foundation for
Statistical Computing: http://www.r-project.org/). All analyses
were exploratory. No formal sample size calculation
was performed.

Results

The mean age of participants was 56.4+5.77 years and the
mean age at menopause was 49.9+3.62years. The mean
BMI of the whole sample was 25.2+4.49kg/m?. The values
of the clinical and biochemical parameters pertaining to the
subjects, expressed as the mean+SD and n (%), are pre-
sented in Table 1.

Table 1. Clinical and biochemical parameters pertaining to the 760 postme-
nopausal women.

Parameter Mean +SD or N (%) Reference range
Homocysteine (umol/l) 11.9+3.62 5-15
Creatinine (mg/dl) 0.74+0.12 0.50-1.02
Ca (mg/dl) 9.57+0.45 8.7-10.4
P (mg/dl) 3.46+0.47 2.5-4.5
Vitamin D (ng/ml) 27.0+12.0 20-50
PTH (pg/ml) 412+157 15-65
BMD (g/cm?)

Lumbar spine 1.11+£017

Femoral neck 0.88+0.13

Total hip 0.92+0.13
T-score (SD)

Lumbar spine —0.75+1.41

Femoral neck —0.80+1.02

Total hip —0.66 £ 1.04
Smoking

Never 622 (81.9)

Smoker 138 (18.1)
Vitamin D supplementation

No 447 (58.8)

Yes 313 (41.2)

BMD, bone mineral density; Ca, calcium; P, phosphorus; PTH: parathormone;
SD, standard deviation.
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Table 2. Clinical and biochemical parameters, according to the lowest T-score.

Parameter Osteoporosis (n=86) Osteopenia (n = 386) Normal (n=288) p-Value
Age 59.5+5.73 57.3+6.12 543+4.49 <0.001
Age at menopause 48.8+4.32 49.8+3.65 50.7+2.92 <0.001
BMI (kg/m?) 233+4.21 246+3.93 26.5+4.92 <0.001
Homocysteine (umol/1) 12.0+3.62 11.9+3.59 11.8+3.68 0.946
Creatinine (mg/dl) 0.72+£0.12 0.73+0.11 0.76 £0.13 <0.05
Ca (mg/dl) 9.52+0.44 9.59+0.43 9.56 £0.49 0.681
P (mg/dl) 3.56 +0.42 3.48+0.49 3.40+0.46 0.149
Vitamin D (ng/ml) 30.8+15.1 272+11.6 255+£11.2 <0.05
PTH (pg/ml) 413£17.0 41.3+159 4131147 1.000
BMD (g/cm?)
Lumbar spine 0.87 +0.07 1.05+0.10 1.27£0.13 <0.001
Femoral neck 0.74+£0.07 0.83+£0.08 0.99+£0.11 <0.001
Total hip 0.77 £0.08 0.86+0.08 1.03+0.12 <0.001
T-score (SD)
Lumbar spine —2.70£0.61 —1.21+£0.85 0.58 +1.02 <0.001
Femoral neck —1.91+0.61 —1.23+£0.62 0.12+£0.77 <0.001
Total hip —1.88+0.66 —1.09+0.63 0.25+0.79 <0.001
Smoking 19 (22.1%) 70 (18.1%) 49 (17.0%) 0.563
Vitamin D supplementation 36 (41.9%) 166 (43.0%) 111 (38.5%) 0.503
BMD, bone mineral density; BMI, body mass index; Ca, calcium; P, phosphorus; PTH, parathormone; SD, standard deviation.
Table 3. Mean comparison between the plasma levels of Hcy levels and BMD.
BMD (g/cmz) Hey <15 umol/l (n=643) Hey >15 umol/l (n=117) 95% CI for mean difference p-Value
Lumbar spine 1.11+£0.17 1.09+0.19 0.02 [—0.02 to 0.05] 0.359
Femoral neck 0.88+0.13 0.86+0.12 0.02 [—0.00 to 0.04] 0.149
Total hip 0.92+0.13 0.91+0.13 0.01 [—0.01 to 0.03] 0.416

BMD, bone mineral density; Cl, confidence interval; Hcy, homocysteine.

In accordance with the lowest T-score pertaining to any
of the three sites used for the assessment of BMD, the cur-
rent study observed that, among the study subjects, 86 had
osteoporosis (11.32%), 386 had osteopenia (50.79%) and 288
displayed normal BMD (37.89%).

