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Resumen

El sindrome metabdlico (SM), caracterizado por una combinacion de obesidad,
dislipidemia, hipertensién arterial y resistencia a la insulina, representa un desafio
global en salud publica. Esta tesis examina en profundidad cémo el SM afecta la
incidencia, la supervivencia y la esperanza de vida restante (RLE) en 13 tipos de
cancer (colorrectal, prdstata, higado, vejiga, endometrio, pancreas, mama,
pulmoén, rindn, tiroides, linfoma de Hodgkin, linforma de no Hodgkin y leucemia). El
estudio utiliza una base de datos poblacional de Cataluna (SIDIAP) con casi seis
millones de individuos, junto con los datos de mortalidad del Instituto Nacional de
Estadistica (INE). Mediante el uso de disefios epidemiolégicos de casos y controles
y de cohortes, combinados con métodos estadisticos avanzados, esta
investigacion proporciona un analisis sélido y una comprension integral de estas
interacciones complejas.

Los resultados demuestran una asociacion estadisticamente significativa entre el
SM y un incremento en el riesgo de canceres como endometrio, higado, riAdn,
pancreas, tiroides, leucemia, vejiga, colorrectal, linfoma no Hodgkin, pulmoén vy
mama postmenopausico. Cabe destacar que la acumulacién de componentes del
SM eleva el riesgo de cancer mas que los componentes individuales. Este hallazgo
resalta la necesidad de abordar el SM como una entidad integrada en lugar de
centrarse Unicamente en sus elementos aislados.

El andlisis revela que las combinaciones especificas de componentes del SM
influyen de manera significativa en el riesgo de cancer. Algunas combinaciones,
como unareduccion en las lipoproteinas de alta densidad (HDL) junto con glucemia
elevada, tienen un impacto particularmente elevado en la incidencia de cancer.
Aunque estos dos factores presentan la mayor influencia en ambos sexos cuando
se examinan de manera individual, al analizar las combinaciones de dos
componentes se observa que en hombres la asociacion "HDL+Glucemia" es lamas
determinante, mientras que en mujeres destaca la combinacidén
"HDL+Hipertension Arterial”.

En los analisis de supervivencia, los resultados indican que el SM reduce
significativamente la RLE tras un diagnéstico de cancer, con diferencias marcadas
segun el sexo. En hombres, los canceres de higado, pulmdn y vejiga muestran las
mayores reducciones en la RLE, mientras que en mujeres los mas afectados son los
canceres ginecolodgicos, como el endometrial y el de mama. Estos hallazgos
destacan la importancia de integrar consideraciones de sexo en la gestion del
cancer en pacientes con SM, abordando diferencias biolégicas y hormonales.

El uso de métricas como los ahos de vida perdidos (LYL) afhade una perspectiva
Unica al analisis y permite una evaluaciéon mas completa del impacto del SM en la
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supervivencia. Los resultados de LYL son complementarios a los de RLE, ademas
se observa un aumento en los LYL por cancer conforme se incrementa el nimero
de componentes del SM, mientras que los LYL por otras causas disminuyen.
Combinando estas métricas con herramientas como las curvas de Kaplan-Meier,
se obtiene una comprensidon detallada del impacto del SM en horizontes
temporales tanto inmediatos como prolongados, ofreciendo datos valiosos para el
diseno de intervenciones mas personalizadas y efectivas.

Los resultados de esta investigacion presentan implicaciones significativas para la
salud publica, subrayando la necesidad de estrategias preventivas que aborden el
SMde forma global. Las diferencias observadas entre hombres y mujeres refuerzan
la relevancia de adaptar las intervenciones segun el sexo, considerando las
variaciones bioldgicas y de estilo de vida. Asimismo, los hallazgos resaltan la
importancia de incorporar la salud metabdlica en las politicas de prevencién del
cancer, buscando reducir la carga de ambas enfermedades de manera conjunta.

En conclusion, a medida que se incrementa el niumero de componentes del SM,
también aumentan el riesgo y la incidencia de cancer, asi como disminuye la
esperanza de viday su RLE en personas con diagndéstico de cancer. La combinacién
de mayor riesgo de cancer, tanto en hombres como en mujeres, fue
“HDL+Glucemia+Hipertensién Arterial”. Esta tesis aporta evidencia sélida sobre el
impacto del SM en la incidencia y progresion del cancer. Al integrar anélisis
innovadores con datos poblacionales de alta calidad, este trabajo ofrece una base
para mejorar las estrategias de salud publica y las practicas clinicas, ayudando en
ultima instancia a mitigar el impacto dual del SM y las enfermedades oncoldgicas.
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Abstract

Metabolic Syndrome (MS), characterized by a combination of obesity, dyslipidemia,
hypertension, and insulin resistance, presents a significant global public health
challenge. This thesis provides an in-depth examination of how MS affects the
incidence, survival, and remaining life expectancy (RLE) of 13 types of cancer
(colorectal, prostate, liver, bladder, endometrial, pancreatic, breast, lung, kidney,
thyroid, Hodgkin’s lymphoma, non-Hodgkin’s lymphoma, and leukemia). The study
utilizes a population-based database from Catalonia (SIDIAP) covering nearly six
million individuals, alongside mortality data from the National Institute of Statistics
(INE). By employing epidemiological case-control and cohort designs combined
with advanced statistical methods, this research offers a robust and
comprehensive analysis understanding of these complex interactions.

The findings demonstrate a statistically significant association between MS and an
increased risk of cancers, including endometrial, liver, kidney, pancreatic, thyroid,
leukemia, bladder, colorectal, non-Hodgkin’s lymphoma, lung, and
postmenopausal breast cancer. Notably, the accumulation of MS components
increases cancer risk beyond the effect of individual components. This finding
underscores the need to address MS as a holistic entity rather than focusing solely
on its isolated elements.

The analysis reveals that specific combinations of MS components significantly
impact cancer risk. Some combinations, such as reduced high-density lipoproteins
(HDL) along with elevated blood glucose levels, have a particularly strong influence
on cancerincidence. While these two factors individually exert the greatest effectin
both sexes, when analyzing combinations of two components, the "HDL+ Glucose"
association is the most significant in men, whereas in women, the
"HDL+Hypertension" combination stands out.

In survival analyses, the results indicate that MS significantly reduces RLE after a
cancer diagnosis, with marked differences by sex. In men, liver, lung, and bladder
cancers show the greatest reductions in RLE, whereas in women, gynecological
cancers, such as endometrial and breast cancer, are the most affected. These
findings highlight the importance of integrating sex considerations into cancer
management for MS patients, addressing biological and hormonal differences.

The use of metrics such as life years lost (LYL) provides a unique perspective to the
analysis, enabling a more comprehensive assessment of MS’s impact on survival.
The LYL results complement those of RLE, showing that LYL due to cancerincreases
as the number of MS components rises, while LYL from other causes decreases. By
combining these metrics with tools such as Kaplan-Meier curves, this study
provides a detailed understanding of MS’s impact on both immediate and long-term
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survival horizons, offering valuable insights for designing more personalized and
effective interventions.

The findings of this research have significant public health implications,
underscoring the need for preventive strategies that address MS holistically. The
observed differences between men and women reinforce the relevance of tailoring
interventions based on sex, considering both biological and lifestyle variations.
Furthermore, the results highlight the need to incorporate metabolic health into
cancer prevention policies to jointly reduce the burden of both diseases.

In conclusion, as the number of MS components increases, cancer risk and
incidence rise, while life expectancy and RLE decrease in individuals with a cancer
diagnosis. The highest-risk combination for cancer, in both men and women, was
“HDL+Glucose+Hypertension.” This thesis provides strong evidence on the impact
of MS on cancer incidence and progression. By integrating innovative analyses with
high-quality population data, this work establishes a foundation for improving
public health strategies and clinical practices, ultimately helping to mitigate the
dualimpact of MS and oncological diseases.
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Resum

La sindrome metabolica (SM), caracteritzat per una combinacié d'obesitat,
dislipémia, hipertensioé arteriali resisténcia alainsulina, representa un desafiament
global en salut publica. Aquesta tesi examina en profunditat com la SM afecta la
incidéncia, la supervivenciail'esperanca de vida restant (RLE) en 13 tipus de cancer
(colorectal, prostata, fetge, bufeta, endometri, pancrees, mama, pulmad, ronyo,
tiroide, limfoma de Hodgkin, limfoma de no Hodgkin i leucémia). L'estudi utilitza una
base de dades poblacional de Catalunya (SIDIAP) amb gairebé sis milions
d'individus, juntament amb la dades de mortalitat de LlInstitut Nacional
d'Estadistica (INE). Mitjancant l'Us de dissenys epidemioldgics de casos i controls i
de cohorts, combinats amb métodes estadistics avangats, aquesta investigacio
proporciona una analisi solida i una comprensio integral d'aquestes interaccions
complexes.

Els resultats demostren una associaci6 estadisticament significativa entre la SM i
unincrement en elrisc de cancers com a endometri, fetge, ronyd, pancrees, tiroide,
leucémia, bufeta, colorectal, imfoma no Hodgkin, pulmdé i mama postmenopausic.
Cal destacar que 'acumulacié de components de la SM eleva el risc de cancer més
que els components individuals. Aquesta troballa ressalta la necessitat d'abordar
la SM com una entitat integrada en lloc de centrar-se Unicament en els seus
elements aillats.

L'analisi revela que les combinacions especifiques de components de la SM
influeixen de manera significativa en el risc de cancer. Algunes combinacions, com
una reduccio en les lipoproteines d'alta densitat (HDL) juntament amb glucémia
elevada, tenen un impacte particularment elevat en la incidéncia de cancer. Si bé,
individualment, aquests dos factors presenten la major influéncia en tots dos
sexes, en analitzar les combinacions de dos components s'observa que en homes

l'associacié "HDL+Glucemia" és la més determinant, mentre que en dones destaca
la combinacioé "HDL+Hipertensié Arterial”.

En les analisis de supervivéncia, els resultats indiquen que la SM redueix
significativament la RLE després d'un diagnostic de cancer, amb diferéncies
marcades segons el sexe. En homes, els cancers de fetge, pulmé i bufeta mostren
les majors reduccions en la RLE, mentre que en dones els més afectats sén els
cancers ginecologics, com l'endometrial i el de mama. Aquestes troballes
destaquen la importancia d'integrar consideracions de sexe en la gestid del cancer
en pacients amb SM, abordant diferéncies bioldgiques i hormonals.

L'as de metriques com els anys de vida perduts (LYL) afegeix una perspectiva Unica
a l'analisi, permetent una avaluacié més completa de l'impacte de la SM en la
supervivencia. Els resultats de LYL son complementaris als de RLE, a part que
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s'aprecia que s'observa un augment en els LYL per cancer conforme s'incrementa
el nombre de components de la SM, mentre que els LYL per altres causes
disminueixen. Combinant aquestes meétriques amb eines com les corbes de
Kaplan-Meier, s'obté una comprensio detallada de l'impacte de la SM en horitzons
temporals tant immediats com prolongats, oferint dades valuoses per al disseny
d'intervencions més personalitzades i efectives.

Els resultats d'aquesta recerca presenten implicacions significatives per a la salut
publica, subratllant la necessitat d'estrategies preventives que abordin la SM de
manera global. Les diferéncies observades entre homes i dones reforcen la
rellevancia d'adaptar les intervencions segons el sexe, considerant les variacions
biologiques i d'estil de vida. Aixi mateix, les troballes ressalten la importancia
d'incorporar la salut metabolica en les politiques de prevencié del cancer, buscant
reduir la carrega de totes dues malalties de manera conjunta.

En conclusié, a mesura que s'incrementa el nombre de components de la SM,
també augmenten elrisc i la incidencia de cancer, aixi com disminueix l'esperanga
devidaila seva RLE en persones amb diagnostic de cancer. La combinacié de més
risc de cancer, tant en homes com en dones, va ser “HDL+Glucémia+Hipertensié
Arterial”. Aquesta tesi aporta evidencia solida sobre l'impacte de la SM en la
incidéncia i progressio del cancer. En integrar analisis innovadores amb dades
poblacionals d'alta qualitat, aquest treball ofereix una base per a millorar les
estrategies de salut publicai les practiques cliniques, ajudant en Ultima instancia a
mitigar l'impacte dual de la SM i les malalties oncologiques.
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1. INTRODUCCION

Este apartado establece el marco conceptual fundamental para contextualizar la
investigacion presentada. En primer lugar, se analiza el cancer, reconocido como
una de las principales causas de muerte a nivel global. A continuacion, se detalla
el sindrome metabdlico (SM), una agrupacidon de disfunciones metabdlicas
interrelacionadas cuya prevalencia continua en aumento. Después se explora la
conexion existente entre el SMy el cancer, sentando las bases para comprender la
importancia de este estudio. Por ultimo, se explica el contexto de las
investigaciones con informacion de Real Word Data (RWD).

1.1 CANCER

1.1.1 Epidemiologia del cancer

En los ultimos anos, la carga del cancer ha seguido aumentando a nivel mundial,
con diferencias notables segun la region, el sexo, la edad y diversos factores
demograficos y socioecondmicos. El riesgo de desarrollar cancer incrementa
considerablemente con la edad, destacandose en personas mayores de 50 afios.
Mientras el cancer de mamay de préstata son especificos de un sexo, otros, como
el de pulmdn y colorrectal, afectan a ambos sexos con altas incidencias. En 2022,
se reportaron 2,5 millones de nuevos diagndsticos de cancer de pulmén y 1,8
millones de cancer colorrectal, reflejando su alta incidencia a nivel mundial [1-3].

1.1.2 Distribucion geografica y tendencias globales

El cancer no afecta a todas las regiones del mundo de la misma manera. Las tasas
de incidencia y mortalidad varian considerablemente, con diferencias marcadas
entre las naciones de ingresos altos y aquellas en vias de desarrollo [4,5]. En paises
con altos niveles socioecondmicos, como Europa Occidental, EE.UU. y Canada, el
incremento en la incidencia de cancer se asocia con factores como el tabaquismo,
la obesidad y el consumo de alcohol, ademas de un envejecimiento poblacional
que aumenta la exposicidn a estos riesgos [6,7]. Sin embargo, estos paises también
suelen tener sistemas de salud mas robustos, que permiten una mejor deteccién
temprana y tratamientos mas efectivos, lo que a menudo resulta en tasas de
supervivencia mas altas [6,8].

En Espaha, las areas urbanas presentan tasas mas altas debido a factores
ambientales y socioecondmicos. Asi, los niveles socioecondmicos bajos se
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asocian con mayor riesgo, menor supervivencia y mayores tasas de mortalidad,
influenciados por factores como tabaquismo y acceso desigual a la salud [9-12].

1.1.3 Incidencia y mortalidad
Incidencia

El cancer ocupa un lugar prominente entre las principales causas de enfermedady
mortalidad a nivel global, planteando un reto significativo para los sistemas
sanitarios. Segun la Agencia Internacional para la Investigacion del Cancer (IARC),
en 2022 se registraron aproximadamente 20,0 millones de nuevos casos de cancer
en todo el mundo [1,2]. En Europa, se estima que mas de 3,7 millones de nuevos
casos se diagnostican cada afio [13].

En Espana, la incidencia del cancer ha mostrado un aumento continuo en las
ultimas décadas, impulsado en parte al aumento de la exposicion a diversos
determinantes asociado al riesgo [3]. Segun los datos de la Sociedad Espafiola de
Oncologia Médica (SEOM), en 2020 se estimaron alrededor de 277.000 nuevos
casos de cancer en el pais, con incidencias ajustadas por edad de 601,2 y 420,1
casos por 100.000 habitantes en hombres y mujeres, respectivamente. En Espafa,
los canceres mas frecuentes incluyen el de mama, préstata, colorrectal, pulmény
vejiga [3].

En Catalufa, una de las regiones con mayor poblacién de Espafa, los patrones de
incidencia reflejan las tendencias nacionales, aunque presentan ciertas
particularidades. En 2023, se registraron 44.793 nuevos casos de cancer en
Cataluna, con una incidencia ajustada por edad ligeramente superior a la media
nacional, especialmente en hombres [14]. En términos generales, el cancer
colorrectal es el mas frecuente en Cataluia considerando ambos sexos, mientras
que en hombres predomina el cancer de préstata y en mujeres, el de mama. El
siguiente cancer mas frecuente es el de pulmén, fuertemente asociado al
tabaquismo.

Mortalidad

Segun la Agencia Internacional para la Investigacion del Cancer (IARC), en 2022 se
registraron aproximadamente 9,7 millones de muertes atribuibles al cancer en el
mundo. En Europa, el cancer es la segunda causa principal de fallecimiento, solo
superada por las enfermedades cardiovasculares, con mas de 1,9 millones de
muertes [13].
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En Espafa, las tasas de mortalidad por cancer han seguido una disminucion
constante en las ultimas décadas, con una reduccidn ajustada por edad del 1,3%
anual en hombresy del 1,0% en mujeres entre 1990y 2020 (Figura 1). Sin embargo,
el cancer sigue siendo responsable de una de cada cuatro muertes, con
aproximadamente 112.000 fallecimientos en 2020 (Figura 2). En los hombres, los
canceres de pulmodn, prostata y colorrectal presentan las tasas de mortalidad mas
altas, mientras que, en las mujeres, el cancer de mama constituye la principal
causa de fallecimiento (debido a la alta incidencia, pues tiene baja mortalidad),
seguido por los canceres de pulmény colorrectal [1,3].

Figura 1. Evolucién temporal de la mortalidad estandarizada por tumores en
Espafa.

e MUJERES e====HOMBRES

Elaboracién propia.
Fuente: Estadistica de defunciones segun la causa de muerte, INE.
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Figura 2. Tasa estandarizada por edad por 100.000. Incidencia y mortalidad.
Ambos sexos, en 2022 Espana (15 principales localizaciones de cancer).
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En Catalufa, las cifras reflejan patrones similares a nivel nacional, con ciertas
particularidades. En 2020, se reportaron alrededor de 17.000 fallecimientos
atribuibles al cancer, con una tasa ajustada por edad de 263,5 muertes por cada
100.000 habitantes en hombresy 147,8 muertes por 100.000 en mujeres. El cancer
de pulmodn lidera las tasas de mortalidad en hombres, seguido por los canceres
colorrectal y de vejiga. En mujeres, el cancer de mama es el que presenta tasas de
mortalidad mas altas, seguido por los canceres colorrectaly de pulmoén. Aunque el
cancer de mama presenta una alta tasa de supervivencia, su elevada incidencia
contribuye significativamente al nimero total de muertes. En particular, elaumento
en las muertes por cancer de pulmoén en mujeres refleja el impacto del tabaquismo
y su creciente prevalencia en este grupo [14,15]. Las estadisticas actualizadas de
incidencia, mortalidad y supervivencia del cancer en Cataluha se resumen en la
Figura 3.
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Figura 3. Estadisticas del cancer en Cataluna en el afio 2023 (estimaciones de la

incidencia, mortalidad y supervivencia del cancer).

Estadistiques del cancer a Catalunya en I’'any 2023
(estimacions de la incidéncia, mortalitat i supervivéncia del cancer)

Localitzacio N

Bufeta urinana, maligne 1471
Fetge 849
Total (exclés pell no melanoma) 23.945

Prostata 4850 Mama
Colorectal 4277 Colorectal
Pulmo 3.7139 Pulmo

Incidéncia del cancer (tumors malignes): cinc primers tumors i total

Localitzacio

Cos uteri
Pancrees

Total (exclés pell no melanoma) 18.166

N
5.337
2644
1.245

848
681

Localitzacio N

Fetge 565
Total (exclés pell no melanoma) 10.102

Mortalitat per cancer: cinc primers tumors i total

Localitzacio

Pulmo 2.589 Mama
Colorectal 1.365 Colorectal
Prostata 868 d Pulmo
Pancrees 633 Pancrees

QOvari | annexos

Total (exclés pell no melanoma) 6.815

N
1.067
955
872
615
345

Incidéncia (1) i mortalitat (M) per
cancer: nombre de casos per
o~ demarcacio

e’

M: 11339,
'"'f I:1.913 __\_.r"—f-
\?MT&Q -~

(& 2

< S

L‘JJ’

Supervivéncia relativa (%) als cinc
anys del diagnostic de cancer

d

93,7%

Alta supervivencia
Testicle (93,8%)
Prostata (90,8%)

Baixa supervivéncia
Sistema nervids (15,5%)
Pancrees (8,0%)

?

65,3%

Alta supervivéncia
Tiroide (97,7%)
Mama (89,3%)

Baixa supervivéncia
Bufeta biliar (12,4%)
Pancrees (10,4%)

Elaboracio: Pla director d'oncologia.

Fonts d'informacio: registres de cancer de Girona, Lieida i Tarragona; Registre de mortalitat de Catalunya.

Fuente: Pla director d’oncologia [16].