A comparison of the subjects with osteoporosis, osteope-
nia and normal BMD revealed that the osteoporotic and
osteopenic groups were significantly older (p <0.001). The
present study compared the mean age at menopause with
regard to BMD and observed that the age at menopause
was higher in the normal BMD group. The difference was
statistically significant (p < 0.001). The mean BMI of the sub-
jects with normal BMD was significantly higher, compared to
the subjects with osteopenia and osteoporosis (p < 0.001).

Regarding the difference among the groups in terms of
BMD, the current study observed that the differences in the
plasma levels of Hcy were not statistically significant
(p=0.946). Among the subjects involved in the current
study, 18.1% were smokers and there was no significant dif-
ference among the groups with regard to smoking status
(p=0.563). Regarding the biochemical parameters, the
plasma levels of creatinine were lower in the osteopenic and
osteoporotic groups, compared to the normal group, and
the differences were statistically significant (p <0.05). The
plasma level of vitamin D was significantly higher in the
osteoporotic group (p < 0.05). However, there was no statis-
tically significant difference among the groups with regard
to vitamin D supplementation (p=0.503) and the plasma
levels of calcium, phosphorus and PTH. The results are sum-
marized in Table 2.

The prevalence of hyperhomocysteinemia (Hcy >15 pmol/
I) in the study population was observed to be 15.3%. The
present study performed a mean comparison of the plasma

levels of Hcy and BMD in the lumbar spine, femoral neck
and total hip. The plasma level of Hcy was dichotomized
into <15 umol/l and >15umol/l. The differences among the
groups in terms of the plasma levels of Hcy with respect to
BMD were not statistically significant (Table 3).

The Pearson correlation coefficients (r) of the parameters
pertaining to all of the subjects are shown in Figure 1. The
present study observed that the levels of Hcy were positively
correlated to the levels of creatinine (r=0.21). No significant
correlations were observed between the levels of Hcy and
other parameters. Age was positively correlated with BMI
(r=0.35), and negatively correlated with the levels of phos-
phorus (r = —0.29) and the T-score of the lumbar spine (r =
—0.26). BMI was negatively correlated with the levels of
phosphate (r = —0.27) and positively correlated with the T-
score of the total hip (r=0.26).

Finally, multiple regression analysis was used to determine
the possible influence of age, age at menopause, BMI and
the plasma levels of Hcy and vitamin D in predicting BMD.
According to the f-coefficients, age and BMI were the main
predictors of BMD in the lumbar spine, femoral neck and
total hip, whereas age at menopause was a predictor of
BMD in the lumbar spine and total hip. The plasma levels of
Hcy and vitamin D were not significant predictors of BMD
(Table 4).

Discussion

The current study analyzed the association between plasma
levels of Hcy and BMD in postmenopausal women. The pre-
sent results did not show any significant correlation between
the plasma levels of Hcy and BMD in the lumbar spine
(L1-L4), femoral neck or total hip.
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Figure 1. Pearson correlation between the parameters and bone mineral density (BMD). BMI, body mass index; Ca, calcium; P, phosphorus; PTH, parathormone.

Table 4. Multiple regression analysis to determine the predictors of BMD (g/cm?).

Lumbar spine BMD

Femoral neck BMD

Total hip BMD

Predictor B 95% CI B 95% Cl B 95% Cl

Age —-0.01° 0.99-0.99 —-0.01° 0.99-1.00 —0.00° 0.99-1.00

Age at menopause 0.01° 1.00-1.01 0.00 1.00-1.01 0.00° 1.00-1.01

BMI 0.01° 1.00-1.01 0.01° 1.00-1.01 0.01° 1.01-1.01

Hey 0.00 1.00-1.01 0.00 1.00-1.00 0.00 1.00-1.00

Vitamin D —0.00 1.00-1.00 —0.00 1.00-1.00 —0.00 1.00-1.00

Adjusted R* = 0.11 Adjusted R* = 0.10 Adjusted R> = 0.14

?p < 0.001.

®p < 0.05.

BMD, bone mineral density; BMI, body mass index; Cl, confidence interval; Hcy, homocysteine.

Previous studies have reported a significant positive asso-
ciation between the plasma levels of Hcy and the risk of frac-
tures [15,16,22,23]. Moreover, the severity of vertebral
fractures [24] is currently considered a new, independent risk
factor for decreased bone strength and fractures [25].
However, the relationship between the plasma levels of Hcy
and BMD remains controversial. Some previous studies have
reported that the elevated levels of Hcy are not related to
low BMD [17-19,26], whereas other studies have observed a
significant association between the levels of Hcy and BMD
[12-14,27,28]. The present study was conducted to investi-
gate the relationship between the levels of Hcy and BMD,
and no correlation was observed.

A comparison of the previous reports with the current
study revealed certain differences in the menopausal status
of the subjects and the bones involved in the evaluations. In
the present study, all of the subjects were postmenopausal
women with mean age at menopause within the normal
range. Some of the previous studies included subjects in the
stages of early menopause or perimenopausal women.
Regarding the evaluation of BMD in different bones, the cur-
rent study analyzed the lumbar spine, femoral neck and total
hip, whereas other studies evaluated only the lumbar spine
or hip.

A systematic review and meta-analyses by van
Wijngaarden et al. showed that vitamin B12, folate and



plasma levels of Hcy are not associated with BMD.
Nevertheless, there was evidence of the association between
elevated plasma levels of Hcy and fracture risk [23]. This
highlights the importance of the documentation of major
osteoporotic fractures.

A recent study by Su et al. regarding the sex-based differ-
ences between the levels of Hcy and BMD reported that a
higher fracture risk and a greater decline in BMD with higher
levels of Hcy were observed in males, but not in females
[29]. Accordingly, the sex of the subjects should be taken
into consideration during assessment of the association
between levels of Hcy and BMD.

A cross-sectional study by Kim et al. stratified the subjects
in accordance with their age into three groups, and reported
that Hcy was negatively correlated with BMD only in female
subjects above the age of 50years [30]. The aforementioned
results suggest that the age of the subjects may influence
the results.

Considering the relationship between the levels of Hcy
and increased osteoclast activity, the results regarding the
bone turnover markers of bone resorption and levels of Hcy
are controversial. Mittal et al. reported that there was no dir-
ect correlation between Hcy and cathepsin K [19]. In add-
ition, the study by Ohishi et al. did not observe any
relationship between Hcy and N-terminal telopeptide of type
| collagen [31]. However, a recent study by De Martinis et al.
reported a significant relation between higher levels of Hcy
and higher C-terminal telopeptide of type | collagen levels
[32], thereby indicating the importance of including bone
turnover markers in the research.

Elevated levels of Hcy contribute to the development of
osteoporosis through the following mechanisms: increasing
osteoclast activity, inhibiting osteoblast activity, reducing
blood flow to the bone, activating matrix metalloproteinases,
increasing oxidative damage by the production of reactive
oxygen species and interfering with collagen cross-linking.
Consequently, the aforementioned mechanisms reduce the
strength of the bone microarchitecture, damage the bio-
mechanical properties of the bone, reduce bone quality and
increase the risk of fractures [33]. BMD assessments detect
the changes in bone metabolism with a significant delay and
provide poor information regarding the microarchitecture of
the bone matrix (e.g. the cross-linking of collagen molecules
or the integration of collagen molecules in the bone matrix)
that might be crucial for mechanical stability [34]. One of the
pathophysiological mechanisms of osteoporosis in women
with higher levels of Hcy may be damage to the quality of
bone, which cannot be detected by BMD evaluation using
DXA [35]. In relation to this fact, the current study did not
observe any correlation between the group of subjects with
hyperhomocysteinemia and BMD.

Hcy levels increase with age and are higher in postmeno-
pausal women, compared to perimenopausal women [36].
Hcy levels are also associated with renal function and the
creatinine level is correlated with the concentration of Hcy
[31]. In the present study, all of the subjects were postmeno-
pausal women and age was not observed to be related to
the levels of Hcy. The levels of Hcy were related to the
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creatinine levels. Age, menopausal status and renal function
should be considered during the assessment of levels of Hcy.

Furthermore, there are important differences in the levels
of Hcy, in accordance with variation in geographical loca-
tions. Lower values of Hcy levels were reported in the
Mediterranean countries, compared to central or northern
European countries [37]. The data reported by various previ-
ous studies suggest that the prevalence of hyperhomocystei-
nemia is within a range of 4.13-39.1% in the adult female
population and the variations depend on the cut-off value of
Hcy levels, geographic location, age and ethnicity of the
population under study [38-40]. The prevalence of hyperho-
mocysteinemia among the subjects in the current study is
within the low range, compared to the previous results
reported in the literature.