Capitulo 1. Introduccion 22

La supervivencia del cancer varia considerablemente segun el tipo de tumor, la
etapa al momento del diagndstico y los tratamientos disponibles [17]. Tumores
como los de pulmoén y pancreas son agresivos, con metastasis temprana [18],
mientras que los de tiroides diferenciados y préstata en estadios iniciales progresan
lentamente, permitiendo tratamientos conservadores con buenos resultados [19].
La deteccion temprana, a través de programas de cribado, ha demostrado ser
fundamental para aumentar la supervivencia, particularmente en los canceres de
mama, colorrectal y cervical [14,20-22]. Por ejemplo, las tasas de supervivencia a
cinco anos son altas para casos detectados tempranamente, como el cancer de
mama (99%) y el de colon (90%), pero significativamente mas bajas en casos
avanzados, como el cancer de pulmén o pancreas [23-25].

Los avances terapéuticos, como la inmunoterapia y las terapias dirigidas, han
transformado el prondstico de ciertos tipos de cancer. Factores prondsticos, como
el tamafo del tumor y biomarcadores genéticos, desempefan un papel clave en la
planificacion del tratamiento y el pronéstico [26,27]. Ademas, es fundamental
garantizar el bienestar de los sobrevivientes mediante un abordaje integral del
dolor, rehabilitacién adecuada y apoyo psicoldgico [23,28-30].

Aunque la mortalidad por cdncer muestra una tendencia descendente, sigue
representando un desafio significativo para la salud publica. La investigacion, la
vigilancia epidemiolégica continua y el desarrollo de estrategias innovadoras de
prevencion y tratamiento son esenciales para enfrentar esta amenaza de manera
efectiva.
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1.1.4 Factores de riesgo

El cancer es una enfermedad compleja determinada por multiples factores de
riesgo, incluidos los modificables como el tabaquismo, la obesidad, el
sedentarismo, los habitos alimenticios inadecuados, laingesta excesiva de alcohol
y la exposicion a carcindgenos ambientales, asi como por factores no modificables,
como la edad y la predisposicion genética [31]. El tabaquismo representa el
principal factor de riesgo prevenible para el cancer, relacionado con una amplia
variedad de tumores, mientras que la obesidad eleva el riesgo oncolégico mediante
mecanismos como la inflamacién crénica y el aumento de los niveles de glucosa
en sangre [32]. La dieta rica en carnes procesadas, el sedentarismo y las
infecciones crénicas por virus como el VPH también son relevantes. Por su parte,
los factores no modificables, como las mutaciones genéticas hereditarias (por
ejemplo, BRCA1 y BRCA2) y el avance en la etapa de la vida, incrementan la
probabilidad de acumulacion de mutaciones y fallos inmunitarios en la deteccidon
de células cancerosas [33]. La interaccion entre factores genéticos y ambientales
destaca la complejidad del cancer, subrayando la necesidad de estrategias
preventivas dirigidas a factores modificables [34]. Entre estos factores
modificables, existe el Sindrome Metabdlico (SM) y el presente trabajo trata de
evaluar su papel tanto en laincidencia como en la esperanza de vida [35].
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1.2 SINDROME METABOLICO

El sindrome metabdlico (SM) se define como la concurrencia de varios factores
metabodlicos que se presentan de manera simultanea en un individuo, lo que
incrementa notablemente la probabilidad de desarrollar enfermedades
cardiovasculares, diabetes tipo 2 y ciertos tipos de cancer [36]. ELSM no se clasifica
como una enfermedad Unica, sino como un conjunto de trastornos
interrelacionados queincluyen obesidad central, hipertension arterial, disminucion
de HDL, elevacién de triglicéridos y hiperglucemia [37]. La prevalencia creciente del
SM a nivel mundial ha despertado alarma en la comunidad médica por su impacto
en la salud publicay su contribucién a enfermedades crénicas [38].

1.2.1 Definicion y criterios diagnodsticos

El SM ha sido definido por diversas organizaciones internacionales y, aunque
existen ligeras variaciones en los criterios diagndsticos, la mayoria coincide en los
componentes esenciales. Los criterios diagnésticos mas ampliamente utilizados
son los del National Cholesterol Education Program Adult Treatment Panel lll (NCEP
ATP 1ll) y los de la Federacién Internacional de Diabetes (IDF) [39,40]. De acuerdo
con estos criterios, el diagndstico del SM se establece cuando una persona
presenta al menos tres de los siguientes factores de riesgo:

1. Obesidad central: Generalmente medida por la circunferencia de la cintura,
con umbrales especificos dependiendo del sexo y la poblaciéon. Para los
europeos, se considera obesidad central cuando la circunferencia de la
cintura es mayor de 102 cm en hombres y 88 cm en mujeres.

2. Hipertensiodn arterial: Una presidn arterial sistélica de 130 mm Hg o mas,
una presion arterial diastélica de 85 mm Hg o mas, o el uso de
medicamentos antihipertensivos.

3. Hiperglucemia: Niveles de glucosa en ayunas de 100 mg/dL o mas, o el uso
de medicamentos para reducir el azlicar en sangre.

4. Hipertrigliceridemia: Niveles de triglicéridos en sangre superiores a 150
mg/dL.

5. Colesterol HDL bajo: Niveles de HDL inferiores a 40 mg/dL en hombres y 50
mg/dL en mujeres.

La coexistencia de estos factores aumenta de forma considerable el riesgo de
complicaciones graves, como infartos de miocardio, accidentes cerebrovasculares
y diabetes [41]. Ademas, cada uno de estos componentes esta interrelacionado, lo
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que significa que la presencia de uno de ellos a menudo lleva al desarrollo de otros,
formando un ciclo vicioso que agrava la situacién del paciente [42].

1.2.2 Epidemiologia del sindrome metabdlico

ELSM ha alcanzado el nivel de una epidemia global, afectando a aproximadamente
el 25% de la poblacion adulta en todo el mundo [42]. En Europa, la prevalencia varia
entre el 20% y el 30%, con cifras similares en Espana [43]. En Cataluna, la
prevalencia del SM ha mostrado un incremento constante, lo que refleja las
tendencias observadas en otras partes de Europa y el mundo. Este aumento se
debe en gran parte a cambios en los habitos alimenticios, una tendencia hacia la
inactividad fisica y la creciente proporcién de individuos mayores dentro de la
poblacion [44].

Aunque el SM predomina en adultos de mediana edad y mayores, también se ha
registrado un incremento alarmante entre jovenes y adolescentes, particularmente
aquellos con obesidad [45]. La urbanizacion, la disponibilidad de alimentos
altamente procesados y la disminucidon de los niveles de ejercicio fisico son
factores que han contribuido a este aumento [46]. Ademas, se observan
variaciones en la prevalencia del SM segun el sexo, siendo mas elevada en hombres
en algunos estudios, mientras que en otros se identifica una prevalencia mas alta
en mujeres postmenopausicas [47].

Etiologia

El desarrollo del SM surge de la interaccion multifactorial entre componentes
genéticos y ambientales [48]. La resistencia a la insulina, considerada un
mecanismo central en el desarrollo del SM, se caracteriza por una respuesta
deficiente de las células corporales a la insulina, lo que fuerza al pancreas a
incrementar su produccién de insulina para regular los niveles de glucosa en sangre
[49]. Esta hiperinsulinemia crénica no solo contribuye a la hiperglucemia, sino que
también esta relacionada con el aumento de la presidn arterial, alteraciones
lipidicas y la obesidad abdominal [50].

La obesidad, especialmente la visceral, desempefa un rol clave del SM. La
acumulacion de grasa abdominal no solo es un indicador de riesgo cardiovascular,
sino que también esta asociada con un aumento en la liberacién de citoquinas
proinflamatorias, que pueden exacerbar la resistencia a la insulina y favorecer un
estado de inflamacidon crénica de bajo grado. Esta inflamaciéon croénica,
caracteristica del SM, es un mecanismo subyacente que contribuye a
complicaciones como la aterosclerosis y el aumento del riesgo de cdncer [51].
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Los factores genéticos también tienen un papel relevante en la predisposicion al
SM. Variantes genéticas que afectan la regulacién del peso, la tolerancia a la
insulinay laregulacion lipidica, pueden aumentar la susceptibilidad de un individuo
al sindrome. Sin embargo, la expresion de estos factores genéticos a menudo se ve
amplificada por factores ambientales y habitos de vida, como una dieta alta en
calorias, grasas saturadas y azucares refinados, asi como la falta de ejercicio [52].
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1.3 RELACION ENTRE EL SINDROME METABOLICO Y CANCER

El SM abarca una serie de alteraciones metabdlicas, todas ellas vinculadas a un
incremento en la probabilidad de desarrollar trastornos crénicos, como problemas
cardiovasculares, la diabetes tipo 2 y distintos tipos de cancer [35,53]. La obesidad
central, caracterizada por la acumulacién de grasa en la regién abdominal, es uno
de los componentes clave del SMy esta fuertemente vinculada con el desarrollo de
neoplasias malignasy enfermedades metabdlicas. Sus efectos se explican a través
de mecanismos como la inflamacién persistente de bajo nivel, la reduccién de la
eficacia de lainsulina y alteraciones hormonales, que crean un ambiente favorable
para el crecimiento celular y la progresiéon tumoral [54]. Asimismo, su prevalencia
global ha aumentado de manera alarmante en las Ultimas décadas, especialmente
en poblaciones con estilos de vida sedentarios y dietas hipercaléricas [55]. La
hipertension arterial, otro componente central del SM, es un elemento importante
no solo para patologias cardiovasculares, sino también para la aparicion delcancer.
Se ha evidenciado que la disfuncidon endotelial, la inflamacién vascular y la
activacion del sistema renina-angiotensina-aldosterona son mecanismos clave en
su fisiopatologia [56]. Estas alteraciones no solo dafan los vasos sanguineos, sino
que también promueven un entorno proinflamatorio sistémico que favorece la
progresion tumoral [57,58]. Por otro lado, la hiperglucemia crénica cumple una
funcion clave en la disfuncion metabolica asociada al SM. El estrés oxidativo y la
produccion de compuestos avanzados de glicacién resultantes de niveles elevados
de glucosa en sangre contribuyen al dafio celular y a un ambiente proinflamatorio,
lo cual favorece el desarrollo y la progresion del cancer [59]. Asimismo, la
hiperglucemia proporciona una fuente de energia para las células malignas,
potenciando su proliferacién y su capacidad de invasién [60]. La
hipertrigliceridemia, caracterizada por niveles elevados de triglicéridos en sangre,
no solo incrementa elriesgo cardiovascular, sino que también esta asociada conun
estado proinflamatorio que puede contribuir a la carcinogénesis [61]. Los cambios
en el metabolismo de los lipidos desempenan un rol significativo en la proliferacion
celulary en la progresion de tumores, especialmente en el marco de la obesidad y
el SM. Finalmente, la disminucidon en las concentraciones de colesterol HDL
exacerba las alteraciones metabdlicas, comprometiendo sus funciones
antioxidantes y antiinflamatorias esenciales para la proteccién vascular [62]. Sin
embargo, en presencia del SM, no solo se reduce la cantidad de HDL, sino también
su funcionalidad, lo cual limita su capacidad protectora y podria favorecer el
desarrollo de enfermedades neoplasicas [63].
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La prevalencia del SM ha ido aumentando a nivel global, y con ella se ha
intensificado el interés en comprender cdémo este sindrome contribuye al riesgo de
cancer [64]. Larelacion entre elSMy el cancer no es simplemente una coincidencia
epidemioldgica, sino que refleja una interseccién compleja de procesos bioldgicos
y fisiopatoldégicos que promueven la carcinogénesis (Figura 4) [65]. El SM, que
afecta a una proporcion significativa de la poblacion adulta, ha sido implicado en el
riesgo aumentado de varios tipos de cancer, incluyendo el cancer de mama, colon,
higado, pancreasy préstata [66-70]. Esta conexidon es particularmente preocupante
porque tanto el SM como el cancer comparten factores de riesgo comunes, como
el exceso de peso y el sedentarismo, que son modificables mediante
modificaciones en los habitos de vida [71,72].

Figura 4. Relacion entre diferentes factores del Sindrome Metabdlicoy la
incidencia y mortalidad del cancer
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Mas alla del riesgo de desarrollar cancer, el SM también tiene un impacto
significativo en el prondstico y la mortalidad de los pacientes ya diagnosticados
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[65,73]. La evidencia sugiere que los pacientes oncoldgicos que presentan SM
tienen peores resultados clinicos, incluyendo una mayor mortalidad global, un
incremento en el riesgo de recurrencia del cancer y una menor respuesta al
tratamiento [74-77]. Diversas investigaciones han evidenciado que la probabilidad
de mortalidad en estos pacientes es significativamente mayor en comparacioén con
aquellos sin el SM [78-80]. Estos efectos negativos pueden ser atribuidos a factores
interrelacionados, como la inflamacidn sistémica persistente, la resistencia a la
insulina y las disfunciones metabdlicas, que no solo exacerban la progresion
tumoral, sino que también reducen la eficacia de las terapias oncoldgicas vy
comprometen el control de la enfermedad [81].

Larelevancia de abordar esta interrelacion radica en que la gestion eficaz del SM no
solo podria prevenir enfermedades cardiovasculares, sino también reducir la
incidencia, la mortalidad y las recurrencias en ciertos tipos de cancer. Comprender
en profundidad los mecanismos subyacentes que vinculan el SM con la apariciony
evolucion del cancer podria abrir nuevas oportunidades para la prevencion, el
diagndstico temprano y la gestion terapéutica, permitiendo enfoques mas
integrales y personalizados. La investigacion en esta area se vuelve cada vez mas
relevante en un contexto donde la incidencia del SM y del cancer continua en
aumento, subrayando la necesidad de intervenciones tanto clinicas como de salud
publica para abordar estos problemas de manera conjunta.

1.3.1 Bases bioldgicas y evidencia

El SM no debe considerarse como una simple suma de sus componentes
individuales, ya que el riesgo atribuido al conjunto del sindrome supera al riesgo
observado por cada componente de forma aislada [82]. La combinacion de factores
como la obesidad central, la hiperglucemia, la hipertension arterial y las
alteraciones en el metabolismo lipidico genera un entorno metabélico alterado que
actua de forma sinérgica, potenciando el riesgo de cancer mas alla de lo que
explicaria cada uno de estos componentes por separado [83]. Comprender esta
naturaleza sinérgica es clave desde una perspectiva epidemiolédgica, ya que
intervenciones dirigidas a reducir multiples factores del SM simultaneamente
podrian tener un impacto mas significativo en la prevencidény control del cancer, en
comparacién con abordar cada componente de forma aislada [83].

Segun la revisidn sistematica efectuada por Esposito et al. [35], se evalud el vinculo
entre el SM y el riesgo oncoldgico en general, asi como en sitios especificos. La
revision concluyd que el SM se relaciona con un riesgo global de cancer, con una
relacién particularmente fuerte con los canceres de colon, mama y pancreas. La
revision destaco que el exceso de grasa abdominaly la insensibilidad a la insulina,
componentes clave del SM, eran los principales impulsores de esta asociacion.
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1.3.2 Diferencias por sexo

Segun la evidencia epidemioldgica, el vinculo entre el SM y el cdncer muestra
variaciones significativas segln el sexo y las caracteristicas demograficas. Los
estudios han mostrado que los hombres con SM tienen un mayor riesgo de cancer
colorrectal, higado y vejiga, mientras que las mujeres con SM tienen una mayor
probabilidad de desarrollar cancer de pancreas [84,85]. Estas diferencias pueden
atribuirse a factores bioldgicos, hormonales y de comportamiento, asi como a la
influencia de los componentes del SM, como la obesidad, la resistencia a la
insulina y la dislipidemia, que afectan de manera distinta a hombres y mujeres
[86,87].

Ademas, las diferencias por sexo no solo afectan la incidencia, sino también la
mortalidad y la supervivencia tras el diagndstico de cancer. En general, los hombres
con SM presentan una menor esperanza de vida y una mayor mortalidad por cancer
en comparacion con las mujeres, lo que podria estar relacionado con diferencias
hormonales, metabdlicas y en el acceso a los servicios de salud [88-90]. Por
ejemplo, en el caso del cancer colorrectal, los hombres no solo tienen una mayor
incidencia, sino también una menor supervivencia a cinco anos en comparacion
con las mujeres [91,92]. En las mujeres, ciertos tipos de cancer, como el de mama
postmenopausico y el de endometrio, han mostrado una supervivencia
relativamente mayor, aunque el impacto del SM sigue siendo significativo en
términos de recurrenciay progresion de la enfermedad [93].

1.3.3 Tratamiento y complicaciones

El SM afecta tanto la recurrencia del cancer como la respuesta al tratamiento,
impactando negativamente el bienestar general de los pacientes. Estudios como el
de Pasanini et al. [94] evidencian que mujeres con cancer de mama y SM tienen un
riesgo significativamente mayor de recurrencia tras el tratamiento inicial (HR 3,0),
hallazgo que también se replica en pacientes con cancer colorrectal [95,96].
Asimismo, revisiones sistematicas han destacado que la obesidad, un factor clave
del SM, eleva la probabilidad de recurrencia en distintos tipos de cancer, atribuible
a mecanismos relacionados con mayores concentraciones de insulina, factores de
crecimiento y citoquinas del tejido adiposo [97]. Otros factores del SM, como la
hipertension [98] y los altos valores de triglicéridos [99], también se asocian con
mayores tasas de recurrencia.

Por otro lado, el SM contribuye al desarrollo de complicaciones cardiovasculares
en pacientes sometidos a quimioterapia, lo que incrementa el riesgo de toxicidad
cardiovascular y limita la posibilidad de administrar terapias mas agresivas
necesarias para controlar el cancer [100,101]. Estas complicaciones, ademas de
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influir en la supervivencia, afectan de manera significativa el bienestar general de
los pacientes. Los sintomas relacionados con el SM, como la fatiga, el dolor crénico
y los trastornos del sueno, agravan las complicaciones del cancer y sus
tratamientos, aumentando la morbilidad y deteriorando la percepcion del bienestar
general. Este panorama subraya la necesidad de una atencién personalizada y un
monitoreo continuo durante y después del tratamiento para minimizar los efectos
adversos y optimizar los resultados oncoldgicos [102].
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1.4 RWD EN LA INVESTIGACION DE CANCER Y SINDROME
METABOLICO

La International Professional Society for Health Economics and Outcomes
Research (ISPOR) define los datos de Real World Data (RWD) como aquellos datos
obtenidos de la practica clinica habitual, en lugar de ensayos clinicos aleatorizados
[103]. En el contexto del cancer y el SM, los RWD permiten evaluar la asociacion
entre estas condiciones en escenarios reales, proporcionando evidencia que
complementa la derivada de los ensayos clinicos tradicionales [104].

Los ensayos clinicos aleatorizados, aunque considerados el gold standard para
demostrar causalidad, presentan limitaciones que pueden reducir su aplicabilidad
en la practica clinica real. Entre estas limitaciones destacan: (1) el seguimiento a
corto plazo, insuficiente para medirimpactos prolongados; (2) la seleccién estricta
de participantes, que excluye a subgrupos de pacientes comunes en la practica
clinica, como ancianos o personas con comorbilidades [105]; (3) la falta de registro
de variables relevantes, como estilos de vida, factores metabdlicos especificos y
progresion del cancer;y (4) el elevado costo de implementacion.

En el caso del SM y el cancer, los RWD proporcionan informacién valiosa sobre
como estas condiciones interactuan en el mundo real, permitiendo analizar no solo
la incidencia y evolucioén del cancer, sino también la supervivencia y la esperanza
de vida restante (RLE) [106]. Fuentes como los registros de salud electrénicos y
bases de datos poblacionales, como la utilizada en este estudio, ofrecen un
panorama amplio al recoger datos de pacientes en entornos no controlados,
reflejando la diversidad de la poblaciény las condiciones clinicas reales. En nuestro
caso, se analizaron datos de Cataluiia, representativos de casi seis millones de
individuos, lo que permitié obtener hallazgos robustos y generalizables en el
contexto local [107].

Eluso de RWD, sin embargo, requiere abordar desafios metodoldgicos. La calidad,
consistencia y estructura de los datos pueden variar significativamente, ya que
estos no se recopilan especificamente con fines de investigacion. Por ejemplo, en
la historia clinica electrénica, informacién critica como el empeoramiento de
sintomas o cambios en el estado metabdlico puede estar registrada de manera no
estructurada, lo que dificulta su analisis. Ademas, la ausencia de ciertas variables
clave, como marcadores inflamatorios u hormonales, o el tratamiento oncolégico
recibido, puede limitar la capacidad de ajustar los modelos analiticos para
identificar relaciones causales robustas entre el SMy el cancer [106].

A pesar de estas limitaciones, los estudios basados en RWD han avanzado en el
entendimiento de como factores como la obesidad, la dislipidemiay la hipertensién
interactuan con el cancer en la poblacion general. La transformacion de RWD en
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Real World Evidence (RWE) requiere la aplicacidon de disefios de estudio rigurosos,
como cohortes o estudios caso-control, y la implementacion de métodos
estadisticos avanzados para mitigar posibles sesgos y confusiones [107]. En este
estudio, estos enfoques permitieron evaluar asociaciones robustas entre el SM y
tipos especificos de cancer, como el colorrectal, el endometrial, el hepaticoy el de
mama.