Several factors play key roles in the development of osteo-
porosis, such as low BMI, aging, age at menopause and vita-
min D levels. These factors are associated with low BMD
[41,42]. In accordance with these data, the current study
observed that the osteopenic and osteoporotic subjects dis-
played lower BMI, were significantly older and had a lower age
at menopause, compared to the subjects with normal BMD.
However, the vitamin D levels were higher in the subjects with
low BMD, compared to the subjects with normal BMD, which
can be attributed to the fact that in our department, vitamin
D supplementation is recommended for all postmenopausal
women diagnosed with low levels of vitamin D. However,
there were no significant differences among the groups based
on BMD with regard to vitamin D supplementation.

The strengths of the current study include the large sam-
ple size of postmenopausal women and the fact that all of
the BMD evaluations were performed with DXA using the
same densitometer and the biochemical parameters were
analyzed in the same biochemical laboratory with quality
controls in place. However, the present study has certain lim-
itations. The retrospective nature of the study and the lack
of data regarding the folate and vitamin B12 status of the
subjects are limitations. Furthermore, the lack of data regard-
ing the osteoporotic fractures and biochemical bone turn-
over markers is another limitation, which made the
assessment of the possible influence of the levels of Hcy on
these variables impossible.

Conclusions

The results of the present study suggest that plasma levels
of Hcy are not related to BMD in the lumbar spine (L1-L4),
femoral neck and total hip in a group of postmenopausal
women. Hence, it can be concluded that the plasma level of
Hcy is not a good predictor of BMD status. In the current
study, 15.3% of the subjects had hyperhomocysteinemia and
62.11% had low BMD. Age, low BMI and age at menopause
were observed to be associated with low BMD.
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5. DISCUSION

Con nuestro trabajo hemos querido determinar los factores
generales y hormonales asociados a la fuerza muscular de agarre y
la DMO, asi como valorar si la homocisteina y su relacién con la
fuerza muscular de agarre y la DMO, podria tener utilidad en la
practica clinica diaria a la hora de evaluar a la mujer

postmenopausica.

La discusion se ha estructurado siguiendo la linea argumental de
los objetivos establecidos.

5.1 Factores generales relacionados con la fuerza muscular de
agarre y la DMO

El proceso de envejecimiento esta asociado a cambios cualitativos y
cuantitativos en la masa muscular, asi como en la masa désea
(Hughes et al., 2001; Seeman., 2002). Con la edad, se produce una
pérdida de calidad muscular debido a una disminucién progresiva
de la fibra muscular tipo Il, que juega un papel importante en el
metabolismo  anaerdbico, representando probablemente el
mecanismo que inicia la disminucidn de la fuerza muscular (Morgan
et al., 2020).

Para el mantenimiento de las propiedades 6seas es necesario el
recambio 6seo y cuando hay desequilibrio entre los procesos de
resorcion 6sea y formacion 6sea, se desarrolla la osteoporosis. Este
proceso esta influenciado por la edad, los esteroides sexuales, la
vitamina D, la hormona paratiroidea (PTH) y factores plasmaticos
involucrados en el crecimiento celular (Cheung et al., 2004;
Hadjidakis et al., 2006).



En nuestro trabajo (Garcia-Alfaro et al., 20222) en consonancia con
estudios previos, observamos que la edad esta relacionada con la
pérdida de fuerza muscular y esta pérdida va disminuyendo
progresivamente con el paso de los afos. Ademas, observamos
que la edad esta asociada a mayor riesgo de presentar dinapenia.
Respecto a la DMO, los grupos de mujeres con osteopenia y
osteoporosis eran significativamente mayores respecto al grupo de

mujeres con DMO normal (Garcia-Alfaro et al., 2022°).

La edad de la menopausia se ha relacionado con la fuerza muscular
de agarre y la DMO. Una edad mas temprana de inicio de la
menopausia se asocia con un mayor riesgo de presentar dinapenia
(Garcia-Alfaro et al.,, 2019), menor DMO y una mayor tasa de
fracturas (Gallagher., 2007). En este sentido nuestro estudio revela
que la fuerza muscular de agarre tiene una correlacién con la edad
de la menopausia. Ademas se observa que existe una diferencia en
la media de edad de la menopausia entre los grupos de mujeres
con DMO normal, osteopenia y osteoporosis, teniendo una menor
edad de la menopausia las mujeres con osteoporosis (Garcia-Alfaro
et al., 2022°).