Los RWD son particularmente utiles en areas donde los ensayos clinicos presentan
barreras practicas o éticas, como ocurre con la monitorizacion prolongada de
pacientes con cancer o en subgrupos especificos, como personas con SM [108].
Los disefos hibridos que combinan RWD con elementos de ensayos clinicos
controlados estan ganando terreno, proporcionando informacion mas relevante
parala formulaciéon de decisiones en el @mbito clinico y de salud publica. En el caso
del cancer y el SM, este enfoque es esencial para disefiar intervenciones
personalizadasy politicas de prevencién adaptadas a las necesidades reales de los
pacientes.

Enresumen, los RWD representan una herramientafundamentalen lainvestigacion
sobre cancer y SM, permitiendo abordar preguntas de relevancia clinica que van
mas alla de los limites de los ensayos tradicionales. Al utilizar estas fuentes, no solo
se amplia nuestra comprension de estas enfermedades, sino que también se
facilita la implementacion de estrategias mas efectivas para su manejo y
prevencion. El presente estudio sigue el protocolo establecido para garantizar un
disefno riguroso y representativo, aprovechando datos reales de poblaciones como
los proporcionados por SIDIAP [109].
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2. JUSTIFICACION

Elvinculo entre el SMy el cancer tiene profundas implicaciones epidemioldgicas y
clinicas. Este sindrome no solo aumenta la incidencia de cancer, sino que también
afecta negativamente la mortalidad y el prondstico oncolégico. Ademas, es
modificable mediante intervenciones en el estilo de vida y manejo farmacolégico.

El SM se ha consolidado como un problema de salud publica de creciente
relevancia a causa de su alta prevalencia y su asociacién con importantes
consecuencias negativas para la salud. Este conjunto de alteraciones metabdlicas
ha sido tradicionalmente relacionado con enfermedades cardiovasculares, pero
investigaciones recientes han demostrado una conexién relevante entre el SMy la
aparicion de diferentes tipos de cancer. A pesar de esta evidencia, los mecanismos
que explican esta asociacion no estan completamente definidos. Existen pocos
estudios que analicen esta relacibn en cohortes poblacionales amplias
considerando el impacto del tiempo de exposicidon al SM en el riesgo de cancer.
Segun nuestro conocimiento, este es uno de los primeros estudios con una cohorte
de gran tamanfo en esta area. Estas lagunas de conocimiento limitan la adopcién de
estrategias preventivas y terapéuticas efectivas adoptadas a esta poblaciéon de
riesgo. Por tanto, es fundamental que los profesionales sanitarios consideren el
estado metabolico de sus pacientes al planificar estrategias terapéuticas. Cambios
como la dieta, el ejercicio y el manejo farmacolégico de la dislipidemia, la
hipertension y la obesidad no solo mejoran los resultados cardiovasculares, sino
que también pueden reducir el riesgo de cancer y mejorar su pronéstico [110]. Por
ejemplo, farmacos como la metformina, comunmente destinados al manejo de la
diabetes tipo 2, han demostrado potencial para mejorar la sensibilidad a la insulina
y disminuir la proliferacion celular en pacientes con SMycancer[111]. Sin embargo,
estos efectos requieren ser confirmados mediante investigaciones adicionales.

El presente trabajo tiene como objetivo abordar estas preguntas mediante el
andlisis de una amplia base de datos clinica (SIDIAP), que incluye informacién
clinica del 80% de la poblacion catalana. Este enfoque permite investigar la
asociacion entre el SMy el cancer, evaluar el impacto del nUmero de componentes
del SM. Se estudian tipos de cancer poco analizados en su relacién con el SM,
considerando variables clave como el tiempo hasta el diagndstico y la esperanza
de vidarestante (RLE). Asi, esta investigacién busca generar evidencia que sustente
futuras estrategias preventivas en atencién primaria, promoviendo modificaciones
en los habitos de vida que puedan reducir la prevalencia del SMy, potencialmente,
el riesgo de cancer asociado.
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3. HIPOTESIS
Hipodtesis 1:

ELSM esta asociado con un mayor riesgo de desarrollar al menos 13 tipos de cancer,
y este riesgo global atribuido al SM supera el asociado con uno o dos de sus
componentes individuales.

Hipotesis 2:

Elnimero de componentes del SM se relaciona proporcionalmente con elriesgo de
incidencia de cancer, variando seglun las combinaciones especificas de sus
componentesy el tipo de cancer.

Hipotesis 3:

El tiempo transcurrido hasta el diagndstico de cdncer serd menor en participantes
con uno o mas componentes del SM, comparado con participantes sin
componentes del SM.

Hipotesis 4:

El SM y el numero de sus componentes estan asociados con una reduccion
significativa del RLE tras el diagndstico de cancer, siendo mayor esta disminucién
en aquellos pacientes con un mayor numero de componentes del SM.

Hipotesis 5:

Segun las curvas de Kaplan-Meier, la supervivencia a los 5 afnos serda menor en
participantes con uno o mas componentes del SM, comparado con participantes
sin componentes del SM.
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4. OBJETIVOS

Objetivo 1:

Estimar la asociacion entre el SMy 13 tipos especificos de cancer, comparando el
riesgo asociado del SM completo o de tener uno o dos componentes individuales,
frente al riesgo asociado de no tener ninglin componente del SM, estratificando por
sexo.

Objetivo 2:

Analizar como el numero y las combinaciones de componentes del SM afectan el
riesgo de desarrollar cancer, identificando en funcién del tipo de cancer y las
combinaciones especificas de componentes metabdlicos, estratificando por sexo.

Obijetivo 3:

Calcular las curvas de incidencia acumulada para determinar el tiempo
transcurrido desde la presencia de al menos un componente del SM hasta el
diagndstico del cancer, teniendo en cuenta la edad y el sexo.

Objetivo 4:

Evaluar el efecto del SM y el numero de sus componentes en el RLE tras el
diagnostico de cancer, considerando las variaciones segun el tipo de cancer y el
numero de componentes presentes y estratificando por sexo.

Objetivo 5:

Generar curvas de Kaplan-Meier para analizar la mortalidad global segun los
componentes del SM, tanto para el cancer en general como para cada tipo de
cancer, estratificando por sexo. En el caso de los canceres ginecolégicos, se
realizara una estratificacion adicional segun el estado menopausico en elmomento
del diagndstico.



Capitulo 5. Material y Métodos

40

5. MATERIAL Y METODOS



Capitulo 5. Material y Métodos 41

5. MATERIAL Y METODOS

Para responder a las hipétesis planteadas en esta tesis doctoral, se publicaron tres
articulos en revistas internacionales indexadas, cada uno para abordar uno o varios
objetivos. En esta seccidn se detalla la metodologia utilizada en cada uno de los
tres estudios.

5.1 DISENO

El diseno y seleccién de la muestra del presente estudio se realizd siguiendo
estrictamente el protocolo publicado previamente, asegurando la robustez y la
validez de los datos analizados [109]. Se llevaron a cabo estudios observacionales
prospectivos, basado en registros electréonicos de salud obtenidos del Sistema de
Informacién para el Desarrollo de la Investigacion en Atencion Primaria (SIDIAP)
[112].

5.1.1 Estudio 1 - Objetivo 1

Estimar la asociacion entre el SM y 13 tipos especificos de cancer, comparando el
riesgo asociado con el SM completo y el derivado de tener uno o dos componentes
individuales, frente al riesgo observado en individuos sin componentes del SM.

Se llevé a cabo un disefio de casos y controles emparejados.

Casos: Participantes que tenian un cancer incidente entre los 40y 99 anos durante
el periodo de estudio, desde 01 enero 2008 hasta el 31 de diciembre 2017.

Controles: Porcada caso se eligieron cuatro controles emparejados segun edad (1
ano)y sexo de la misma poblacion fuente. La fecha indice del control correspondio
a lafecha del diagndstico del caso con el que se emparejé.

5.1.2 Estudio 2 - Objetivos 2y 3

Analizar como el numero y las combinaciones de componentes del SM afectan el
riesgo de desarrollar cancer, identificando en funcidn del tipo de cancer y las
combinaciones especificas de componentes metabdlicos, estratificando por sexo.

Calcular las curvas de incidencia acumulada para determinar el tiempo
transcurrido entre la fecha de tener al menos uno de los componentes del SM hasta
el diagndstico del cancer, teniendo en cuenta la edad y el sexo.
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Para el estudio 2, se adopté un diseio de cohorte con un tamafo muestral de
3.918.781. En este estudio, la variable SM era dependiente del tiempo, es decir, una
persona podia comenzar con un numero de componentes al inicio del estudio, y
este numero se podia modificar conforme pasaba el tiempo.

5.1.3 Estudio 3-Objetivos 4y 5

Evaluar el efecto del SM y el numero de sus componentes en el RLE tras el
diagndstico de cancer, considerando las variaciones segun el tipo de cancer y el
numero de componentes presentes y estratificando por sexo.

Generar curvas de Kaplan-Meier para la mortalidad global segin componentes del
SM, tanto para el cancer en general como para cada tipo de cancer, estratificando
por sexo. En el caso de los canceres ginecologicos, se realizara una estratificacion
adicional segtn el estado menopausico en el momento del diagndstico.

Para este estudio se adoptd un estudio de cohorte de casos diagnosticados con
cancer.
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5.2 FUENTES DE INFORMACION

En este estudio, los datos se adquirieron a partir del SIDIAP y Instituto Nacional de
Estadistica (INE).

SIDIAP

Esta base de datos incluye informacion anonimizada derivada de los registros
electrénicos de salud de atencidn primaria administrados por el Institut Catala de
la Salut (ICS), que cubren aproximadamente el 80% de la poblacidon de Cataluna,
es decir, cerca de seis millones de personas.

SIDIAP proporciona una fuente de datos amplia y representativa, que incluye
variables sociodemograficas, diagndsticos clinicos, prescripciony dispensacion de
medicamentos, asi como resultados de pruebas diagndsticas y de laboratorio.
Ademas, incluye informacion sobre estilo de vida, como tabaquismo y consumo de
alcohol. Los datos clinicos se registran mediante el sistema de codificacién CIE-10
para problemas de salud, mientras que la informacién sobre medicacién prescrita
se codifica segun la clasificacion Anatomical Therapeutic Chemical Classification
(ATC) de la OMS [113].

En la Figura 5 se aprecia el porcentaje de poblacion de Catalufa que cubre el
SIDIAP.

Figura 5. Poblacion de Catalufa cubierta por el SIDIAP.

Population coverage by the SIDIAP*
0%-7%
>7% - 24%
>24% - 86%
70 >86% - 96%
B >96% - 100%

*Classification based on the Jenks natural breaks algorithm

Fuente: SIDIAP [114]
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Instituto Nacional de Estadistica (INE)

El INE es una entidad publica espanola encargada de coordinar los servicios
estadisticos de la Administracion General del Estado. Esta fuente de datos se utilizo
para recopilar informacion sobre el motivo de fallecimiento de las personas
incluidas en el estudio. Los datos proporcionan detalles sobre la causa de muerte
de cada participante que fallecié durante el periodo de analisis, asegurando un
registro preciso y estructurado de esta informacion. La causa de muerte esta
codificada de acuerdo con el certificado médico oficial de defunciéon en Espafa
disponible ademas de informacidén sobre estado vital, incluida la fecha y causa de
fallecimiento

Al utilizar las dos bases de datos, se garantizé la anonimizacién de los registros y el
cumplimiento de las normativas de proteccién de datos.
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5.3 POBLACION DE ESTUDIO

Se incluyeron en el estudio todos los sujetos de 40 afios 0 mas registrados en la
base de datos SIDIAP entre el 1 de enero de 2008y el 31 de diciembre del 2017. En
las figuras 6y 7 se puede apreciar la poblacion de Cataluna tanto alinicio (Figura 6)
como alfinal del estudio (Figura 7).

Figura 6. Piramide poblacional de Catalufa a inicios del afio 2008.
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Figura 7. Piramide poblacional de Cataluna a finales del afio 2017.
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Elregistro de diagnésticos de cancer se inicidé en 2008. No obstante, desde 2006
se dispone de informacién valida sobre las covariables. Ademas, existen registros
previos a 2006, si bien estos no han sido sometidos a los mismos controles de
calidad que el resto de informacion.

5.3.1 Poblacion del estudio 1

Los casos correspondieron a sujetos con un diagndstico incidente de 13 tipos de
cancer, registrados entre el 1 de enero de 2008 y el 31 de diciembre de 2018, con
una edad al diagndstico entre 40 y 99 ahos. Los tipos de cancer incluidos fueron:
colorrectal, prdstata, higado, vejiga, endometrio, pancreas, mama, pulmon, rifdn,
tiroides, linfoma de Hodgkin, linfoma no Hodgkin y leucemia (ver apartado 5.4.
Definicion del cancer (pagina 51) para mas detalles).

Se excluyeron los hombres con cancer de mama, asi como aquellos cuyo primer
diagnostico de cancer no fuera incidente (metastasis) o quienes fueran
diagnosticados con mas de un tipo de cancer el mismo dia.

En total, se obtuvieron 183.284 casos, cada uno de los cuales fue emparejado con
cuatro controles de la misma edad (£1 ano) y sexo en la fecha del diagndstico del
caso, resultando en 733.136 controles. También se excluyeron posibles errores de
diagnostico, como hombres con cancer de endometrio y mujeres con cancer de
prostata.

En la Figura 8 se presenta el diagrama de flujo que ilustra a los participantes del
estudio 1.
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Figura 8. Diagrama de flujo del estudio 1.
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5.3.2. Poblacion del estudio 2

Se incluyeron todos los participantes de entre 40 y 99 anos, sin diagndéstico previo
de cancer en la fecha indice, definida como el 1 de enero de 2008 o, en el caso de
aquellos que aun no habian cumplido 40 afos en esa fecha, el dia en que
alcanzaron dicha edad.

Los participantes fueron seguidos desde la fecha indice hasta la ocurrencia de uno
de los siguientes eventos: diagndstico de su primer cancer incidente (primario),
fallecimiento, pérdida de seguimiento en la base de datos SIDIAP, cumplimiento de
los 100 anos, o la finalizacion del periodo de estudio (31 de diciembre de 2017).

La variable de tiempo se construyd considerando la fecha de nacimiento del
participante, la fecha del evento (diagndstico de cancer, fallecimiento, traslado o
fin de seguimiento) y, cuando correspondia, las fechas de diagndéstico de los
componentes del sindrome metabdlico.

Se excluyeron los hombres con cancer de mama, asi como aquellos cuyo primer
diagnostico de cancer no fuera incidente (metastasis) o quienes fueran
diagnosticados con mas de un tipo de cancer el mismo dia. También se excluyeron
los casos de cancer considerados erroneos, como hombres con cancer de
endometrio y mujeres con cancer de prostata.

Elnumero de personas segun el niumero de componentes del SM puede verse en la
Tabla 1.

Tabla 1. NUumero de personas segun los componentes alterados del SM.

Numero de componentes alterados del SM*
0 1 2 3 4 5
N total 2.269.299 |1.990.124 | 1.542.436 | 1.100.966 | 672.031 259.549
Porcentaje | 57,9% 50,8% 39,4% 28,1% 17,1% 6,6%

*Una persona puede estar en mas de una columna, al ser la variable SM dependiente del
tiempo.

En total se incluyeron 3.918.781 participantes. En la Figura 9 se presenta el
diagrama de flujo que ilustra a los participantes del estudio 2.
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Figura 9. Diagrama de flujo del estudio 2
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5.3.3 Poblacion del estudio 3

Incluyé casos incidentes de 13 tipos de cancer, diagnosticados entre el 1 de enero
2008y el 31 de diciembre 2018. Se seleccionaron pues, todos los casos del primer
estudio taly como se observa en la Figura 8 (Flow chart)

Se siguid a los participantes desde la fecha del diagndstico de cancer hasta su
fallecimiento, pérdida de seguimiento de la base de datos SIDIAP, alcanzar los 100
afos o hasta el final del periodo de estudio (31 de diciembre de 2017).
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5.4 VARIABLES

5.4.1 Variables dependientes:
Cancer:

Variable dependiente para los estudios 1 y 2. En el estudio 3, el diagnéstico de
cancer define la cohorte de anélisis (serie de casos).

Definicién de cancer:

Los casos de cancer se identificaron como individuos diagnosticados con un
diagnostico de cancer incidente (primer diagnostico en SIDIAP) entre el 1 de enero
de 2008 y el 31 de diciembre de 2017. Seleccionamos los tipos de cancer mas
prevalentes con evidencia publicada de asociaciéon con SM, como colorrectal
(codigos C18+C20 de la CIE-10), préstata (C61), higado (C22), vejiga (C67),
endometrio (C54), pancreas (C25) y mama (C50). Aunque hay pocos datos
publicados disponibles, también incluimos cancer de pulmén (C34) y rindn (C64)
debido a su alta prevalencia. Finalmente, incluimos tipos de cancer para los que
hay poca evidencia disponible pero que también podrian estar asociados con SM,
como cancer de tiroides (C73), linfoma de Hodgkin (C81), linforma no Hodgkin (C82-
85) y leucemia (C91-95).

Debido a la evidencia bien establecida que indica un impacto diferente de la
obesidad y los estrégenos en mujeres pre y postmenopausicas, los canceres de
mamay endometrial se categorizaron en estas dos etapas de la vida [115].

Se excluyeron los pacientes con registros de dos tipos diferentes de cancer en la
misma fecha, si presentaban canceres secundarios y metastasis, con posibles
errores en el diagndstico (como hombres con cancer de endometrio o mujeres con
cancer de prostata), y los hombres que habian sido diagnosticados con cancer de
mama.

Muerte:

Variable dependiente para el estudio 3. La causa de muerte fue proporcionada por
el Instituto Nacional de Estadistica (INE) y categorizada como "Cancer" u "Otras
causas", codificada segun el certificado médico oficial de defuncién en Espafia.
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RLE (Esperanza de Vida Restante):

Variable dependiente para el estudio 3. Representa la cantidad estimada de afos
que una persona podria vivir tras el diagnéstico de cancer, calculado en funcién de
la edad, sexo y numero de componentes del SM presentes en el momento del
diagnostico. Esta medida permite interpretar de manera practica la supervivencia
en diferentes escenarios clinicos.

LYL (Ahos de Vida Perdidos):

Variable dependiente para el estudio 3. Indica la cantidad de afios de vida que se
pierden en promedio debido al caAncer u otras causas, en relacién con individuos de
la misma edad y sexo en la poblacion general. Esta métrica permite cuantificar el
impacto del cancery del SM en la mortalidad.

5.4.2 Variables independientes:
Sindrome metabdlico: Variable independiente principal para los 3 estudios.
Definicion del SM:

EL SM se defini6 utilizando los criterios de la American Heart Association/National
Heart, Lung, and Blood Institute (AHA/NHLBI). Para diagnosticar SM, un
participante debia cumplir con al menos tres de las siguientes caracteristicas:
obesidad, hipertension arterial (HTA), colesterol HDL reducido, triglicéridos
elevados y glucemia alta [36].

Definiciéon de los componentes del SM:

Obesidad: (IMC >30 kg/mz). La obesidad se describe como un indice de masa
corporal (IMC) > 30 kg/m? un indicador de adiposidad general. Aunque la
adiposidad central (generalmente medida mediante el perimetro de cintura) es
preferida para definir este componente, se utilizé el IMC en concordancia con la
definicién del SM de la OMS, dado que el perimetro de cintura no estaba disponible
para la mayor parte de los pacientes en la base de datos SIDIAP [37].

Hipertension arterial: (=130/85 mm Hg o tratamiento farmacoldégico).

Colesterol HDL bajo: HDL < 40 mg/dL en hombres, HDL <50 mg/dL en mujeres o
consumo de tratamientos farmacolégicos para la reduccion del HDL-C.

Triglicéridos elevados: 2150 mg/dL.

Glucosa elevada en ayuno: 2100 mg/dL o tratamiento farmacoldgico.
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Covariables:

Edad: Edad continua entre los 40y los 99 afios.

Sexo: Masculino o femenino

Nacionalidad: Se categoriza como nacionalidad espanola y otras nacionalidades.

indice MEDEA (Mortalidad en dareas pequefias Espafiolas y Desigualdades
Socioeconémicas y Ambientales: indice de privaciéon econémica dependiendo del
Area Basica de Salut donde estan asignados los participantes [116].

Tabaco: Categorizada como “No fumadores”, “Ex-fumadores” y “Fumadores”.

Consumo de Alcohol: Calculado en unidades estandares (“No consumo de
alcohol”, “Consumo bajo de alcohol”, “Consumo alto de alcohol”).

Consumo de farmacos: La informacidon sobre farmacos se obtuvo a través del
SIDIAP, con medicamentos prescritos por médicos de cabeceray de hospitales. Los
medicamentos se categorizaron segln los niveles del Sistema de Clasificacion
Quimica Terapéutica Anatomica (ATC) [117]. Los farmacos estudiados son: terapia
hormonal sustitutiva para mujeres con menopausia, paracetamol, ibuprofeno,
aspirina. Los medicamentos se codificaron como variables dicotémicasy se definia
un consumo “Si” a cualquier participante al que se le hubieran prescrito al menos 3
medicamentos durante un periodo de 6 meses; por el contrario, si el consumo fue
menor, se consideraron no consumidores del farmaco y se incluyeron en la
categoria "No".

Presencia de hepatitis: Clasificada como No, Hepatitis B, Hepatitis C, Otros o
hepatitis inespecifica. La hepatitis A esta dentro del grupo “No” al ser considerada
una enfermedad benigna.

Menopausia: Clasificada como “No/Si”. Las mujeres sin informacion sobre el
estado de menopausia y que tenian = 50 afos se consideraron como
menopausicas.
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5.5 ANALISIS ESTADISTICO:
5.5.1 Estudio 1 - Objetivo 1

Se realiz6 un analisis descriptivo inicial de la poblacién, incluyendo las
caracteristicas sociodemograficas y clinicas de los participantes. Las variables
continuas se resumieron mediante medias (desviacion estandar) y medianas (rango
intercuartil). Para las variables categéricas se utilizaron frecuencias y porcentajes.

Para evaluar la asociacion entre el SM y el riesgo de desarrollar los 13 tipos de
cancer seleccionados, se emplearon modelos de regresion logistica condicional.
Estos modelos permitieron estimar los odds ratios (OR) y sus intervalos de
confianza al 95% (IC 95%), comparando los riesgos asociados con la presencia de
1, 2 0 23 componentes del SM frente a aquellos sin ningln componente. Las
variables de ajuste incluyeron factores potencialmente confusores como la edad,
el indice de privacion socioeconémica MEDEA, el estado tabaquico y la
nacionalidad. En el caso del cancer de higado, se incluyeron como covariables
adicionales la presencia de hepatitis (B, C y otras) y otras enfermedades hepaticas,
debido a su relevancia en la etiologia de este tipo de cancer.

Todos los analisis se estratificaron por tipo de cancer. Ademas, se realizaron
analisis de interaccidn para explorar si la asociacidén entre SMy cancer diferia seguin
sexo y estado de tabaquismo. Para abordar posibles sesgos debido a covariables
con valores perdidos, se realizd imputacion multiple mediante ecuaciones
encadenadas, generando 20 conjunto de datos imputados [118-120]. Las
estimaciones finales se combinaron siguiendo las reglas de Rubin, asegurando que
las inferencias fueran robustas frente a valores perdidos [121].

Serealizaron analisis de sensibilidad para examinar la posible clasificacién errénea
de la exposicion al utilizar el indice de masa corporal (IMC) como proxy de obesidad,
dado que la medida de perimetro abdominal no estaba disponible para la mayoria
de los participantes. En este andlisis, se selecciond una submuestra de individuos
con mediciones disponibles de perimetro abdominal para redefinir la obesidad
central segun los criterios estandar (=102 cm en hombres y 288 cm en mujeres).
Otro analisis de sensibilidad evalué la estabilidad de los componentes del SM
utilizando mediciones repetidas con un intervalo minimo de dos semanas,
garantizando una clasificacion precisa de las exposiciones.

5.5.2 Estudio 2 - Objetivos2y 3

Se realizé un andlisis descriptivo inicial de la cohorte general, utilizando
estadisticas descriptivas como medidas de tendencia central y dispersién para
variables continuas, asi como frecuencias absolutas y porcentajes para las



Capitulo 5. Material y Métodos 55

variables categéricas. Los datos se estratificaron en funciéon de la cantidad de
componentes del SM identificados, permitiendo detectar patrones y diferencias
especificas dentro de la poblacion estudiada.

El analisis principal incluyd a todos los individuos diagnosticados de cancer
(cualquier tipo de cancer) a lo largo del periodo de seguimiento, analizando las
asociaciones entre el SM y la probabilidad global de desarrollar cancer. Analisis
secundarios, centrados en los 13 tipos de cancer seleccionados, se realizaron para
cada tipo de cancer de forma individual.

Para estimar la probabilidad acumulada de incidencia de cancer, se utilizo el
estimador de Aalen-Johansen, que considera los riesgos competitivos como la
mortalidad por otras causas. Ademas, se aplicaron modelos de riesgos
proporcionales de Cox, ajustados por edad como escala de tiempo subyacente,
para calcular los hazard ratios (HR) y sus intervalos de confianza al 95% (IC 95%)).
En estos modelos, la variable principal independiente resumié todas las
combinaciones posibles de los componentes del SM, permitiendo evaluar su
efecto acumulativo y especifico sobre el riesgo de cancer. Las covariables
incluyeron el indice MEDEA, el estado tabaquico, el consumo de alcohol y la
nacionalidad. Para el analisis del cancer de higado, se ajusté también por la
presencia de hepatitis y otras enfermedades hepaticas.

Ademas, se cred una submuestra emparejada por edad (¥90 dias) y sexo
(coincidencia exacta). En esta submuestra se hizo un analisis que incluyé cinco
comparaciones clave: individuos con 1 componente del SM frente a aquellos con 0
componentes, con 2 componentes frente a 0, con 3 componentes frente a 0, con 4
componentes frente a 0, y con 5 componentes frente a 0. En esta submuestra, se
generaron graficas y tablas especificas para ilustrar y cuantificar las diferencias
observadas.

Las graficas incluyeron curvas de funcion de incidencia acumulada, las cuales
representaron la incidencia acumulativa de cancer dependiendo de la cantidad de
componentes del SM, comparando cada grupo con individuos sin componentes del
SM. Por su parte, las tablas ofrecieron estimaciones precisas del tiempo promedio
hasta el diagndstico de cancer, desglosadas por el numero de componentes del
SM. Para cada grupo, se calcularon métricas como el riesgo de cancery el tiempo
medio de seguimiento hasta el diagndstico y el tiempo medio de seguimiento hasta
el diagndstico de cancer.

Adicionalmente, se realizaron analisis de sensibilidad para reforzar la validez de los
resultados. Estos excluyeron los casos de cancer de piel no melanoma (C44), para
garantizar que los resultados no estuvieran sesgados por la inclusidn de este tipo
de cancer, que presenta caracteristicas etiolégicas diferentes.
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Eltiempo al estudio que contribuyeron las personas con cancer fue desde su fecha
indice hasta su diagnéstico de cancer, mientras que las personas sin cancer, el
tiempo que contribuyeron al estudio fue desde su fecha indice hasta la conclusion
del seguimiento, lafecha de muerte o lafecha de salida del estudio, lo que ocurriera
primero.

5.5.3 Estudio 3 - Objetivos 4y 5

La poblacién estudiada se describid inicialmente utilizando medidas de tendencia
central y dispersién para las variables continuas, mientras que las variables
categdricas se analizaron mediante frecuencias absolutas y porcentajes,
estratificadas segun el nimero de componentes del SM.

El método Life-Years-Lost (LYL) se utilizé para calcular los LYL y el RLE,
considerando tasas de mortalidad especificas por edad y ajustadas por riesgos
competitivos mediante modelos multiestado. Este enfoque permitié descomponer
la LYL (y su IC 95%) en componentes atribuibles a diferentes causas de muerte
(cancer y otras causas), proporcionando una visién integral del impacto del SM en
los resultados de supervivencia. Los calculos se realizaron para individuos con 0, 1,
2y 23 componentes del SM, y se estratificaron adicionalmente por sexo y tipo de
cancer. Se calculd estas métricas a tres edades diferentes, utilizando la medianay
los percentiles 25y 75 en el momento del diagnéstico de cancer de la poblacién.

Las curvas de Kaplan-Meier se generaron para analizar la supervivencia global y
especifica por tipo de cancer, considerando la presencia del SM. Estas curvas
también se estratificaron por sexo, y en el caso de los canceres ginecoldgicos, se
tuvo en cuenta el estado menopausico al momento del diagndstico.
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5.6. CONSIDERACIONES ETICAS

El desarrollo de este estudio ha seguido estrictamente los principios éticos
establecidos en la Declaracién de Helsinki y las Normas de Buena Practica en
Investigacion. Ademas, se ha garantizado el cumplimiento de la legislacion europea
y espafnola sobre proteccién de datos personales, incluyendo el Reglamento
General de Proteccion de Datos de la Unidn Europea (Reglamento (UE) 2016/679) y
la Ley Organica de Proteccion de Datos y Garantia de los Derechos Digitales (Ley
Organica 3/2018).

El protocolo del estudio fue aprobado por el Comité de Etica de Investigacion
Clinica de la Fundaci¢ Institut Universitari per a la Recerca a U'Atencié Primaria de
Salut Jordi Gol i Gurina (IDIAPJGol), bajo el numero de referencia P17/212. Este
comité evalud y autorizé el estudio tras verificar que cumplia con los estandares
éticos, legales y metodolégicos.

Todos los datos incluidos en el estudio fueron previamente pseudoanonimizados
por el SIDIAP, garantizando que no se pudiera identificar a los pacientes
directamente. Los datos se gestionaron utilizando sistemas de alta seguridad con
el fin de salvaguardar la privacidad de los datos. Debido a la naturaleza
retrospectiva del estudio y al uso de datos previamente anonimizados, no fue
necesario obtener el consentimiento informado individual. Esta decision fue
respaldada por el Comité de Etica.
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6. RESULTADOS

En este apartado se incluyen los tres articulos que forman parte del compendio de
publicaciones. Todos ellos han estado publicados en revistas internacionales de
reconocido prestigio. Los articulos sirven para presentar los resultados obtenidos
del trabajo realizado para lograr realizar los objetivos y verificar o rechazar las
hipoétesis planteadas inicialmente.

Las referencias de los tres articulos son las siguientes:

Articulo 1[122].

- Lépez-Jiménez T, Duarte-Salles T, Plana-Ripoll O, Recalde M, Xavier-Cos F, Puente
D. Association between metabolic syndrome and 13 types of cancer in Catalonia: A
matched case-control study. PLoS One. 2022;17:€0264634.
https://doi.org/10.1371/journal.pone.0264634

https://ddd.uab.cat/record/257219

Articulo 2[123].

- Lépez-Jiménez T, Plana-Ripoll O, Duarte-Salles T, Recalde M, Bennett M, Xavier-
Cos F, Puente D. Exploring the association between metabolic syndrome, its
components and subsequent cancer incidence: A cohort study in Catalonia.
Cancer Med. 2024;13:€7400. https://doi.org/10.1002/cam4.7400

https://ddd.uab.cat/record/306184

Articulo 3[124].

- Lépez-Jiménez T, Plana-Ripoll O, Duarte-Salles T, Palomar-Cros, Puente D. The
effect between metabolic syndrome and life expectancy after cancer diagnosis:
Catalan cohort study. BMC Public Health. 2025; 25:178.
https://doi.org/10.1186/s12889-025-21437-9

https://ddd.uab.cat/record/306380
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Articulo 1

Titulo: Association between metabolic syndrome and 13 types of cancer in
Catalonia: A matched case-control study.

Autores: Lopez-Jiménez T, Duarte-Salles T, Plana-Ripoll O, Recalde M, Xavier-Cos F,
Puente D.

Revista: PLoS One. 2022;17:e0264634.

Factor de impacto del aio de publicacion:

3,700 - Q2 - Multidisciplinary Sciences.

DOI: 10.1371/journal.pone.0264634.

https://ddd.uab.cat/record/257219
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Resumen resultados primer articulo:

Este estudio evalué la relacién entre el SMy el riesgo de la aparicidon de 13 tipos de
cancer, subrayando cémo el niumero de componentes del SM afecta la incidencia
de estos canceres. Los resultados revelaron una asociacion positiva y significativa
entre el SM y el riesgo de desarrollar 11 de los 13 canceres estudiados,
evidenciando un aumento del riesgo proporcional al nimero de componentes
presentes. Los mayores riesgos estadisticamente significativos se identificaron en
el cancer de endometrio postmenopausico (OR=2,46), endometrio
premenopausico (OR=2,14), higado (OR=1,93), rinén (OR=1,84), pancreas
(OR=1,79), tiroides (OR=1,71), leucemia (OR=1,42), vejiga (OR=1,41), colorrectal
(OR=1,28), linfoma no Hodgkin (OR=1,23), linfoma de Hodgkin (OR=1,19), pulmdn
(OR=1,11) y mama postmenopausico (OR=1,10). No se detectd una asociacion
positiva y significativa con el cancer de préstata (OR 1,02) ni con el cdncer mama
premenopausico (OR 0,85).

El analisis mostrd que los participantes con SM (23 componentes) presentaban un
incremento significativo en el riesgo de desarrollar cancer en comparacién con
quienes presentaban menos componentes, lo que sugiere un efecto acumulativo
en el riesgo. En ocho de los once canceres asociados (colorrectal, higado,
pancreas, mama postmenopausico, endometrio pre y postmenopausico, vejiga,
leucemiay tiroides), se identificd una clara asociacion positiva entre la cantidad de
componentes del SM y el riesgo de cancer. No obstante, esta tendencia no fue
consistente en el linfoma no Hodgkin, ni en los canceres de préstata, pulmon y
mama premenopausico.

Ademas, el estudio identificé diferencias importantes segun el sexo y el habito
tabaquico. En los canceres colorrectal y de pulmén, los hombres presentaron un
riesgo mayor asociado al SM en comparacion con las mujeres, con interacciones
significativas entre sexo y SM (p=0,004 y p=0,002, respectivamente). Para el cancer
de pulmédn, se registré un incremento significativo del riesgo en fumadores y
exfumadores, pero no se detectd asociaciéon en no fumadores. Este hallazgo
subraya el papel modulador del tabaquismo en la relacion entre el SMy el cancer
de pulmoén.
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Abstract

Background

Metabolic syndrome (MS) is the simultaneous occurrence of a cluster of predefined cardio-
vascular risk factors. Although individual MS components are associated with increased risk
of cancer, it is still unclear whether the association between MS and cancer differs from the
association between individual MS components and cancer. The aim of this matched case-
control study was to estimate the association of 13 types of cancer with (1) MS and (2) the
diagnosis of 0, 1 or 2 individual MS components.

Methods

Cases included 183,248 patients >40 years from the SIDIAP database with incident cancer
diagnosed between January 2008-December 2017. Each case was matched to four con-
trols by inclusion date, sex and age. Adjusted conditional logistic regression models were
used to evaluate the association between MS and cancer risk, comparing the effect of global
MS versus having one or two individual components of MS.

Results

MS was associated with an increased risk of the following cancers: colorectal (OR: 1.28,
95%Cl: 1.23-1.32), liver (OR: 1.93, 95%CI: 1.74-2.14), pancreas (OR: 1.79, 95%CI: 1.63—
1.98), post-menopausal breast (OR: 1.10, 95%ClI: 1.06—1.15), pre-menopausal endometrial
(OR: 2.14, 95%Cl: 1.74-2.65), post-menopausal endometrial (OR: 2.46, 95%ClI: 2.20—
2.74), bladder (OR: 1.41, 95%CI: 1.34—-1.48), kidney (OR: 1.84, 95%ClI: 1.69—-2.00), non-
Hodgkin lymphoma (OR: 1.23, 95%CI: 1.10-1.38), leukaemia (OR: 1.42, 95%Cl: 1.31—
1.54), lung (OR: 1.11, 95%ClI: 1.05—-1.16) and thyroid (OR: 1.71, 95%ClI: 1.50—1.95). Except
for prostate, pre-menopause breast cancer and Hodgkin and non-Hodgkin lymphoma, MS
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is associated with a higher risk of cancer than 1 or 2 individual MS components. Estimates
were significantly higher in men than in women for colorectal and lung cancer, and in smok-
ers than in non-smokers for lung cancer.

Conclusion

MS is associated with a higher risk of developing 11 types of common cancer, with a positive
correlation between number of MS components and risk of cancer.

Introduction

Metabolic Syndrome (MS) is the cluster of cardiovascular risk factors such as obesity (specifi-
cally central obesity), hypertension, dyslipidaemia and insulin resistance [1]. MS is a growing
public health concern due to its high global prevalence. Studies from the United States indicate
that MS increases with age and that it has a total prevalence of 24% in the general population
and of 50% in patients with ischemic cardiopathy and other cardiovascular conditions [2]. In
Spain, the prevalence also increases with age, it ranges between 23% and 31% in the general
population, and it affects more men than women in people under 65 years of age [3, 4].

MS was initially considered a risk factor just for cardiovascular disease [5]. However, some
studies [6-9] associate MS with a higher risk of liver, colorectal and bladder cancer in men;
and endometrial, pancreatic, colorectal, ovarian and post-menopausal breast cancer in
women. The results from studies on prostate cancer and MS are inconclusive, while some of
them show an increase in risk [10], others show a reduction [5]. A published meta-analysis
also found a higher risk of haematological cancer in patients with MS [11].

Some studies show that 1 or 2 components of MS are individually associated with colorec-
tal, breast, endometrial, bladder, kidney, lung and thyroid cancer [9, 12-15]. Specifically, the
effect of obesity and diabetes on the incidence of colorectal, pancreatic, liver, kidney, breast
and endometrial cancer has already been described [16, 17]. However, no evidence has been
yet provided for the impact of MS components in other less common cancers [11]. Large pop-
ulation studies are needed to elucidate if the risk of MS on cancer is higher than the risk associ-
ated with each MS component.

The main aim of this study was to investigate the association between MS and 13 types of
cancer in Catalonia, using data collected from 2006-2017 in a large electronic health records
validated database [18, 19]. We also aimed to evaluate the association of one or two MS com-
ponents with cancer risk.

Material and methods
Data source and setting

We conducted a matched case-control study using the Information System for Research in Pri-
mary Care (SIDIAP; www.sidiap.org) [18]. This database comprises the electronic health rec-
ords of 286 primary healthcare centres (6 million of patients, 80% of residents of Catalonia,
Spain). The SIDIAP includes sociodemographic data, clinical diagnoses (using the Interna-
tional Classification of Diseases (ICD-10)), clinical variables, referrals, laboratory tests results
and medication invoices (using the Anatomical Therapeutic Chemical (ATC) Classification
System).
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People assigned to a primary care
center of the Catalan Health Institute
(born 1977 or earlier)

n=4,397,279

Subjects with any diagnosis of cancer
n=439,733 Possible controls

n=4,397,279

(a case could be a control before the
cancer diagnosis)

Diagnosis of cancer in 2008 or later

n=354,480

Patients with an incident diagnosis of Matching Controls (4 for each case):

one of the 13 types of cancer of n=762,020

interest n=190,505

Excluding 334 men with breast cancer We also excluded the Controls

n=190,171 matching controls n=760,684

Excluding 6826 patients with more Controls

than one cancer diagnosed on the We also excluded the N =733,380

same day n=183,345 matching controls

Excluding 61 older patients (>99 Controls

years) N=183,284 Wedlsoexcluded the N =733,136
matching controls

Fig 1. Study flow chart.
https://doi.org/10.1371/journal.pone.0264634.9001

Study population

All individuals > 40 years of age with information in the SIDIAP database between 01/01/
2006 and 31/12/2017 were suitable to be included. Patients were excluded from participation
when they presented with secondary cancers and metastases.

A total of 190,505 individuals with incident cancer were included. Of these, we later
excluded 334 men with breast cancer, 6,826 cases because they were diagnosed with more than
one cancer on the same day, and 61 because they were >99 years of age on the index date.
Finally, a total of 183,284 cases and 733,136 paired controls, four controls for each case, were
included (Fig 1).

Cancer definition

Cancer cases were defined as individuals with an incident diagnosis of selected types of cancer
between 01/01/2008 and 31/12/2017. We decided to include the most frequent cancer types
(ICD-10 codes) in Spain as outcomes. Even though there is evidence of the association
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between MS and some of these cancer types such as colorectal (C18+20), prostate (C61), liver
(C22), bladder (C67), endometrium (C54), pancreas (C25) and breast (C50). Prior studies
have not investigated the MS-cancer association for several cancer types using a systematic
analysis approach like lung cancer (C34) and kidney cancer (C64) but were included due to
their high prevalence in the general population. In addition, we included some less frequently
occurring cancer types such as thyroid (C73), Hodgkin lymphoma (C81), non- Hodgkin lym-
phoma (C82-85) and leukemia (C91-95), for which the current literature is limited.

An association between MS and more cancer types than currently recognized in the litera-
ture is possible given that the components of MS can trigger biological (hormonal, inflamma-
tion, and oxidative stress) processes involved in tumor development.

Breast and endometrial cancers were categorized into pre- and post-menopausal because of
the well-established evidence indicating a different impact of obesity and estrogens on these
two stages of life [20]. The date of the cancer diagnosis was considered as the index date for
cases.

Cancer diagnoses in the SIDIAP are validated against population-based cancer registries
[19].

Control definition

Four controls obtained from the source population were selected for each case, considering as
index date of the control the same date of the selection of the case. Each paired case-control
was of the same sex and age (+ 1 year). No more controls were obtained as it has been previ-
ously shown that little statistical power is gained by further increasing this ratio [21].

MS definition

According to the American Heart Association/National Heart, Lung, and Blood Institute
(AHA/NHLBI) criteria, a patient is diagnosed with MS when they present with 3 or more of
the following variables: Obesity, High Blood Pressure (HBP), reduced HDL cholesterol, ele-
vated Triglycerides and high Glycemia [1].

Obesity is defined as a body mass index (BMI)> 30 kg/m2, an indicator of overall adiposity.
Although central adiposity (usually measured with waist circumference (WC)) is preferred to
define this component, we used the BMI in agreement with the WHO definition of MS, since
WC was unavailable for most patients in the SIDIAP database [22].

Details for MS construction are published elsewhere [23].