La relacion entre fumar y la fuerza muscular no esta clara. Estudios
previos han observado la asociacion entre el tabaquismo y la
sarcopenia (Neves et al., 2018) o la dinapenia (Stenholm et al.,
2012), mientras que otros estudios no encuentran asociacion
(Wiener et al., 2020). Incluso, se ha observado en el Estudio
Longitudinal Canadiense sobre el Envejecimiento que fumar se
asocia con una mayor fuerza de prension (Velez et al., 2019). En
relacién con la DMO, el tabaquismo comporta una disminucién de la



DMO y un aumento del riesgo de fracturas osteoporéticas (Trevisan
et al., 2020). En nuestro estudio, el tabaquismo no se asocid con la
fuerza muscular de agarre ni con la DMO. Estos resultados podrian
explicarse por el relativo bajo porcentaje de fumadoras de nuestro
trabajo, situandose entre el 18.8% y el 19.4%.(Garcia-Alfaro et al.,
20222; Garcia-Alfaro et al., 2023).

Todavia existen controversias a la hora de evaluar la relacién entre
el IMC y la fuerza muscular de agarre. Estudios previos han
encontrado una débil correlacion entre el IMC y la fuerza muscular
de agarre (Lopes et al., 2018) y contrastan con el resultado de otros
estudios donde informan que la fuerza muscular de agarre no esta
relacionada con el IMC (Kamarul et al., 2006). En relacién con la
DMO, presentar un IMC bajo (< 19 kg/m?), comporta un mayor
riesgo de osteoporosis y riesgo de fractura, sin embargo se ha
observado que la obesidad, puede aumentar el riesgo de algun tipo
de fractura periférica (Riancho et al., 2022). Aunque la evaluacion
del IMC en nuestro estudio mostré que el IMC medio calculado para
todo el grupo de mujeres estaba en el rango normal, hasta el 40,9%
de ellas tenian sobrepeso-obesidad. En nuestros resultados, no
encontramos ninguna correlacién entre el IMC y la fuerza muscular
de agarre (Garcia-Alfaro et al., 20222), pero si observamos que el
IMC medio de las mujeres con osteoporosis fue significativamente
menor, en comparacién con las mujeres con osteopenia y DMO

normal (Garcia-Alfaro et al., 2022°)

La adiposidad induce un estado proinflamatorio que se asocia con
una menor fuerza muscular y masa muscular. También estaria

asociada con un impacto negativo en la calidad 6sea (Bian et al.,



2017; Gkastaris et al., 2020). En nuestro estudio observamos que el
56,2% de las mujeres tenian mayor adiposidad que la media.
Encontramos una relacién significativa entre la fuerza muscular de
agarre y la adiposidad. Ademas, la adiposidad esta asociada a
mayor riesgo de presentar dinapenia (Garcia-Alfaro et al., 20222).
Una razén plausible podria estar en la asociacion entre un alto

contenido de masa grasa y una mala calidad muscular.

La actividad fisica tiene efectos beneficiosos sobre la masa
muscular, la fuerza muscular y el rendimiento fisico al estimular la
sintesis de proteinas musculares. El ejercicio fisico también tiene
efectos beneficiosos para alcanzar y mantener una buena masa
Osea, asi como para retrasar la aparicion de la osteoporosis
(Agostini et al.,, 2018). Realizar ejercicio regularmente durante la
edad media de la vida es eficaz para mantener la fuerza muscular y
el rendimiento fisico en etapas de edad avanzada (Akune et al.,
2014). Las mujeres de nuestro estudio que realizaban actividad
fisica moderada-alta tenian mayor fuerza muscular de agarre en
comparacion con las mujeres que realizaban una baja actividad
fisica (Garcia-Alfaro et al., 20222).

Existen varios estudios con resultados controvertidos en cuanto a la
relacion entre la fuerza muscular de agarre y la DMO. Algunos
estudios informaron una relacién positiva entre la fuerza muscular
de agarre y la DMO (Kim et al., 2012; Li et al., 2018), mientras que
otros no observaron ninguna relacién en mujeres posmenopausicas
(Bayramoglu et al., 2005; Lindsey et al., 2005). El analisis de la
DMO en nuestro estudio reveld que las puntuaciones medias del T-
score estaban en el rango de osteopenia. La fuerza de prension se



correlacioné con la DMO en columna lumbar, cuello femoral y
cadera total. Estos resultados son consistentes con estudios
previos. Ademas, en nuestro trabajo las mujeres con T-score mas
alto en cuello femoral presentan menor riesgo de tener dinapenia,
reforzando la asociacién entre la fuerza muscular de agarre y la
DMO (Garcia-Alfaro et al., 20222).