When an abnormal value of any MS component was identified in the database it was
assessed the association between cancer and one MS component. If a second component was
identified, the association between cancer and two MS component was considered, indepen-
dently of the time elapsed between the first and the second component identified. When a
third component was identified, it was considered that the patient had >3 components (and
diagnosed with MS). In some patients, more than one measure was recorded on the same day;
we considered the average of these values.

Following these definitions, a composite variable of 0, 1, 2, >3 MS components was con-
structed. Both cases and controls had to be exposed either to MS or to 1 or 2 MS components
for at least 2 years before the index date (cancer diagnosis or control identification) to avoid
reverse causality.

Covariables

We also extracted information (2 years before the index date) on age; sex (women, men);
nationality (Spanish, non-Spanish); the MEDEA deprivation index (census tract-based
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deprivation index to identify socioeconomic status in urban areas) categorized in quintiles and
rural area; smoking status (non-smokers, ex-smokers and current smokers); alcohol intake cal-
culated in standard units (no alcohol, low and high consumption); dispensation of drugs such
as hormonal replacement therapy among menopausal women, paracetamol, aspirin and ibu-
profen (classified as yes/ no); presence of hepatitis (classified as yes/ no) and menopause (clas-
sified as yes/ no). Women without information on menopausal status > 50 years of age at least
two years before the index date were considered to be menopausal.

Statistical analysis

An initial descriptive analysis of the included population was performed using mean (standard
deviation) and median (interquartile range) for quantitative variables and percentages for cate-
gorical variables. To assess differences between cases and controls, the t-test or the U Mann-
Whitney test for quantitative variables and the Chi-squared test for qualitative variables were
performed.

We conducted a conditional logistic regression model to evaluate the association between
MS and cancer risk, comparing the effect of global MS versus the individual components of
MS, and controlling for the following potential confounders: age, MEDEA Deprivation Index,
smoking status and nationality. Hepatitis and other liver diseases were included as confound-
ers in the liver cancer analysis.

All analyses were stratified by type of cancer. Additionally, interaction analyses were per-
formed to explore if the association between MS and cancer differed according to sex and
smoking status. To address potential biases due to variables with missing information, multiple
imputation by chained equations with 20 imputed datasets was applied to covariates [24-26].
Estimates from each imputed dataset were combined following the rules outlined by Rubin
[27].

To assess potential exposure misclassification due the use of BMI instead of WC, we also
conducted a sensitivity analysis including only people with at least one WC measurement in
the database (WC >102 cm in men and >88 cm in women are considered central obesity
indicators).

Further sensitivity analyses considered two measures of each component separated at least
by 2 weeks (maximum 1 year) to ensure that the patient had that component of MS.

The level of statistical significance was 0.05. All analyses were carried out with the statistical
packages SPSS 24 (SPSS Inc., Chicago, IL, USA) and Stata 15 (StataCorp LLC., College Station,
Texas, USA).

Ethics approval and consent to participate

This study follows all national and international regulations: Declaration of Helsinki and Prin-
ciples of Good Research Practice.

In accordance with European and Spanish legislation on confidentiality and data protection
([EU] 2016/679), the data contained in SIDIAP are always pseudonymised. Thus, it is not nec-
essary to ask for informed consent from the participants and so was waived by the Clinical Eth-
ics Committee at IDIAPJGol.

For the link with the CMBD database, SIDIAP uses a third party to ensure confidentiality.
The study protocol was approved by the Clinical Research Ethics Committee of IDIAP]Gol
(P17/212) on November 29, 2017. Anonymity and confidentiality of data and medical records
were guaranteed at all times in accordance with the Organic Law 15/1999 on the Protection of
Personal Data (http://www.boe.es/boe/dias/1999/12/14/pdfs/A43088-43099.pdf).
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Results

The distribution of cancer in the 183,284 cases was as follows: 36,204 colorectal; 5,754 liver;
5,417 pancreas; 37,647 breast (13,572 pre-menopausal breast and 24,075 post-menopausal
breast); 5,386 endometrial (1,124 pre-menopausal endometrial and 4,262 post-menopausal
endometrial); 20,799 bladder; 6,833 kidney; 30,888 prostate; 682 Hodgkin lymphoma; 3,621
non-Hodgkin lymphoma; 6,957 leukaemia; 20,387 lung and 2,709 thyroid (Table 1). Four con-
trols for each case (733,136 in total) were selected. Fig 1 shows the flow chart of the selection
process of the study participants.

Table 1. Association between selected cancers and number of Metabolic syndrome components.

Metabolic Syndrome n(%)

0 components 1 component 2 components MS(>3 components)
N total 253661 236777 175968 250014
Digestive
Colorectal Cancer 7957 (22.0) 9157 (25.3) 7394 (20.4) 11696 (32.3)
Controls 35959 (24.8) 37848 (26.1) 28849 (19.9) 42160 (29.1)
Liver Cancer 1067 (18.5) 1483 (25.8) 1239 (21.5) 1965 (34.2)
Controls 5994 (26.0) 5967 (25.9) 4477 (19.5) 6578 (28.6)
Pancreas Cancer 996 (18.4) 1257 (23.2) 1168 (21.6) 1996 (36.8)
Controls 5252 (24.2) 5488 (25.3) 4387 (20.2) 6541 (30.2)
Gynecological
Pre-Menopause Breast Cancer 8251 (60.8) 3130 (23.1) 1243 (9.2) 948 (7.0)
Pre-Menopause Controls 32397 (60.1) 11798 (21.9) 5249 (9.7) 4480 (8.3)
Post-Menopause Breast Cancer 5552 (23.1) 6655 (27.6) 4672 (19.4) 7196 (29.9)
Post-Menopause Controls 23359 (24.2) 26665 (27.6) 18624 (19.3) 28016 (29.0)
Pre-Menopause Endometrial Cancer 515 (45.8) 272 (24.2) 157 (14.0) 180 (16.0)
Pre-Menopause Controls 2530 (56.7) 1045 (23.4) 466 (10.4) 422 (9.5)
Post-Menopause Endometrial Cancer 647 (15.2) 942 (22.1) 842 (19.8) 1831 (43.0)
Post-Menopause Controls 4074 (23.9) 4512 (26.4) 3362 (19.7) 5133 (30.1)
Urological
Bladder Cancer 4152 (20.0) 5281 (25.4) 4484 (21.6) 6882 (33.1)
Controls 20233 (24.3) 21474 (25.8) 17261 (20.7) 24228 (29.1)
Kidney Cancer 1517 (22.2) 1756 (25.7) 1298 (19.0) 2262 (33.1)
Controls 8012 (29.3) 6848 (25.1) 5138 (18.8) 7334 (26.8)
Prostate Cancer 6725 (21.8) 8836 (28.6) 6940 (22.5) 8387 (27.2)
Controls 29141 (23.6) 32839 (26.6) 26110 (21.1) 35462 (28.7)
Hematological
Hodgkin Lymphoma 291 (42.7) 141 (20.7) 116 (17.0) 134 (19.6)
Controls 1220 (44.7) 642 (23.5) 379 (13.9) 487 (17.9)
Non-Hodgkin Lymphoma 1115 (30.8) 909 (25.1) 677 (18.7) 920 (25.4)
Controls 4895 (33.8) 3624 (25.0) 2482 (17.1) 3483 (24.0)
Leukaemia 1532 (22.0) 1788 (25.7) 1443 (20.7) 2194 (31.5)
Controls 7334 (26.4) 7157 (25.7) 5426 (19.5) 7911 (28.4)
Others
Lung Cancer 5005 (24.5) 5303 (26.0) 4050 (19.9) 6029 (29.6)
Controls 22142 (27.2) 20694 (25.4) 16031 (19.7) 22681 (27.8)
Thyroid Cancer 1002 (37.0) 663 (24.5) 461 (17.0) 583 (21.5)
Controls 4795 (44.3) 2603 (24.0) 1543 (14.2) 1895 (17.5)

https://doi.org/10.1371/journal.pone.0264634.t001
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Baseline characteristics of cases and controls are summarized in Table 2. The mean age of
cases and controls was 67.5 years (SD 12.4). Women accounted for 56.3% of study participants.
Table 1 shows the distribution of the composite variable related to the number of MS compo-
nents by different types of cancer. An association was observed between the number of MS
components and all cancers studied, except for pre-menopausal breast cancer, prostate cancer
and Hodgkin Lymphoma. MS prevalence was higher in cases than in controls except for pre-
menopausal breast cancer (7.0% vs. 8.3%) and prostate cancer (27.2% vs. 28.4%). The cancer
with the highest prevalence of MS was post-menopausal endometrial cancer (43.0% in cases
compared to 30.1% in matched controls).

Hypertension was the most frequent component of MS among the patients included in the
study with exposure to only one component (80.3 and 80.4 cases and controls, respectively). In
patients exposed to two components, the most frequent combination was hypertension + high
glycemia (47.1 and 46.3 cases and controls, respectively). Lastly, in patients exposed to >3
components, the most frequent combination was hypertension + high glycemia + obesity (17.5
and 17.7 cases and controls, respectively) (S1 Table).

Regarding controls, more MS components (gradient from 0 to > 3) were observed in
women, older patients, participants living in deprived areas, smokers and patients with a lower
registered consumption of paracetamol, ASA and ibuprofen (S2 Table).

The cancer types associated with MS in the adjusted models were post-menopausal endo-
metrial (OR 2.46, 95%CI 2.20-2.74), pre-menopausal endometrial (OR 2.14, 95%CI 1.74-
2.65), liver (OR 1.93, 95%CI 1.74-2.14), kidney (OR 1.84, 95%CI 1.69-2.00), pancreas (OR
1.79, 95%CI 1.63-1.98), thyroid (OR 1.71, 95%CI 1.50-1.85), leukaemia (OR 1.42, 95%CI
1.31-1.54), bladder (OR 1.41, 95%CI 1.34-1.48), colorectal (OR 1.28, 95%CI 1.23-1.32), non-
Hodgkin lymphoma (OR 1.23, 95%CI 1.10-1.38), lung (OR 1.11, 95%CI 1.05-1.16) and post-
menopausal breast (OR 1.10, 95%CI 1.06-1.15). No association was found between MS and
Hodgkin lymphoma (OR 1.19, 95%CI 0.78-1.82). The ORs in gynaecological cancers were
higher in post-menopausal (OR: 1.10 95%CI: 1.06-1.15 and OR: 2.46 95%CI: 2.20-2.75 for
breast and endometrial cancer, respectively) than pre-menopausal women (OR: 0.85, 95%CI:
0.78-0.92 and OR: 2.14 95%CI: 1.74-2.65 for breast and endometrial cancer, respectively)

(Fig 2).

The increasing number of MS components positively correlates with cancer risk in adjusted
models, except for prostate, lung, pre-menopausal breast cancer and non-Hodgkin lymphoma.
With the increasing number of MS components, the protective power on pre-menopausal
breast cancer increase. Interestingly, while MS was not associated with increased risk of pros-
tate cancer, there was a correlation between the presence of 1 or 2 components of MS and the
risk of this cancer (OR 1.15,95%CI 1.11-1.19 and OR 1.14, 95%CI 1.10-1.19 for 1 and 2 com-
ponents, respectively). In contrast, the risk of lung cancer was similar for participants with 1, 2
and > 3 (MS) components (OR 1.09, 95%CI 1.05-1.15 and OR 1.08. 95%CI 1.02-1.13 for 1
and 2 components and OR 1.11. 95%CI 1.05-1.16 for MS). Participants with 1 or 2 compo-
nents presented a higher risk of pre-menopausal breast cancer than participants with MS (OR
1.03, 95%CI 0.98-1.08 and OR 0.94, 95%CI 0.88-1.01 for 1 and 2 components and OR 0.85,
95%CI 0.78-0.92 for MS). Participants with 2 components presented a similar risk of non-
Hodgkin lymphoma than participants with MS (Fig 2).

We stratified all MS-cancer associations by sex (Fig 3). For colorectal and lung cancer, the
risk of MS was higher in men (OR: 1.33 95%CI 1.27-1.40 and OR: 1.14 95%CI 1.08-2.20,
respectively) than in women (OR: 1.20 95%CI: 1.14-1.27 and OR: 1.01 95%CI: 0.90-1.12,
respectively). The p-values for the interaction between sex and MS were 0.004 and 0.002 for
colorectal and lung cancer, respectively. Stratification by sex did not show further differences
in the association between MS and cancer.
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Table 2. Characteristics of cancer cases and matched controls.

All Cases n(%) | All Controls n(%)
N total 183284 733136
Age mean (SD) 67.5(12.4) 67.5(12.4)
Median (IQR) 68 (58-77) 68 (58-77)
Metabolic Syndrome
No component 46324 (25.3) 207337 (28.3)
1 component 47573 (26.0) 189204 (25.8)
2 components 36184 (19.7) 139784 (19.1)
MS 53203 (29.0) 196811 (26.8)
Sex
Men 80051 (43.7) 320204 (43.7)
Women 103233 (56.3) 412932 (56.3)
Nationality
Spanish 178241 (97.2) 691888 (94.4)
Non-Spanish 5043 (2.8) 41248 (5.6)
MEDEA index
Quintile 1 29788 (16.3) 117426 (16.0)
Quintile 2 26394 (14.4) 104654 (14.3)
Quintile 3 25126 (13.7) 102756 (14.0)
Quintile 4 23655 (12.9) 100601 (13.7)
Quintile 5 20359 (11.1) 88566 (12.1)
Rural 33951 (18.5) 138931 (19.0)
Missings 24011 (13.1) 80202 (10.9)
Smoking status
Never smoker 58529 (31.9) 248919 (34.0)
Ex-smoker 20881 (11.4) 75228 (10.3)
Smoker 19780 (10.8) 62682 (8.5)
Missings 84094 (45.9) 346307 (47.2)
Alcohol intake
No consumption 58923 (32.1) 233338 (31.8)
Low consumption 34357 (18.7) 127687 (17.4)
High consumption 3561 (1.9) 10967 (1.5)
Missings 86443 (47.2) 361144 (49.3)
Hormonal therapy (women postmenopausia)
No consumption 54999 (93.4) 220858 (93.5)
Consumption 3916 (6.6) 15250 (6.5)
Paracetamol
No consumption 129196 (70.5) 530011 (72.3)
Consumption 54088 (29.5) 203125 (27.7)
Acetylsalicylic acid (ASA)
No consumption 151326 (82.6) 610683 (83.3)
Consumption 31958 (17.4) 122453 (16.7)
Ibuprofen
No consumption 156708 (85.5) 633580 (86.4)
Consumption 26576 (14.5) 99556 (13.6)
Chronic Hepatitis
No hepatitis 181927 (99.3) 724036 (98.8)
Hepatitis B 258 (0.1) 2114 (0.3)

(Continued)
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Table 2. (Continued)

All Cases n(%) | All Controls n(%)
Hepatitis C 1078 (0.6) 6853 (0.9)
Other/unspecified hepatitis 21 (0) 133 (0)
Menarche age mean (SD) 12.6 (1.6) 12.7 (1.6)
Median (IQR) 13 (12-14) 13 (12-14)
Missings n(%) 63746 (79.6) 258683 (80.8)
Menopause
No 21136 (26.4) 84096 (26.3)
Yes 58915 (73.6) 236108 (73.7)
Primary care visits between 2 and 4 years before data index mean (SD) 14.2 (17.4) 13.5(17.6)
Median (IQR) 9 (1-21) 8 (0-20)

SD, Standard Deviation; IQR, Inter Quartile Range, MS, Metabolic Syndrome.

https://doi.org/10.1371/journal.pone.0264634.t1002

The association between MS and lung cancer changed when the analysis was stratified
according to smoking status (interaction term p value <0.001); the risk in smokers and ex-
smokers was higher than in non-smokers (OR: 1.34 95%CI: 1.18-1.52 in smokers, OR: 1.19
95%CI 1.04-1.35 in ex-smokers and OR: 0.93 95%CI: 0.85-1.01 in non-smokers). (Table 3).

We performed two sensitivity analyses in which we altered the main definition of MS.

In the first analysis, two abnormal measures were used to ensure that the patient was
exposed to that component. In a second analysis, we used WC instead of BMI to report obesity.
The results in sensitive analyses using two measures to define MS components were similar for
almost all cancers. However, for liver, kidney and Hodgkin lymphoma the ORs in the models
with two measures were slightly higher than the ORs of the main models. The largest differ-
ence was found for kidney cancer (OR: 1.84 95%CI 1.69-2.00 vs. OR: 2.23 95%CI 1.95-2.60, in
one and two measures, respectively). The ORs were similar when WC was used instead of
BMI, except for prostate and lung cancer, although the sample was small due to the high num-
ber of missing values. In the main analysis, MS was not associated with prostate cancer. How-
ever, when using WC instead of BMI, MS was inversely associated with prostate cancer (OR:
1.02 95%CI 0.98-1.06 vs. OR: 0.70 95%CI 0.55-0.90, respectively). In contrast, in the main
analysis MS was a risk factor for lung cancer and when using WC, MS was not associated with
lung cancer (OR: 1.11 95%CI 1.05-1.16 vs. OR: 1.01 95%CI 0.70-1.450, respectively (S3
Table)). The Kappa concordance index between BMI and WC was 0.492.

Discussion

In this large population-based study, MS was associated with an increased risk of 11 out of 13
cancers, namely endometrial, liver, kidney, pancreas, leukaemia, bladder, colorectal, non-
Hodgkin lymphoma, lung and post-menopausal breast, although the effects differed substan-
tially by cancer type. An increasing number of MS components positively correlated with a sig-
nificant increase in cancer risk in adjusted models, except for non-Hodgkin lymphoma and
prostate, lung and pre-menopausal breast cancer. The observed effect sizes for the cancers
associated with MS in our data were broadly consistent with previous studies [7, 9, 13-15, 28-
34]. Contrary to our study, Park et al. reported a weaker association between MS and thyroid
cancer [14], while Almquist and colleagues failed to report any association [35] using a z-score
(standard score) calculation that included all 5 components of MS. In agreement with other
studies, our results do not show an association between MS and prostate cancer or Hodgkin
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Fig 2. Adjusted ORs and 95% confidence intervals according to metabolic syndrome by selected cancers. ORs are
presented by squares, with their 95% ClIs as horizontal lines; OR, odds ratio; CI, confidence interval. Reference
category is 0 components. All models are adjusted by age, MEDEA Deprivation Index, smoking status and nationality.
*Also adjusted by hepatitis and others liver diseases. Multiple imputation by chained equations with 20 imputed
datasets were applied to outcomes and covariates.

https://doi.org/10.1371/journal.pone.0264634.g002

lymphoma [36]. The results from studies on prostate cancer and MS are inconclusive; some
studies report a reduced risk [5, 12] and others report an increased risk [10, 37] while our
study found no significant risk of prostate cancer associated with MS. These discrepancies
might be explained by Hammarsten’s hypothesis [38] that MS inversely correlates with local-
ised prostate cancer and positively with advanced disease. Furthermore, a study of Gomez-

PLOS ONE | https://doi.org/10.1371/journal.pone.0264634 March 4, 2022 10/17


https://doi.org/10.1371/journal.pone.0264634.g002
https://doi.org/10.1371/journal.pone.0264634

PLOS ONE

Metabolic syndrome and risk of cancer

CANCER MS ——Men --@-- Women
Digestive
Colorectal 1 component [
2 components PO
MS (e
Lver  1component rm=meea

2 components

Pancreas 1 component

2 components

MS
Urological
Bladder 1 component
2 components
MS
Kidney  1component 4

2 components

MS
Haematological
Hodgkin 1 component
lymphoma 2 components

MS
NonHodgkn  1component
lymphoma 2 components
Leukaemia 1 component

2 components

MS
Others
Lung 1 component
2 components
MS
Thyod  tcomponent  ——me—

2 components
MS

OR

Fig 3. Adjusted ORs and 95% confidence intervals according to metabolic syndrome by selected cancers and sex.
ORs are presented by squares (in men) and circles (in women), with their 95% confidence intervals as horizontal lines;
OR, odds ratio. Reference category is 0 components. All models are adjusted by age, MEDEA Deprivation Index,
smoking status and nationality. * Also adjusted by hepatitis and others liver diseases. Multiple imputation by chained
equations with 20 imputed datasets were applied to outcomes and covariates.

https://doi.org/10.1371/journal.pone.0264634.9003

Gomez et al., showed that each of the individual criterion of MS, circulating testosterone levels
and inflammatory status may have on the risk and aggressiveness of prostate cancer [10]. In
the case of gynaecological cancers, menopausal status was a determinant factor, especially in
breast cancer. In agreement with previous studies, we observed that MS increased breast can-
cer risk in post-menopausal women, and decreased it in pre-menopausal women [7, 29]. Previ-
ous investigations proposed that each component of the metabolic syndrome is connected
with systemic alterations. Concerning breast cancer, it has been proposed that components of
MS, especially obesity, play different roles in cancer risk according to menopausal status and
estrogen receptor status [39]. Obesity is associated with decreased risk of estrogen receptor—
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Table 3. Adjusted ORs of metabolic syndrome and lung cancer according to tobacco consumption.

OR
Lung cancer in general
No components 1.00
1 component 0.97
2 components 0.91
MS 0.93

OR, odds ratio; CI, confidence interval.

Non-smoker Ex-smoker Smoker
95% CI P-value OR 95% CI P-value OR 95% CI P-value
0.099" 1.00 0.033' 1.00 <0.001"
0.90-1.05 0.042> 1.16 1.02-1.31 0.026> 1.25 1.11-1.41 <0.001%
0.84-1.00 1.15 1.01-1.32 1.31 1.15-1.50
0.85-1.01 1.19 1.04-1.35 1.34 1.18-1.52

Models adjusted by age, medea, alcohol and nationality

'Wald test.
2P-Trend.

Multiple imputation by chained equations with 20 imputed datasets were applied to outcomes and covariates.

https://doi.org/10.1371/journal.pone.0264634.t003

positive breast cancer in premenopausal women, but it is closely related with increased risk of
estrogen receptor—positive breast cancer in postmenopausal women [7, 29, 40].

The risk of most cancers was higher in individuals with MS than in patients with one or
two components of MS. In agreement with the literature [9, 13-15, 28, 31, 34], a positive corre-
lation between MS components and risk of cancer was found in eight of these eleven cancers
(colorectal, liver, pancreas, post-menopausal breast, pre- and post-menopausal endometrial,
bladder, leukaemia, and thyroid).

Mechanisms that link metabolic syndrome and cancer risk are not fully understood. Meta-
bolic syndrome may be a surrogate marker for other cancer risk factors, such as decreased
physical activity, consumption of high—calorie dense foods, high dietary fat intake, low fiber
intake, and oxidative stress [7].

In accordance with previous studies, when stratifying by gender, the risk of colorectal, lung
and bladder cancer was higher in men [7, 9, 15, 30]. The positive association between MS and
lung cancer was greater in smokers, corroborating the results reported in a recent cohort study
[15].

While MS has multiple definitions, the most widely recognised criteria to construct MS
belong to the NCEP ATP III and the IDF [1]. A study by Qiao et al. found similar results when
comparing NCEP ATP III and IDF criteria for the association between MS and lung cancer
[41, 42]. In contrast, Xiang and colleagues found that MS was a risk factor for breast cancer fol-
lowing IDF criteria, whereas no statistical association could be established using NCEP ATP
III criteria [39].

We also conducted a sensitivity analysis, in which we required two abnormal measurements
of each component for diagnosis, and found that it did not significantly affect the results.
When using WC in the analysis instead of BMI, the ORs obtained were similar except for lung
and prostate cancer. However, the Kappa index between both measurement methods was low.
Since we only had WC measurements for 15% of the population and the number of missing
values of this variable was too high, we used BMI criteria for obesity in agreement with other
publications [5, 31, 34]. Furthermore, when Montella et al. performed similar sensitivity analy-
ses, their results did not significantly change [9], and Gomez-Gomez et al. found a strong cor-
relation between BMI and WC [10].

Our study has several strengths. Firstly, we used a large data source with sufficient statistical
power to investigate associations of less frequent cancers (i.e. Hodgkin and non-Hodgkin lym-
phoma and thyroid). Consequently, we have been able to present the first results on the
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association between MS and haematological malignancies. SIDIAP patients broadly represent
the wider population, suggesting good generalizability to the Catalonian and similar popula-
tions. In 2019, Recalde et al. [19] validated the diagnosis of cancer in the SIDIAP and the result
was that the SIDIAP includes 76% of cancers recorded in the cancer registries [43-45].

Our study also has limitations. Firstly, we assumed that once a person had an abnormal
result, this person was constantly exposed to this component even if later results showed
improvement. Some evidence points at the concept of metabolic memory, i.e., even when an
individual stops meeting MS criteria, they are still at higher risk of specific cancers (i.e. kidney
cancer) [13]. Also, the lack of data on other possible confounders influencing the relationship
between MS and cancer, such as physical activity and parity, or information related to previous
treatment for other health conditions might have biased the results. In addition, it is necessary
to explore the potential association of specific MS criteria and risk of specific cancer types in
future studies. This is a case-control study, when estimating the association between MS and
cancer; however, we were not able to estimate cumulative incidences or other types of absolute
risks, which would have been useful to put the relative increase in absolute terms. The tobacco
and alcohol variables have a high percentage of missing values (45.9% and 47.2% for tobacco
and alcohol, respectively). This is a significant limitation to our study which we have attempted
to mitigate through multiple imputation. While it’s true that multiple imputation has its own
set of biases, current theory suggests that the multiple imputation bias is smaller than the anal-
ysis with completed-cases. Considering only the complete-cases of the database would result in
a smaller sample size, loss of statistical power and theoretically with more bias [46].

The increasing prevalence of MS worldwide and the high incidence of some cancers sug-
gests that a large number of cancer cases diagnosed every year are related to the metabolic syn-
drome. There is a compelling need for evidence on whether effective interventions to reduce
the prevalence of metabolic syndrome in adult populations could reduce cancer risk. The for-
mulation of public health strategies based on lifestyle changes could obtain significant results
in the fight against cancer. Investigating the role of MS as a risk factor of specific cancers is cru-
cial to diagnose and treat cancer in earlier stages.

In summary, MS is associated with a higher risk of developing at least 11 cancer types. The
risk of most cancers increased with the number of MS components present in an individual.
Our results indicate that prevention strategies targeting individual components of MS could
reduce the risk of several cancer types.
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Resumen resultados segundo articulo:

Los hallazgos indican que los componentes del SM presentan una asociacion
significativa con un aumento en la incidencia general de cancery con 10 de los 13
tipos de cancer evaluados. Tanto los componentes individuales como sus
combinaciones contribuyen de manera diferenciada al riesgo, subrayando que el
riesgo de cancer aumenta progresivamente con el nimero de componentes del SM,
alcanzando su punto maximo en aquellos con cinco componentes en comparacion
con quienes tienen cuatro o menos.

En términos de incidencia acumulada a cinco afos, los individuos con un
componente del SM mostraron una incidencia de cancer del 5,4%, mientras que
esta se incrementd al 8,1% en aquellos con los cinco componentes. En
comparacion, los individuos emparejados sin componentes del SM tuvieron una
incidencia de cancer ligeramente inferior.

El andlisis detallado de las combinaciones de componentes del SM identificé al
colesterol HDL como el componente con la asociacién mas fuerte con el riesgo de
cancer en general, seguido por la glucemia, la hipertensién arterial (HTA), los
triglicéridos y la obesidad. Las combinaciones de dos componentes que incluyeron
colesterol HDL o glucemia estuvieron asociadas con un mayor niumero de tipos de
cancer gue cualquier otra combinacién. Particularmente, la combinacién de dos
componentes "HDL+Glucemia" fue la que mostro la asociacion positiva mas alta
con el riesgo de cancer en hombres, mientras que la combinacion “HDL+HTA” fue
la que mostrd la asociacidon mas grande en mujeres. Por otra parte, la combinacion
"TG+Obesidad" estuvo vinculada exclusivamente al riesgo de cancer endometrial
postmenopausico.

Ademas, el estudio reveld importantes diferencias segln el sexo. La incidencia
general de cancer resultd superior en hombres en relacion con las mujeres, y la
edad promedio al momento del diagnéstico fue mas elevada en mujeres. En
hombres, el colesterol HDL fue el componente con la asociacidon mas fuerte con el
riesgo de cancer, mientras que en mujeres lo fue la glucemia. Este hallazgo subraya
la posible influencia de diferencias bioldgicas y hormonales en cdmo se vinculan
los componentes del SM con el riesgo de cancer.
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1 | INTRODUCTION

Metabolic Syndrome (MS) is characterized by a collection
of cardiometabolic risk factors that commonly co-exist.
These factors include obesity, hypertension, dyslipidemia,
and insulin resistance. The prevalence of MS in adults in
Europe is about 10%-30%. In USA, the prevalence of MS
was 32.5% in the 2011-2012 and increased to 36.9% in
2015-2016.2 The prevalence of MS represents a significant
public health concern, and with rising rates of overweight
and obesity anticipated in the future, the number of in-
dividuals affected by MS is projected to increase further.’
Although MS was in the beginning regarded as a likelihood
for diabetes and cardiovascular disease,”* recent articles, in-
cluding one from our group,” have also identified a rela-
tionship among MS and various types of cancer.”®

The fundamental pathophysiological mechanism
linking MS and cancer remains poorly comprehended.
Separate factors of MS such as obesity,”'® elevate glu-
cose levels and hypertension''"? have been linked inde-
pendently to an increased risk of various cancer types.
Nevertheless, prior research has determined that the si-
multaneous presence of obesity and insulin resistance
may constitute the primary factors underlying the link
between MS and cancer.>'>'*

Obesity and others poor metabolic status, such as MS,
have risen significantly in recent times,"”> and these condi-
tions are correlated with contemporary Western lifestyles. In
a previous study,” we observed an association between MS
and different cancers utilizing relative risks, though abso-
lute risks were not explored. Additionally, few studies have
investigated the connection between the individual compo-
nents of MS and their combinations with the risk of a wide
numbers of cancers.'®”'® Only one of these studies was
population-based, with a large database. There is a need to
provide new evidence based on a large sample and focusing
on the combination of individual MS components, a range of

combinations with the highest risk of overall cancer. In combinations with two
components, the highest HR was HDL+Glycemia (HR 1.52, 95% CI: 1.45-1.59) and
Glycemia+HBP (HR 1.48, 95% CI: 1.45-1.50). In combinations with three compo-
nents, the highest HR was HDL+Glycemia+HBP (HR 1.58, 95% CI: 1.55-1.62).

Conclusion: In summary, having one or more MS components raises the risk of
developing at least 11 cancer types and these risk differ according to type of com-
ponent included. Some sex differences are also observed. Our findings suggest
that implementing prevention measures aimed at specific MS components may

lower the risk of various cancer types.

cancer risk factors, epidemiology, metabolic studies, registries

different cancer types, and using both relative and absolute
measures of association. In our previous study,” odds ratios
were employed to assess the relationship between MS com-
ponents and various types of cancer. Nevertheless, the ob-
jective of this present study is to expand our understanding
by incorporating hazard ratios (HR) alongside absolute mea-
sures of association. While relative measures, such as HR,
provide insights into the temporal aspects of the association,
absolute measures, such as risk differences or absolute risks,
allow us to quantify the direct impact of these relationships
on the overall risk in the population. This dual approach not
only enhances the comprehensiveness of our analysis but
also ensures a more robust and nuanced interpretation of the
intricate links between MS components and diverse cancer
types among different populations.

The aim of this study is thus to examine the relation-
ship among MS, its components, and the likelihood of
developing overall cancer, along with the risk of 13 spe-
cific types of cancer. Both relative and absolute measures
of association will be utilized to ensure a comprehensive
understanding of these relationships.

2 | MATERIALS AND METHODS

2.1 | Design

We conducted a cohort study using data collected pro-
spectively from the Information System for Research in
Primary Care (SIDIAP; www.sidiap.org).

2.2 | Data Source and setting

Datawere collected from the SIDIAP database, covering the
period from January 1, 2006, to December 31, 2017, which
consists of the electronic health records of 286 primary


http://www.sidiap.org

LOPEZ-JIMENEZ ET AL.

healthcare centers (approximately 5.8 million individuals,
75% of the residents of Catalonia, Spain).19 The SIDIAP
contains information on sociodemographic characteris-
tics and clinical diagnoses, coded using the International
Classification of Diseases, 10th revision (ICD-10), clinical
parameters, laboratory tests outcomes and prescriptions
and dispensations of medicines (using the Anatomical
Therapeutic Chemical (ATC) Classification Sysl,‘em).20

2.3 | Study population

We included all participants aged 40years or older who
did not have a prior cancer diagnosis as of the index date,
which was either January 1, 2008, or the date when a par-
ticipant turned 40years of age if they were younger than
40 on January 1, 2008. We followed participants starting
from the index date until they were diagnosed with their
first incident (primary) cancer, until their death, until
they were no longer part of the SIDIAP database, until
they reached the age of 100years, or until the conclusion
of the study period (December 31, 2017). There was no
minimum follow-up time.

Patients were excluded from participation if two differ-
ent cancer types were registered on the same date, if they
presented with secondary cancers and metastases, if men
were diagnosed with breast cancer, or there was a possi-
ble error in diagnosis (men with endometrial cancer or
women with prostate cancer).

Information regarding the study's structure and the ac-
curacy of the initial measurements has been documented
in other publications.>***

2.4 | Cancer definition

Cases of cancer were identified as individuals diagnosed
with cancer for the first time between January 1, 2008,
and December 31, 2017. We included all cancers regis-
tered in the database (ICD-10 C00-C99). However, when
the analysis was stratified by cancer type, the following
cancers were included: colorectal (C18+C20), prostate
(C61), liver (C22), bladder (C67), endometrial (C54),
pancreas (C25), breast (C50), lung (C34), kidney (C64),
thyroid (C73), Hodgkin lymphoma (C81), non-Hodgkin
lymphoma (C82-85), leukemia (C91-95) and other can-
cers (C00-C99 not included in the above definitions). We
excluded benign tumors and tumors with uncertain or un-
known behavior (D01-D48). The analyses for breast and
endometrial cancer were stratified according to menopau-
sal status (pre- and post-), guided by evidence suggesting
different effects of obesity and estrogens during these two
life stages.”

.. 30f14
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2.5 | MS definition

As per criteria set by the American Heart Association/
National Heart, Lung, and Blood Institute (AHA/NHLBI),
a diagnosis of MS is established in a patient if they exhibit
three or more of the following components: Obesity, high
blood pressure (HBP), reduced HDL cholesterol, elevated
Triglycerides (TG) and high Glycemia.! We character-
ized obesity as a body mass index (BMI) exceeding 30kg/
m?, serving as a measure of overall adiposity. Details of
the definition of MS have been published elsewhere.”
In cases where multiple measurements for a component
were documented on the same day, we calculated the
mean of these values.

MS was treated as time-varying factor.>* Individuals
were considered unexposed until presenting with at least
one MS component. Then, they were considered exposed
to one component until presenting a second component.
If they presented a second component, they were consid-
ered exposed to two components until presenting a third
component, and so on.

Based on these definitions, we generated a combined
variable ranging from 0 to 5 MS components, representing
the presence of MS components.

2.6 | Covariables

We also extracted information on age, sex, nationality
(Spanish, non-Spanish), the MEDEA deprivation index*
(a census tract-based deprivation index used as a proxy
of socioeconomic status in urban areas), smoking status,
alcohol intake calculated in standard units, dispensation
of drugs such as hormonal replacement therapy in meno-
pausal women (ATC GO03), paracetamol, aspirin, ibupro-
fen, presence of hepatitis and menopause (ICD-10N95).
For women lacking data regarding menopausal status,
we considered being >50years of age as indicative of post-
menopausal status. For covariates with missing data, a
“missing” response category was created.

2.7 | Statistical analysis

We conducted a descriptive analysis of the baseline popu-
lation, utilizing the mean (standard deviation) and me-
dian (percentile 25-percertile 75) for numerical variables
and percentages for categorical variables, stratified by the
number of MS components.

A subsample was created using a matched cohort. In
this subsample, a descriptive analysis and cumulative
incidence curves were computed to determine the time
elapsed between the date of having at least one of the MS
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components prior to cancer incidence, compared to age-
and sex-matched participants with no MS components.
Sex matching was exact, while age matching had an inter-
val of plus/minus 90days. Each MS case was paired with
a participant without MS components at the time of the
pairing.

In the general cohort sample, we fitted Cox propor-
tional hazards models with age as the underlined time
scale to estimate hazard ratios (HR) and 95% confidence
intervals (CI) for the association of the numbers of MS
components, the combinations of different MS com-
ponents, and individual numbers of MS components
in relation to later cancer incidence, calculated sepa-
rately for each cancer type. The cumulative incidence
probability of cancer was estimated using the Aalen-
Johansen estimator, which takes competing risks into
account. Individuals with cancer contributed time to
the study from their index date until their cancer diag-
nosis, whereas individuals without cancer contributed
time to the study from their index date until the con-
clusion of follow-up, date of death, or date of exit from
the study, whichever occurred first. All models were
adjusted for the MEDEA Deprivation Index, smoking
status (never, former, current), alcohol intake (no con-
sumption, low consumption, high consumption, and
nationality Spanish, others). Hepatitis (B, C, and other/
unspecified hepatitis) and other liver diseases (alcoholic
liver disease, toxic liver disease, inflammatory liver dis-
ease, liver disease, unspecified, cystic liver disease) were
accounted as a covariable in the analysis of liver cancer.
Sensitivity analyses were conducted by rerunning the
analyses excluding cases with non-melanoma skin can-
cer (C44).

All statistical analyses were conducted using the soft-
ware packages Stata 17 (StataCorp LLC., College Station,
Texas, USA) and R version 4.1.2.

3 | RESULTS

This study included 3,918,781 participants, of whom
315,803 were diagnosed with cancer during the follow-
up. The distribution of individuals with cancer was as
follows: 36,270 colorectal; 5751 liver; 5421 pancreatic;
37,954 breast (7802 pre-menopausal and 29,819 post-
menopausal); 5381 endometrial (464 pre-menopausal
and 4914 post-menopausal); 20,788 bladder; 6824 kid-
ney; 30,839 prostate; 681 Hodgkin lymphoma; 3611 non-
Hodgkin lymphoma; 6950 leukemia; 20,376 lung, 2707
thyroid, and 132,250 other cancers. We excluded 333 men
with breast cancer and 7 individuals with an error in the
cancer diagnosis (three men with endometrial cancer and
four women with prostate cancer).

Baseline characteristics of all individuals categorized by
the count of MS components are summarized in Table 1.
During the study period, 1,990,124 individuals were diag-
nosed with 1 MS, 1,542,436 individuals were diagnosed
with 2 MS, 1,332,084 were diagnosed with 3 MS, 672,031
were diagnosed with 4 MS and 259,549 were diagnosed
with 5 MS. On average, those without any MS components
were younger (mean age 47.9). Additionally, participants
with a greater number of MS components tended to be
older (mean age 56.0, 59.6, 61.9, 63.2, and 64.2years for
those with 1, 2, 3, 4, and 5 MS components, respectively).
Women accounted for 49.5% of participants with no com-
ponents and 51.2%, 50.6%, 51.8%, 52.9%, and 57.5% in par-
ticipants with 1 -5 MS components, respectively.

Table 2 shows the mean time until cancer diagnosis
according to number of components affected. Patients ex-
posed to metabolic syndrome were diagnosed with cancer
earlier than those not exposed. Furthermore, the diagno-
sis was earlier according to number of components added.
Specifically, the mean time until cancer diagnosis was
(years): 4.35, 4.06, 3.87, 3.68, and 3.46 according to 1, 2, 3,
4, and 5 components respectively.

In Figure 1, we compared the cumulative incidence of
any cancer between people with 1, 2, 3, 4, and 5 MS com-
ponents and people without MS components, matched by
age and sex. The cumulative cancer incidence at 5years
in individuals with 1 MS component was 5.4% (vs. 4.3%
in participants with no components of MS), and the in-
cidence increased to 11.7% at 10years (vs. 10.3% in par-
ticipants with no components MS). These percentages are
higher when the individuals have more MS components.
For example, in individuals with 5 MS components, the
cumulative cancer incidence at 5years was 8.1% and the
cumulative cancer incidence at 10years was 15.8%. The
results are similar when stratifying by cancer type, apart
from pre-menopausal breast cancer (higher incidence in
participants with no MS component), pre-menopausal
endometrial cancer (no differences), and prostate can-
cer (lower incidence in participants with three or more
MS components compared to non-exposed patients)
(Figures S1-S17).

We examined the HRs of all possible combinations
using a variable with multiple categories, where each cate-
gory represents a different combination, as can be observed
in Figure 2. The group with no MS components was used
as the reference category (Figure 2), HDL and Glycemia
stood out as individual factors associated with the high-
est risk of overall cancer (HR 1.46, 95% CI: 1.41-1.52, and
HR 1.40, 95% CI: 1.37-1.44 for HDL and Glycemia, respec-
tively). In participants exposed to two components, the
combinations with higher HR were HDL+Glycemia (HR
1.52,95% CI: 1.45-1.59), Glycemia+HBP (HR 1.48,95% CI:
1.45-1.50), and HDL+HBP (HR 1.44, 95% CI: 1.41-1.48).
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TABLE 2 Mean time until cancer diagnosis according to number of components affected.
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Age Cancer risk Follow-up until cancer (years)

N Mean (SD) Median (IQR) N (%) Mean (SD) Median (IQR)
1 component 1,990,124 56.0 (13.9) 55.1 (44.0-64.8) 152,478 (7.66%) 4.35(2.81) 4.14 (1.91-6.63)
No components 1,990,124 56.0 (13.9) 55.1 (44.0-64.8) 124,777 (6.27%) 4.63(2.73) 4.49 (2.29-6.84)
2 components 1,542,436 59.6 (13.9) 58.1(47.9-69.8) 133,821 (8.68%) 4.06 (2.74) 3.76 (1.67-6.20)
No components 1,542,436 59.6 (13.9) 58.1 (47.9-69.8) 113,793 (7.38%) 4.25 (2.69) 4.00 (1.95-6.36)
3 components 1,100,966 61.9 (13.6) 61.1 (50.9-72.1) 100,096 (9.09%) 3.87(2.68) 3.51 (1.56-5.91)
No components 1,100,966 61.9 (13.6) 61.1(50.9-72.1) 87,421 (7.94%) 4.03 (2.64) 3.71 (1.78-6.07)
4 components 672,031 63.3(13.1) 63.0 (53.1-73.2) 60,630 (9.02%) 3.68 (2.61) 3.27 (1.44-5.59)
No components 672,031 63.3 (13.1) 63.0 (53.1-73.2) 52,312 (7.78%) 3.82(2.58) 3.46 (1.62-5.74)
5 components 259,549 64.2 (12.5) 64.2 (54.8-73.7) 22,112 (8.52%) 3.46 (2.52) 3.04 (1.30-5.28)
No components 259,549 64.2 (12.5) 64.2 (54.8-73.7) 19,023 (7.33%) 3.59 (2.50) 3.15 (1.48-5.35)

Note: Participants with altered MS components compared with participants with no components, matched by age and sex. N: Number of individuals with
MS components (between 1 and 5) and individuals with o MS components matched by age and sex. Age: Mean (SD) and median (IQR) age at which the SM

component(s) was diagnosed. Cancer incidence: Number of individuals who have developed cancer and the % of individuals who have developed cancer
among the total. Follow-up until cancer: Mean (standard deviation) and median (IQR) of years of follow-up of people who have developed cancer.