Con respecto al metabolismo mineral déseo, algun estudio ha
encontrado asociacién entre una mejor fuerza muscular y niveles
mas altos de vitamina D, calcio y fésforo (Verde et al., 2019). Por el
contrario, nuestro estudio no ha mostrado relacion entre la fuerza
muscular de agarre con el estado del metabolismo mineral éseo, lo
que sugiere que la regulaciéon endocrina fosfocalcica femenina se

ajusta al proceso de envejecimiento.

5.2 Vinculos entre las hormonas enddégenas con la fuerza
muscular de agarre y la DMO

La asociacién entre los niveles de estrogenos y la fuerza muscular
en mujeres postmenopausicas es ambigua, probablemente debido a
las diferentes edades y métodos de estudio y a la simplificacién de
los factores endocrinos involucrados. Algunos estudios reportan una
relacion entre los estrégenos y la fuerza muscular (Rolland et al.,
2007; Ciprinani et al., 2012), mientras que otros estudios no
encuentran una relacion consistente (Schaap et al.,, 2005;
Maddalozzo et al., 2004). En nuestra cohorte, la asociacién entre
estradiol y la fuerza muscular de agarre no fue significativa, aunque

curiosamente encontramos que los niveles plasmaticos mas altos



de hormona foliculo estimulante (FSH) se asociaron
significativamente en mujeres con dinapenia, expresando el ajuste
secundario del hipoestrogenismo global de la postmenopausia
(Garcia-Alfaro et al., 2023).

La disminucidn de los niveles de estrogeno que se produce durante
la transicion de la menopausia se asocia con la disminucién de la
DMO (Riggs et al., 2003; Rogers et al., 2002) y un mayor riesgo de
fracturas osteoporéticas (Finigan et al., 2012). Sin embargo, durante
el periodo postmenopausico, el efecto de los niveles séricos de
estradiol solo explica un pequeno porcentaje de la pérdida ésea, y
otros factores como la edad, la edad de la menopausia, los anos
transcurridos desde la menopausia, el IMC, la adiposidad, el
tabaquismo y la actividad fisica pueden afectar la DMO (Akdeniz et
al., 2009; Sullivan et al., 2017).

El efecto de los andrégenos sobre la fuerza muscular de agarre en
mujeres postmenopausicas no esti bien aclarado. Los niveles de
testosterona estan asociados con la masa muscular y algunos
estudios informan sobre la relacidn entre los niveles de testosterona
y la fuerza muscular (van Geel et al., 2009; Kong et al., 2019). Unos
bajos niveles plasmaticos de DHEAS se han asociado con el
desarrollo de enfermedad cardiovascular y mortalidad, asi como a
una débil fuerza muscular (Ohlsson et al., 2015; Kong et al., 2019)

La A4 androstendione, es una hormona esteroidea relacionada con
los estados de hiperandrogenismo, pero su relacién con la fuerza
muscular de agarre en mujeres postmenopausicas no ha sido
estudiada (Badawy et al., 2021). Nuestro analisis muestra que los

unicos niveles de androgenos asociados con la fuerza muscular de



agarre, fueron los niveles de DHEAS, pero esta relacién se pierde
tras el ajuste por la edad. Por lo tanto no hemos encontrado
asociacion entre la fuerza muscular de agarre y los andrégenos
estudiados (Garcia-Alfaro et al., 2023).

La relacidn entre los niveles de cortisol y la fuerza muscular de
agarre no esta aclarada. Peeters et al. (2008) no mostraron relacién
entre los niveles de cortisol plasmatico y la pérdida de la fuerza
muscular de agarre, aunque encontraron que los niveles altos de
cortisol salival estan asociados con un mayor riesgo de fuerza de
prension disminuida. También se ha encontrado una asociacion
positiva entre los metabolitos del cortisol urinario con la masa
muscular y la fuerza en las extremidades superiores en adultos
jovenes pero no en ancianos (Bochud et al., 2019). Respecto a los
diferentes resultados que se han encontrado entre los niveles de
cortisol y la fuerza muscular, podrian explicarse por el uso de
diferentes técnicas de determinacion de los niveles de cortisol, al
ser valorado en plasma, orina o saliva, segun cada estudio. En
nuestros resultados se observdé que las mujeres con dinapenia
tenian niveles de cortisol en plasma mas altos, pero tras realizar el
analisis multivariable no mostré una asociacién significativa entre
los niveles de cortisol y la fuerza manual de agarre (Garcia-Alfaro et
al., 2023).