Abbreviations: IQR, inter quartile range (percentiles 25 and 75); SD, standard deviation.

In participants with three components, the combination
with the highest HR was HDL+Glymecia+HBP (HR 1.58,
95% CI: 1.55-1.62). Patterns differed when we analyzed
specific cancers, the type of associated component can
vary depending on the cancer. (Tables S1-S14). In general,
similar results were found for colorectal, prostate, lung
cancer, and non-Hodgkin lymphoma. The HRs in liver, pre
and post menopausal endometrial, kidney, bladder, and
thyroid cancer were mostly higher than for overall cancer.
Similar results were observed in pancreatic cancer in the
combinations of 2 components and the same pattern was
identified in leukemia, with combinations of 1 component
of MS compared with overall cancer. The HRs in the com-
binations of pre- and post-menopausal breast cancer were
mostly lower than the overall cancer. In Hodgkin's lym-
phoma, only a few statistically significant combinations
were detected, with none found in combinations with one
component of MS, and three significant HRs identified in
two-component combinations.

Sex-specific analyses were performed, revealing sim-
ilar cumulative incidence results for males and females
(Figure S18). The total rate of cancer occurrence was
greater in males compared to females, and the mean age
at cancer diagnosis was higher in females. In the sex-
stratified Cox models depicting all possible MS-component
combinations, the results for women were generally lower
than the HRs for men (e.g., HDL+Glycemia combination:
women 1.21, men 1.81) (Figure 3). The components in
men ordered from the higher HR to the lower were HDL,
Glycemia, HBP, TG, and BMI, whereas in women the
higher HR to the lower were Glycemia, HDL, HBP, TG,
and BMI. In men, the combinations of two components

with the highest HRs are: HDL+Glycemia, HDL+HBP,
and Glycemia+HBP, while in women, the combina-
tions of two components with the highest HRs are
Glycemia+HBP, HDL+HBP, and HDL+Glycemia. In men,
the combinations of three components with the highest
HRs were HBP+HDL4+Glycemia, HBP+Glycemia+TG,
and HBP+HDLA4TG, while in women, the combina-
tions of three components with the highest HRs were
HBP+HDLA+Glycemia, HBP+Glycemia+TG, and
HBP+Obesity+HDL.

Sensitivity analysis was conducted, excluding cases
with non-melanoma skin cancer (C44). The results from
the model incorporating all possible combinations of MS
components (Figure 2) were nearly identical when per-
forming the sensitivity analysis (Figure S19). Graphically,
no differences were observed, and HRs varied by less than
0.1 points (on average, they varied by 0.04 points) (data
not shown). We also repeated the analyses from Figure 2
by creating three age groups: “40-59 years”, “60-79years”,
and “80-99years” (Figure S20). The results show similar
trends regarding the age group. The results also indicate
that the HRs are higher in the 80-99 age group and lower
in the 40-59 age group. In all three age groups, HDL and
Glycemia are the components of MS with the highest HR.

Upon replicating Figure 1 (Cumulative incidence func-
tion curves for incidence of overall cancer) and Table 2
(Mean time until cancer diagnosis according to the num-
ber of components affected) with the sensitivity analysis,
in addition to reducing the sample size, the proportional
difference in cancer occurrence between individuals with
any MS component and their respective age- and sex-
matched individuals with no MS components remained
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FIGURE 1 Cumulative incidence function curves for incidence of overall cancer stratified by individuals with MS components,
compared to individuals without, matched by age and sex. (The dashed lines represent the 95% CIs).

very similar (around 1%). However, in the sensitivity
analysis, the cancer risk proportions decreased (data not
shown).

4 | DISCUSSION

In this extensive population-based study, we found that
MS components are correlated with a high incidence of
overall cancer and specifically in 10 out of 13 cancers
studied, both when presented individually and in com-
bination. These associations occurred independently of
certain known factors contributing to cancer risk, like

age, alcohol, tobacco, and deprivation status. Our results
would also suggest that cancer incidence would increase
according to the number of associated MS components.

Among participants with diagnosed cancer, those with
more MS components had a shorter time to diagnosis com-
pared to those with fewer or no MS components. However,
age appeared to be more influential than the number of
affected components on time to diagnosis. A comparison
with another study revealed a similar pattern, indicating
that individuals with MS have a shorter time between fol-
low-up initiation and cancer incidence.”®*’

Consistent with prior research, our findings indicate
that MS is associated with an increased risk of different
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FIGURE 3 The combined effect of components of MS on overall cancer incidence. Stratified by sex.

cancer types such as colorectal, liver, pancreatic, endo-
metrial (pre- and post-menopausal), bladder, kidney, thy-
roid cancers leukemia and non-Hodgkin lymphoma.***
The observed association between MS components and

cancer incidence was similar to other studies by Li et al.,'°
where MS was statistically associated with overall can-
cer in adjusted models, as well as by Mili et al.,** where
MS consistently showed a positive correlation with the
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likelihood of developing common types of cancer. In in-
dividuals presenting one MS component, the 5-year inci-
dence was 5.4% and rising to 8.1% in individuals with five
MS components, while in the study of Miyashita et al the
5-years incidence was 5.0% and 10.3% for one and 5 MS
components.*! Matched individuals with no components
showed slightly lower incidence. Our findings align with
other national studies,?*>%* which have revealed a higher
5-year cancer incidence among those with MS compared
to those without it. There are combinations of 3 or 4 com-
ponents of MS where the risk of cancer is higher than in
the combination of 5 components of MS. However, indi-
viduals with 5 MS components have, on average, a higher
risk than those with four or fewer MS components (see
Table S1). This phenomenon also occurs in the study by
Oh et al.,'® where some combinations of fewer than 5 MS
components have a higher risk than the combination of
5 MS components. According to existing literature,® hav-
ing 3 MS components is considered that the patient has
MS, and having 4 or 5 components doesn't significantly
increase the risk. Although we followed this premise, we
wanted to see if having 4 or 5 components indeed didn't
alter the cancer risk, or if, on the contrary, there was an
increase in this risk.

In the model with all the combinations of MS compo-
nents in a single variable with multiple categories, HDL
was the MS component with the strongest association
with overall cancer risk. This finding in relation to overall
cancer is supported by Li et al.'® Moreover, various articles
have reported different associations between HDL and
specific types of cancer, such as endometrial, bladder, pan-
creatic, kidney, thyroid, colorectal, and lung.ls’27’32"34’35’36
According to our findings, HDL was also associated with
these types of cancer.

Glycemia is the second component of MS with a high
HR for overall cancer risk. Recent studies specifically in-
vestigating the link between glycemia and cancer, have
determined that glycemia is linked to a higher likelihood
of developing cancer.”’ These findings are particularly
concernig given that the global prevalence of diabetes due
to insulin resistance continues to increase.’® Other stud-
ies have also found that elevated glycemia is linked to a
higher risk of specific cancers, such as colorectal, endo-
metrial, bladder, prostate, pancreatic, thyroid, liver, and
post-menopausal breast cancer. These findings are con-
sistent with those of our study.*”****~**% Some studies
indicate the relationship between glycemia and cancer
may be due to insulin resistance that generates hyperin-
sulinemia, which trigger physiological effects leading to
carcinogenesis.43

HBP is a common comorbidity in patients suffering
from cancer.’>* Our findings are in line with different ar-
ticles that have indicated a connection between HBP and

various types of cancer,"****4447 byt the underlying
mechanism by which HBP increases the risk for cancer
development is unclear.'**

Additionally, elevated TG levels have been linked to a
higher risk of certain types of cancer (colorectal, endome-
trial, prostate, lung, pancreatic cancer, and non-Hodgkin
lymphoma).>****>*7 In our study TG was associated with
colorectal, post-menopausal endometrial, bladder and
prostate cancer.*®

While waist circumference (WC)is the standard method
for determining central adiposity (obesity), we relied on
BMI as an indicator of obesity (BMI>30) in accordance
with the WHO definition of MS, given that WC data were
not accessible for the majority of patients in the SIDIAP
database.* In our study, obesity was associated with an
increased risk of pre-menopausal breast, post-menopausal
endometrial and bladder cancer, and inversely associates
with lung cancer. This finding is similar to Recalde et al.'
who in their study using the SIDIAP database, discovered
that increased BMI is positively correlated with the risk
of nine cancers (endometrial, kidney, gallbladder, thyroid,
colorectal, post-menopausal breast, multiple myeloma,
leukemia, non-Hodgkin lymphoma) while showing an in-
verse association with the risk of lung cancer, similar to
other population-based studies.’

The combinations of two MS components that in-
cluded HDL+Glycemia were associated with more cancer
types than any other combination. Our study showed that
HDL+Glycemia was the combination with the highest
positive association with cancer risk. This observation is
corroborated by Li et al.,'® whose study also revealed that
HDL+Glycemia was associated with the highest overall
cancer risk. On the other hand, one article reported obesity
and glycemia as the combination with the highest cancer
risk.'® This finding may be attributed to the way in which
we defined obesity in this study, given that we used BMI
as a proxy to classify obesity and were unable to consider
abdominal fat, which is an underlying symptoms of MS.
In our study, TG+obesity was the MS component combi-
nation associated with only post menopausal endometrial
cancer risk. Similarly, Oh TR et al.'® found no association
with the combination TG-WC in their adjusted models.

In our study, we observed differences in cancer inci-
dence based on gender, with an overall higher incidence
in men compared to women. Additionally, we noted a
difference in the mean age at cancer diagnosis, which
was higher in women. Our findings align with previ-
ous studies that have reported a higher overall cancer
incidence in men compared to women,'%!82%3233.39.41.42
The observed differences in our study highlight the ne-
cessity for additional research to elucidate the intricate
connection between the components of MS and cancer
risk, considering gender-specific variations and potential
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modifying factors not fully explored in current literature.
The variation between males and females could stem
from the interaction of sex hormones'***** and funda-
mental biological and lifestyles differences. In our study,
the component most associated with cancer in men is
HDL, while in women it is Glycemia. These results are
similar to the meta-analysis of Zhan et al.” in which
HDL was the component with the highest risk in men for
colorectal cancer and gastrointestinal cancer, meanwhile
Glycemia was the component with the highest risk for
women in colorectal cancer and gastrointestinal cancer.
Futhermore, in the study of Zhan et al., Glycemia was
the component with the highest risk for both men and
women for pancreatic cancer.

The large sample size of this study, available through
SIDIAP, is its main strength. Approximately 75% of the
population of Catalonia is included in the SIDIAP data-
base, so the patient data analyzed in this study may be
considered representative of the region.'” The SIDIAP's
cancer diagnoses have been validated and found to be
highly consistent with provincial population-based cancer
registries available in Catalonia.”* We meticulously ana-
lyzed the relationship between the numbers of MS, its in-
dividual components, and all the combinations of the MS
components, across all cancer types and different types of
cancer, going beyond the scope of numerous studies ex-
ploring the correlation between MS and cancer. Notably,
the level of detail in our analyses surpasses that found in
previous research articles on this topic. Our research lev-
eraged a large dataset to assess associations with unparal-
leled accuracy and power. Another strength of this study
is that we analyzed each of the different combinations of
MS components for each type of cancer, adding new in-
formation, particularly on less frequently studied cancers
such as leukemia.

Our study also has limitations. There are individu-
als without information on some MS components at the
beginning of the study. In those cases, we assumed that
missing MS component information meant normal levels
of that component. This assumption may have generated
misclassification bias, as there may be participants who
have an altered component that is not recorded in their
electronic clinical data. Another limitation is the lack of
information on others possible confounding variables,
including physical activity, parity, and treatment, which
may influence the association between MS and cancer.
The consumption of all medications related to MS com-
ponents was not available, and those that were available
could be incomplete. This may also influence the asso-
ciation between MS and cancer. We must also consider
the possibility of covariate misclassification bias. For in-
stance, our data on tobacco and alcohol usage exhibit a
considerable proportion of missing entries, especially at
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the beginning of the follow-up. In those cases, we created
a missing category for any missing values. While this ap-
proach allowed us to retain as much data as possible for
analysis, it introduces some potential bias. Multiple im-
putation seemed to be a better solution, but it is not fea-
sible due to the complexity of the database, with millions
of participants, and where a participant can have multiple
entries if their MS condition changes. Using a simpler da-
tabase, multiple imputation could be performed, but with
this simplified database, the necessary analyses for this
study could not be conducted.

Additionally, it is worth noting that we classified obe-
sity using BMI instead of abdominal fat (measured as
waist circumference) as a criterion for MS. It is crucial to
acknowledge that the BMI data obtained from the SIDIAP
database exhibit high reliability, and the use of BMI is
supported by the WHO. The studies carried out in Spain,
which are representative of the population, found that the
distribution of BMI is similar to that found in the SIDIAP
database.'’

Some research suggests that the prevalence of MS is
on the rise across various regions globally, due in part to
the growing prevalence of obesity and other factors that
contribute to the development of the condition.”® This
suggests that cancer cases diagnosed every year may
be related to MS. To reduce the occurrence of MS, pub-
lic health initiatives may prioritize encouraging healthy
lifestyle choices, including engaging exercise, adopting a
balanced diet, and abstaining from tobacco consumption.
Public health campaigns can also educate people about
the risks of MS and provide them with information about
how to prevent or manage the condition. Additionally,
public health programs can target specific groups of peo-
ple prone to MS onset, such as individuals with obesity or
who have a family history of the condition. Recognizing
the significance of MS as a contributing factor to certain
types of cancer is vital for early detection and treatment
of cancer.

In conclusion, the presence of one or more MS com-
ponents increases the incidence of acquiring a minimum
of 10 types of cancer, and these incidences vary according
to the type of component included. Some sex differences
are also observed. Our findings suggest that implemention
of preventive measures targeting specific MS components
could be an initiative that would help to reduce the inci-
dence of cancer.
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Resumen resultados tercer articulo:

El tercer articulo explora la relacion entre el SM, el RLE y el LYL tras un diagnéstico
de cancer, abordando cémo la acumulacién de componentes del SM afecta la
supervivencia en pacientes oncolégicos. Mientras que los dos primeros estudios
analizaron cémo los componentes del SM estan relacionados con el riesgo de
desarrollar cancer, este tercer articulo explora como la acumulacion de multiples
componentes del SM afecta la supervivencia y el RLE en pacientes oncolégicos.

Los resultados indican que mayor nimero de componentes del SM estd asociado
con una reduccion significativa de la RLE, especificamente en 8 de los 11 tipos de
cancer en hombres y en 9 de los 12 tipos en mujeres. En hombres de 68 afos,
aquellos contres o mas componentes del SM tenian una RLE promedio de 8,9 afios,
en comparacion con 13,2 afos en aquellos sin componentes. En mujeres de la
misma edad, la RLE fue de 11,4 afios en aquellas con tres o0 mas componentes,
frente a 15,9 anos en aquellas sin componentes. Este patron fue consistente en
distintas edades al momento del diagndéstico, evidenciando el impacto
acumulativo de los factores metabdlicos en la supervivencia. Ademas, todos los
casos de cancer mostraron tasas de supervivencia mas bajas en pacientescon 1, 2
0 23 componentes del SM en comparacion con aquellos con 0 componentes del
SM.

La mortalidad durante el seguimiento fue particularmente elevada en canceres
como el de pancreas, pulmén e higado, mientras que los de menor mortalidad
incluyeron tiroides, mama y prdstata. La diferencia mas pronunciada en la RLE
entre pacientes con 0y 23 componentes del SM se observé en linforma no Hodgkin,
mientras que las diferencias mas pequefias ocurrieron en el cancer de pancreas.
Las mujeres generalmente mostraron una mayor RLE y tasas de supervivencia
superiores a las de los hombres, destacando un patrén consistente de diferencias
por sexo.

Las curvas de Kaplan-Meier mostraron variaciones significativas en la
supervivencia en funcién del nimero de componentes del SM. Los individuos con
tres o mas componentes del SM presentaron tasas de supervivencia
significativamente mas bajas en comparaciéon con aquellos con uno o dos
componentes, y aun mas frente a quienes no presentaban ningun componente.
Estas disparidades fueron especialmente notorias en canceres colorrectal, de
higado y de pulmon, reforzando la evidencia de que la acumulacién de alteraciones
metabolicas agrava la progresion tumoral y afecta la supervivencia.
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Abstract

This study examines remaining life expectancy (RLE) after a cancer diagnosis, focusing on age, sex, cancer type,

and metabolic syndrome (MS) components, using data from the SIDIAP database in Catalonia (2006-2017). RLE
was analyzed for 13 cancer types, stratified by sex and MS components. The cohort study includes 183,364 individu-
als followed from diagnosis until death, transfer, or study end (December 2017). RLE at age 68 (median diagnosis
age) was calculated based on MS components (0, 1, 2, and > 3). Men aged 68 with 0 MS components had an RLE

of 13.2 years, compared to 8.9 years for those with >3 MS. Women had an RLE of 15.9 years with 0 MS compo-

nents versus 11.4 years with > 3 MS. RLE varied by cancer type, with the highest RLE in men seen in prostate cancer
and in women in non-Hodgkin lymphoma. The lowest RLE for both sexes was in pancreatic cancer. The largest
differences between 0 and >3 MS components were observed in non-Hodgkin lymphoma and the smallest in pan-
creatic cancer. Increased MS components were associated with reduced RLE in at least 8 cancer types for men and 9
for women. Prevention strategies targeting MS components could increase RLE in cancer patients.
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Introduction

Metabolic syndrome (MS) forms a cluster of metabolic
dysregulations including insulin resistance, dyslipidemia,
central obesity, and hypertension. MS is significantly
associated with an increased risk of developing diabetes
and cardiovascular diseases [1]. Moreover, some studies
[2—4] found an association between MS and a higher risk
of liver, colorectal and bladder cancer in men; and endo-
metrial, pancreatic, colorectal, ovarian and post-meno-
pausal breast cancer in women.

MS is associated with a 1.5-fold increase in the risk of
all-cause mortality [5]. Recent studies have examined MS
and its components with cancer recurrence and overall
mortality [6, 7]. The relationship between MS and cancer
is complex; individual components of the MS are known
risk factors for incident cancer disease, but it is not clear
how the clustering of these components is linked to the
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development and progression of tumors, including can-
cer mortality. It seems self-evident that a condition char-
acterized by multiple risk factors, like MS, will carry a
greater risk for adverse clinical outcomes than will a sin-
gle risk factor [6] The more components of MS present,
the higher the mortality in cancer patients [8]. Contrarily,
a study from Li W et al [9]. did not find an association
between MS and cancer mortality. Thus, the association
between MS and cancer mortality remains unclear [10].

However, from a clinical point of view, it is preferable
to convey to patients their life expectancy. In this sense,
this study focuses on the concepts remaining life expec-
tancy (RLE) and life years lost (LYL). RLE after a cancer
diagnosis provides a potentially more easily interpret-
able survival-based measure with real-world meaning, by
quantifying a cancer’s impact over a lifetime horizon [11,
12].

Electronic health records (EHR) are a rich clinical data
source that could be used to create individualized life
expectancy predictions to identify cancer patients.

Studying the effect of MS as a risk factor on life expec-
tancy is novel. The main aim of this study was to inves-
tigate the RLE, LYL and survival time of cancer cases
according to the MS number of components. We investi-
gated the effect of MS and the number of its components
in a cohort of 13 cancer cases.

Material and methods

Data source and setting

Data were collected from the Information System for
the Development of Research in Primary Care (SIDIAP)
database, covering the period from January 1, 2008, to
December 31, 2017. This database consists of the EHR of
286 primary healthcare centers (approximately 5.8 mil-
lion individuals, 75% of the residents of Catalonia, Spain)
[13]. The SIDIAP contains information on sociodemo-
graphic characteristics and clinical diagnoses, coded
using the International Classification of Diseases, 10th
revision (ICD-10), clinical parameters, laboratory tests
outcomes and prescriptions and dispensations of medi-
cines (using the Anatomical Therapeutic Chemical (ATC)
Classification System) [14].