Los niveles plasmaticos de IGF-1 disminuyen con la edad, tanto en
hombres como en mujeres (Landin-Wilhelmsen et al., 2004). Sin
embargo, el papel del IGF-1 en la pérdida de fuerza muscular
relacionada con la edad aun no esta claro. El género es un factor de

confusiéon en la asociacion entre IGF-1 y la fuerza muscular, al



encontrarse una relacion significativa entre los niveles de IGF-1 y la
fuerza muscular en mujeres pero no en hombres (Taekema et al.,
2011). Después del ajuste por edad, Cappola et al. (2001)
observaron una asociacion significativa entre IGF-1 y la fuerza
extensora de la rodilla, pero no con la antropometria y otras
medidas de fuerza. En su estudio, también encontraron una
correlacién significativa entre los niveles plasmaticos de IGF-1 y la
fuerza muscular, pero solo por debajo del umbral de IGF-1 de 50
Mg/L. En nuestra poblacidn estudiada, la media del nivel plasmatico
de IGF-1 esta por encima del umbral descrito previamente y
después de la correccion por las variables de confusion,
encontramos que los niveles plasmaticos de IGF-1 no estaban
asociados con la fuerza muscular de agarre (Garcia-Alfaro et al.,
2023).

A diferencia con otros estudios, para analizar la asociacion entre las
hormonas enddgenas y la fuerza muscular de agarre, en nuestro
estudio hemos utilizado un gréfico aciclico directo para identificar
las variables de confusion y se realiz6 un ajuste cuidadoso en el

modelo de regresion.

La relacion entre los niveles de vitamina D y la fuerza muscular de
agarrre muestran datos contradictorios. Algunos estudios previos
informan que los niveles bajos de vitamina D estan relacionados
con una fuerza de prension mas baja en mujeres posmenopausicas
(Aspell et al., 2019) y otros no muestran una asociacion significativa
(Kim et al., 2019). Estos resultados pueden deberse a diferentes
rangos de edad en las poblaciones examinadas y diferentes niveles



basales de vitamina D en suero. Ademas, la vitamina D afecta a la
fuerza muscular sélo cuando esta por debajo de un determinado
umbral, especialmente si los niveles séricos son <15 ng/ml y la
suplementacién con vitamina D en mujeres que no tienen
deficiencia de vitamina D no obtendria un beneficio significativo
(Lopez-Baena et al.,, 2020). La deficiencia de vitamina D es un
factor de riesgo asociado con el desarrollo de osteoporosis y tener
un umbral de vitamina D < 12 ng/ml (30 nmol/l) seria compatible con
la presencia de efectos adversos sobre la salud ésea (Institute of
Medicine., 2011). Nuestro trabajo no mostré asociacién entre los
niveles de vitamina D con la fuerza muscular de agarre vy
paraddjicamente, las mujeres con osteoporosis tenian niveles mas
altos de vitamina D que las mujeres con osteopenia y con un DMO
normal. En nuestra cohorte, no hubo mujeres con niveles
extremadamente bajos de vitamina D y este hecho puede ser una
posible explicacion de nuestros hallazgos (Garcia-Alfaro et al.,
2023).

Diversos estudios han examinado la relacion entre la PTH y la
fuerza muscular con resultados inconsistentes, debido a que
algunos estudios encuentran una asociacién estadisticamente
significativa (Dhesi et at., 2002), mientras que otros no la
encuentran (Marantes et al., 2011). En nuestro trabajo, no hemos
observado una asociaciéon entre PTH y la fuerza muscular de
agarre. Algunos estudios asocian los niveles de PTH con la
reduccion de la DMO (Bruce et al., 1999), pero nuestros resultados
identificaron que no habia diferencias en los niveles de PTH entre
las mujeres con osteoporosis, osteopenia y DMO normal, por lo que



este hecho podria justificar nuestros hallazgos (Garcia-Alfaro et al.,
2022)

5.3 Relacion entre la homocisteina con la fuerza de prension y
la DMO

La relacién entre la homocisteina y la fuerza muscular presenta
resultados controvertidos o inconsistentes. Swart et al. (2013)
observaron que los niveles elevados de homocisteina en plasma se
asocian con una menor fuerza de agarre solo en hombres mayores
y el seguimiento de tres afos no reveld una asociacion significativa
entre los cuartiles de homocisteina y la fuerza de agarre tanto en
hombres como en mujeres. En cambio, el Estudio Longitudinal de
Envejecimiento de Baltimore informé una relacion inversa
significativa entre la homocisteina y la fuerza de prensién en
mujeres, mientras que los resultados no fueron significativos en
hombres (Vidoni et al., 2018). En nuestros resultados, no
observamos una asociacién significativa entre los niveles de
homocisteina en plasma y la fuerza de agarre cuando se comparan
los terciles de homocisteina y tampoco observamos asociacion
entre la hiperhomocisteinemia y la dinapenia (Garcia-Alfaro et al.,
2022°). Una posible explicacién de nuestros resultados podria ser el
hecho de que nuestra cohorte presentaba una
hiperhomocisteinemia leve (< 30 pmol/l).

Del mismo modo, la relacién entre los niveles plasmaticos de
homocisteina y la DMO sigue siendo controvertida. Algunos
estudios previos han reportado que los niveles elevados de
homocisteina no estan relacionados con una DMO baja (Cagnacci



et al., 2008; Rumbak et al., 2012; Mittal et al., 2018), mientras que
otros estudios han observado una asociacion significativa entre los
niveles de homocisteina y la DMO (Bucciarelli et al., 2010; Ouzzif et
al., 2012; Bahtiri et al., 2015). Los resultados de nuestro estudio no
observo relacion entre los niveles de homocisteina y la DMO
(Garcia-Alfaro et al., 2022°).

Cuando comparamos los informes de los estudios anteriores con
nuestro estudio, se observa que existen ciertas diferencias.
Primero, en el estado menopausico de las mujeres, al incluir
mujeres con menopausia temprana o mujeres perimenopausicas.
En nuestro estudio, eran mujeres potsmenopausicas con una edad
media de menopausia dentro del rango normal. Segundo, respecto
a las zonas de interés 6seas involucradas en las evaluaciones.
Nuestro estudio analiz6é la columna lumbar, el cuello femoral y la
cadera total, mientras que otros estudios evaluaron solo la columna

lumbar o la cadera.

A partir de los resultados, incorporar la determinacion de la
homocisteina en la practica clinica diaria como marcador de la

fuerza muscular y la DMO, no tendria utilidad.



Limitaciones

El presente estudio tiene varias limitaciones:
- Su diserio transversal.
- El uso de solo una técnica para evaluar la funcién muscular.
- La falta de datos sobre el estado de folato y vitamina B12.
- El efecto longitudinal de las hormonas estudiadas sobre la

fuerza muscular que no ha sido posible analizar.

Puntos fuertes

Sin embargo, nuestro trabajo también tiene ciertos puntos fuertes:

- Incluye una muestra relativamente grande de mujeres
postmenopausicas.

- Las mediciones de la fuerza muscular de agarre se realizaron
con el mismo dinamdmetro, siendo una sencilla forma de
medida para llevar a cabo esta determinacion.

- Todas las mediciones de la DMO se realizaron con el mismo
densitdmetro con un control de calidad mediante un estandar
de referencia o fantoma de densidad conocida.

- Las determinaciones biogquimicas se midieron en el mismo
laboratorio con controles de calidad establecidos y uniformes.

- En alguno de nuestros estudios, para identificar las variables de
confusion utilizamos un grafico aciclico directo y se realiz6 un
ajuste cuidadoso para los factores de confusion en el modelo
de regresion.



6. CONCLUSIONES

1. La fuerza muscular de agarre esta asociada con la edad de la

menopausia, la adiposidad y la baja DMO ajustada por la edad.

2. La edad y la adiposidad estan asociadas de forma directa a un

mayor riesgo de dinapenia.

3. La DMO en cuello femoral esta asociada de forma inversa con el

riesgo de dinapenia.

4. La fuerza muscular de agarre no esta asociada con las hormonas
endogenas estudiadas: FSH, estradiol, testosterona, Cortisol
DHEAS, A4 androstendiona, IGF-1, Vitamina D y PTH.

5. Las mujeres con osteoporosis tienen mayor edad que las mujeres

con osteopenia y DMO normal.

6. Las mujeres con osteoporosis tienen menor edad de la
menopausia y menor IMC que las mujeres con osteopenia y DMO

normal.

7. Los niveles de homocisteina no estan relacionados con la fuerza

muscular de agarre.

8. Los niveles de homocisteina no estan relacionados con la DMO a

nivel lumbar, cuello femoral o cadera total.
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