The cause of death was provided by the National
Institute of Statistics (INE) [15], a Spanish public body
responsible for the general coordination of the statistical
services of the General Administration of the State. This
data source was used to collect information on the cause
of death among individuals in this study. The data con-
tains the cause of death for each study participant who
died during the follow-up. The cause of death is coded
according to the official medical death certificate in
Spain. For this study, the cause of death has been catego-
rized as Cancer/Other causes.
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Study population and design
We designed a population-based cohort including inci-
dent cases of 13 cancer types. We included all partici-
pants aged 40 years or older who were diagnosed with
their first incident (primary) cancer after January 1, 2008.
We followed participants starting from the date of cancer
diagnosis and until their death, until they were no longer
part of the SIDIAP database (due to reason such as emi-
gration), until they reached the age of 100 years, or until
the end of the study period (December 31, 2017).

Patients were excluded from participation if two dif-
ferent cancer types were registered on the same date or
they presented secondary cancers and metastases (6826
cases), if men were diagnosed with breast cancer (334
cases), or if there was a possible error in diagnosis (such
as men with endometrial cancer or women with prostate
cancer, 7 cases). The attrition rate was 3.9%.

Information regarding the study’s structure and the
accuracy of the initial measurements has been docu-
mented in other publications [13, 16].

Cancer definition

Cases of cancer were identified as individuals diagnosed
with cancer for the first time between January 1, 2008,
and December 31, 2017. We selected the most prevalent
types of cancer with published evidence of association
with MS such as colorectal ICD-10 codes C18+C20),
prostate (C61), liver (C22), bladder (C67), endometrial
(C54), pancreas (C25) and breast (C50). Although few
published data are available, we also included lung (C34)
and kidney cancer (C64) because of their high preva-
lence. Finally, we included types of cancer for which little
evidence is available but that which might also be asso-
ciated with MS such as thyroid cancer (C73), Hodgkin
lymphoma (C81), non-Hodgkin lymphoma (C82-85)
and leukemia (C91-95).The analyses were done for any
of these cancers combined or stratified by cancer type.
Analyses for breast and endometrial cancers were strati-
fied according to menopausal status (pre- and post-),
guided by evidence suggesting different effects of obesity
and estrogens during these two life stages [17].

MS definition

As per criteria set by the American Heart Associa-
tion/National Heart, Lung, and Blood Institute (AHA/
NHLBI), a diagnosis of MS is established if an individual
exhibits three or more of the following components: obe-
sity, high blood pressure (HBP), reduced HDL choles-
terol, elevated triglycerides (TG) and high glycemia [18].
We defined obesity as a body mass index (BMI) >30 kg/
m”2, serving as a measure of overall adiposity. Details of
the definition of MS have been published elsewhere [19].
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In cases where multiple measurements for a component
were documented on the same day, we calculated the
mean of these values.

For each individual, we assessed MS on the date of can-
cer diagnosis (based on prior history data) and classified
individuals as having 0 MS components, 1 MS compo-
nents, 2 MS components and >3 MS components.

Covariables

We also extracted information on age (in years), sex,
menopausal status, nationality (Spanish, non-Spanish);
the MEDEA deprivation index (census tract-based dep-
rivation index to identify socioeconomic status in urban
areas) categorized in quintiles, with the first quintile rep-
resenting the least deprived areas and the fifth quintile
representing the most deprived areas, along with rural
areas; smoking status (non-smokers, ex-smokers and cur-
rent smokers); alcohol intake calculated in standard units
(no alcohol, low and high consumption); dispensation
of drugs such as hormonal replacement therapy among
menopausal women, paracetamol, aspirin and ibuprofen
(classified as yes/ no); presence of hepatitis (classified as
yes/ no) and menopause status (classified as pre/post,
ICD-10 code N95). For women lacking data regarding
menopausal status, we considered being> 50 years of age
as indicative of post-menopausal status.

Statistical analysis

We conducted a descriptive analysis of population,
utilizing the mean (standard deviation) and median
(interqualtile rage (IQR)) for numerical variables and
percentages for categorical variables, stratified by the
number of MS components.

With the Life Years Lost method [20] we estimated the
LYL and RLE among those individuals with 0, 1, 2 and >3
MS components. This approach utilizes a Markov illness-
death model combined with population life tables to
estimate LYL and RLE at specific ages and calculate dif-
ferences between groups. These calculations were based
on age-specific mortality rates derived from population
life tables and adjusted for competing risks using a multi-
state model. The method also allows for the decomposi-
tion of life expectancy into components attributable to
different causes of death, providing a comprehensive view
of the impact of metabolic syndrome on survival out-
comes in cancer patients. We calculated these metrics at
three different ages, using the median and the percentiles
25 and 75 at time of cancer diagnosis of the population.
We calculated the total LYL of the individuals of 1, 2,>3
MS components (and the 95% confidence interval (CI))
compared with the individuals with 0 MS components.
The LYL has been divided into two categories based on
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cause of death: due to cancer and due to other causes. We
stratified the analyses by sex and by each cancer type.

Kaplan—Meier curves and log-rank tests were per-
formed according to MS for total cancer and for each
cancer type, and stratified by sex (gynecological cancers
were stratified by menopausal status at the time of cancer
diagnosis).

All statistical analyses were conducted using R version
4.4.0 and the R package lillies [21].

Results
This study included 183,364 individuals with a cancer
diagnosis, of whom 55,603 died during the follow-up.
The distribution of individuals by cancer type was as fol-
lows: 37,926 breast (20.7%); 36,155 colorectal (19.7%);
30,879 prostate (16.8%); 20,792 bladder (11.3%); 20,337
lung (11.1%); 6,939 leukemia (3.8%); 6,826 kidney (3.7%);
5,735 liver (3.1%); 5,391 pancreatic (2.9%); 5,382 endome-
trial (2.9%); 3,616 non-Hodgkin lymphoma (2.0%); 2,705
thyroid (1.5%) and 681 Hodgkin lymphoma (0.4%).
Baseline characteristics of all individuals categorized
by the numbers of MS components are summarized in
Table 1. During the study period, 19.5% of individuals
with 0 MS components at baseline died. Mortality rates
increased with the number of MS components: 29.9% for
those with 1 component, 33.3% for those with 2 compo-
nents, and 32.1% for those with 3 or more components.
Cancers with the highest mortality during the follow up
were pancreas (72.6%), lung (67.5%), and liver (66.8%),
while the cancers with the lowest mortality were thy-
roid (7.8%), breast (12.6%) and prostate (18.8%). The
median follow-up time was 3.15 years (IQR: 1.18 years
to 5.89 years). The median follow-up time was longer for
patients with 0 MS components (4.62 years, IQR 1.99
to 7.29 years) and shorter for those with>3 MS com-
ponents (2.50 years, IQR 0.92 to 4.95 years). The study
included 79,937 women and 103,427 men. During the
follow-up period, 23.9% of the women and 35.3% of the
men died. Most participants were never smokers (31.9%),
%), and 16.3% were in the least deprived category of the
MEDEA deprivation index. Additionally, 73.6% of the
women were post-menopausal at the time of diagnosis.
The median age at cancer diagnosis among all the indi-
viduals in the study was 68 years. In women with a can-
cer diagnosis at 68 years and 0 MS components, the RLE
was 15.95 years (95% CI: 15.37-16.53), 13.79 years (95%
CI: 13.48-14.21) for 1 MS component, 12.36 years (95%
CI: 12.02-12.64) for 2 MS components and 11.38 years
(95% CI: 11.16-11.62) for >3 MS components. The RLE
decreased as the number MS components increased. The
LYL for women with >3 MS components, compared with
women with 0 MS components was 4.57 years (95% CI
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Table 1 Characteristics of the study population at baseline
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All Cases n(%)

Cases who survived during the

Cases who died

follow-up during the
follow-up
N total 183,364 127,761 55,603
Age mean (SD) 67.9(12.4) 65.6(11.9) 733(12.1)
Median (IQR) 68.2 (58.9-77.6) 65.8 (57.0-74.5) 75.2 (64.9-82.5)
Sex
Men 103,427 (56.4) 66,943 (52.4) 36,484 (65.6)
Women 79,937 (43.6) 60,818 (47.6) 19,119 (34.4)
Metabolic Syndrome
No component 27,761 (15.1) 22,352 (17.5) 5409 (9.7)
1 component 42,822 (234) 30,038 (23.5) 12,784 (23.0)
2 components 40,561 (22.1) 27,059 (21.2) 13,502 (24.3)
>3 components 72,220 (39.4) 48312 (37.8) 23,908 (43.0)
Cancer Type
Colon_Rectal 36,155 (19.7) 25,140 (19.7) 11,015 (19.8)
Liver 5735(3.1) 1905 (1.5) 3830 (6.9)
Pancreas 5391 (2.9) 1478(1.2) 3913 (7.0)
Breast 37,926 (20.7) 33,154 (26.0) 4772 (8.6)
Endometrial 5382 (2.9) 4330 (34) 1052 (1. )
Bladder 20,792 (11.3) 14,802 (11.6) 5990 (10.
Kidney 6826 (3.7) 5169 (4.0) 1657 (3. )
Prostate 30,879 (16.8) 25,060 (19.6) 5819 (10.5)
Hodgkin 681 (0.4) 536 (0.4) 145 (0.3)
Non_Hodgkin 3616 (2.0) 2645 (2.1) 971 (1.7)
Leukemia 6939 (3.8) 4433 (3.5) 2506 (4.5)
Lung 20,337 (11.1) 6614 (5.2) 13,723 (24.7)
Thyroid 2705 (1.5) 2495 (2) 210 (04)
Follow-up time Median (IQR) 3.15(1.18-5.89) 4.17 (1.89-6.75) 1.36 (0.52-3.12)
Follow-up time (No MS component) Median (IQR) 462 (1.99-7.29) 534 (2.78-7.76) 1.7 (O 74-3.82)
Follow-up time (1 MS component) Median (IQR) 3.62 (140-6.43) 469 (2.26-7.18) 1.56 (0.61-3.52)
Follow-up time (2 MS components) Median (IQR) 3.10(1.14-5.82) 4.20(1.93-6.74) 1.38(0.51-3.23)
Follow-up time (=3 MS components) Median (IQR) 2.50(0.92-4.95) 342 (1.51-5.78) 1.18 (O 44-2.74)
Nationality
Spanish 178,320 (97.2) 123,718 (96.8) 54,602 (98.2)
Non-Spanish 5044 (2.8) 4043 (3.2) 1001 (1.8)
MEDEA index
Quintile 1 29,808 (16.3) 23,708 (18.6) 6100 (11.0)
Quintile 2 26416(144) 20,363 (15.9) 6053 (10.9)
Quintile 3 2(13.7) 19,107 (15.0) 6045 (10.9)
Quintile 4 23 684(12 9) 17,935 (14) 5749 (10.3)
Quintile 5 20,381 (11.1) 14,877 (11.6) 5504 (9.9)
Rural 33,972 (185) 22,887 (17.9) 11,085 (19.9)
Missings 23,951 (13.1) 8884 (7) 15,067 (27.1)
Smoking status
Never smoker 58,553 (31.9) 43,158 (33.8) 15,395 (27.7)
Ex-smoker 20,909 (11.4) 14,649 (11.5) 6260 (11.3)
Smoker 19,789 (10.8) 13,513 (10.6) 6276 (11.3)
Missings 3(45.9) 56,441 (44.2) 27,672 (49.8)
Alcohol intake
No consumption 58,951 (32.1) 42,253 (33.1) 16,698 (30.0)
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Table 1 (continued)
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All Cases n(%)

Cases who survived during the

Cases who died

follow-up during the

follow-up

Low consumption 34,401 (18.8) 25,350 (19.8) 9051 (16.3)
High consumption 3569 (1.9) 2355 (1.8) 1214 (2.2)

Missings 86,443 (47.1) 57,803 (45.2) 28,640 (51.5)
Hormonal therapy (women postmenopausia)

No consumption 54,913 (93.3) 38,873 (92.9) 16,040 (94.4)

Consumption 3916 (6.7) 2962 (7.1) 954 (5.6)
Paracetamol

No consumption 129,248 (70.5) 94,252 (73.8) 34,996 (62.9)

Consumption 54,116 (29.5) 33,509 (26.2) 20,607 (37.1)
Acetylsalicylic acid (ASA)

No consumption 151,386 (82.6) 109,249 (85.5) 42,137 (75.8)

Consumption 31,978 (174) 18,512 (14.5) 13,466 (24.2)
Ibuprofen

no consumption 156,781 (85.5) 109,151 (85.4) 47,630 (85.7)

consumption 26,583 (14.5) 18,610 (14.6) 7973 (14.3)
Chronic Hepatitis

No hepatitis 182,007 (99.3) 127,170 (99.5) 54,837 (98.6)

Hepatitis B 258 (0.1) 143 (0.1) 115(0.2)

Hepatitis C 1078 (0.6) 440 (0.3) 638 (1.1)

Other/unspecified hepatitis 21(0.0) 8 (0) 13 (0.0)
Menarche age mean (SD) 12.6(1.6) 12.6(1.6) 127 (1.6)
Median (IQR) 13 (12-14) 13 (12-14) 13 (12-14)
Missings n(%) 63,642 (79.6) 46,123 (75.8) 17,519 (91.6)
Menopause

No 21,108 (26.4) 18,983 (31.2) 2125 (11.1)

Yes 58,829 (73.6) 41,835 (68.8) 16,994 (88.9)
Primary care visits between 2 and 4 years before data 142 (174) 134 (15.8) 16.1 (20.4)
index mean (SD)
Median (IQR) 9(1-21) 9(2-19) 10 (1-24)
Table 2 Remaining life expectancy when the cancer diagnosis was at 68 years

oMS 1MS 2MS >3 MS

Women

Remaining life expectancy 15.95 (15.37-16.53)

Life Years Lost Ref
- Due to Cancer Ref
- Due to Other Causes Ref
Men
Remaining life expectancy 13.23(12.78-13.68)
Life Years Lost Ref
- Due to Cancer Ref
- Due to Other Causes Ref

13.79(13.48-14.21)
2.17(1.38-2.75)
0.93 (-0.01-1.72)
1.24 (043-1.91)

10.89 (10.67-11.15)
2.34(1.88-2.81)
1.37(0.71-2.09)
0.97 (0.40-1.32)

12.36 (12.02-12.64)
3.59(2.85-4.24)
3.30(2.38-4.05)
0.29 (-043-0.82)

10.13 (9.89-10.38)
3.10 (2.62-3.57)
221 (1.60-2.98)
0.88(0.35-1.28)

11.38(11.16-11.62)
4.57 (3.92-5.12)
3.68 (3.01-4.56)
0.89 (0.24-1.36)

8.92 (8.71-9.08)
4.31(3.88-4.74)
3.65 (3.05-4.33)

(
(
(
0.66 (0.17-1.06)

" 95% confidence intervals based on 100 bootstrap iterations
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3.92-5.12). The LYL increased as the number of MS com-
ponents increased (Table 2).

In men with cancer diagnosis at 68 years and 0 MS
components, the RLE was 13.23 years (95% CI: 12.78-
13.68), 10.89 years (95% CI: 10.67-11.15) for 1 MS
component, 10.13 years (95% CI: 9.89-10.38) for 2 MS
components and 8.92 years (95% CI: 8.71-9.08) for>3
MS components. The RLE decreased as the number of
MS increased. The LYL of men with 1 MS component,
compared to those with 0 MS components was 2.34 years
(95% CI 1.88-2.81), 1.37 years (95% CI: 0.71-2.09).
The LYL increased as the number of MS components
increased (Table 2).

Figures 1 and 2 show the RLE in women and men
diagnosed with cancer at 68 years of age, depending on
the type of cancer and the number of MS components.
In general, from 1 MS component onwards, there was
a decrease in RLE as the number of MS components
increased. Exceptions for this trend were observed in
pancreas, kidney and thyroid cancer in women and
Hodgkin lymphoma and thyroid cancer in men. In pan-
creatic cancer in women, the RLE was similar regardless
of the number of MS components. In kidney cancer in
women, the RLE for those with 0 MS components was
lower compared to those with 1 MS component. In thy-
roid cancer in women, the RLE of individuals with 0 MS
components was lower compared to those with>1 MS
components. In Hodgkin lymphoma in men, the RLE was
lower in the participants with 2 MS components. For thy-
roid cancer in men, the RLE was lower in those with 0
MS components.

RLE was higher in both women and men when cancer
was diagnosed at 59 years old (20.8 and 15.3 in women
with 0 and >3 MS components respectively, and 15.3 and
10.4 in men with 0 and >3 MS components respectively)
and lower when cancer was diagnosed at 78 years old
(10.2 and 7.0 in women with 0 and>3 MS components
respectively, and 8.8 and 5.9 in men with 0 and>3 MS
components respectively) (Supplementary Table 1-2).

The 5-years survival rate was higher with fewer MS
components. In men with cancer, the 5-year survival rate
was 71.8% in the group with 0 MS components, com-
pared to 58.9% in the group with>3 MS components. In
women with cancer, the 5-year survival rate was 87.3% in
the group with 0 MS components, compared to 65.7% in
the group with >3 MS components (Figs. 3 and 4, Sup-
plementary Tables 3—4, Supplementary Figs. 26-27).

Regarding cancer type, using Kaplan—Meier analysis,
5-year survival rates generally decreased as the number
of associated components increases. However, no sta-
tistically significant relationship was observed between
a higher number of MS and shorter survival in some
specific cancers: i) in women with pre-menopausal
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endometrial cancer, individuals with 2 MS components
had a higher survival at 5 years than individuals with 1
MS components; ii) in men with Hodgkin lymphoma, the
survival at 5 years in individuals with 1 MS component
was lower than the survival in the individuals with 2 MS
components (Supplementary Figs. 28—54).

Supplementary Figs. 3-25 illustrate the RLE in men
and women with cancer diagnosis between the ages 59
and 78, stratified by cancer type and the number of MS
components. RLE decreased as the number of compo-
nents of MS increased in the majority of cancer types. In
general, the observed pattern aligns with global cancer
trends.

Discussion

In this population-based cohort, we found that MS, and
a higher number of MS components were associated
with a lower RLE for cancer, specifically in 8 of 11 cancer
types in men and 9 of 12 in women. These effects were
independent of the age at cancer diagnosis. We observed
consistent results using the median age of cancer diagno-
sis (68 years) and the 25th and 75th percentiles (59 and
78 years) in the LYL and RLE analyses. Moreover, all can-
cer cases exhibited lower survival rates in patients with 1,
2, or>3 MS components compared to those with 0 MS
components.

Cancer mortality

Recent articles have reported a significant relationship
between MS and mortality in cancer patients [10, 22, 23].
Similar to our findings, the Watanabe study [22], as well
as other studies such as J-MICC [23] and NHANES III
[10], reported that the risk of cancer mortality increases
with the number of MS components. Consequently, the
addition of MS components appears to increase cancer
mortality risk, in contrast to the presence of individual
components, which is associated with a lower mortality
risk [24, 25].

When examining associations by specific cancer types,
despite methodological differences, our results align with
those several studies. In other studies MS showed worse
survival in non-Hodgkin lymphoma, and for men, in kid-
ney, prostate, and lung [26] cancer, which is consistent
with our study. We found no studies examining MS and
mortality in Hodgkin lymphoma or leukemia. Neverthe-
less, individual components of MS, such as obesity and
low LDL, have been linked to higher mortality in Hodg-
kin lymphoma [27] and HBP have been associated with
an increased of leukemia mortality. Similarly, studies lack
sufficient follow-up to confirm the impact of MS on thy-
roid cancer survival, as noted by Li et al. [28].

We evaluated LYL differences among cancer patients
based on MS presence, finding shorter LYL for patients
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WOMEN CANCER MS RLE 95%CI LYL 95%CI
Digestive
Colorectal 0 components - 16.74 (15.30-18.18) Ref -

1 components . 14.74 (14.03-15.26) 2.00 (0.71-3.44)
2 components . 14.24 (13.46-15.05) 2.50 (0.76-4.13)
...z 3components 1267 (1217-1319) 407 (2.64-5.52) _
Liver 0 components 5.5 (2.37- 8.88) Ref -
1 components 4.29 (2.53-5.87) 1.21 (-2.50-5.14)
2 components 5.11 (4.01-6.15) 0.38 (-2.80-4.01)
> 3 components 3.4 (2.88-4.07) 21 (-0.92-5.24)
Pancreas 0 components 2.51 (1.63-3.50) Ref -
1 components 297 (2.12-3.97) -0.46 (-1.88-0.79)
2 components 3.15 (2.30-3.79)) -0.63 (-1.84-0.50)
= 3 components 2.07 (1.62-2.43) 0.44 (-0.65-1.62)
Gynecological
Breast 0 components 20.41 (19.47-21.16) Ref -
1 components 19.62 (19.15-20.27) 0.79 (-0.47-1.68)
2 components 19.30 (18.77-19.95) 1.1 (-0.10-2.04)
.. z3components .+ 1852 ___ (1810-18.94) 189 (0.97-2.75)__
Endometrial 0 components —— 18.65 (16.05-22.46) Ref -
1 components - 14.78 (13.14-16.63) 3.87 (0.30-7.98)
2 components - 15.20 (13.93-16.68) 3.45 (0.25-6.95)
> 3 components . 14.21 (13.45-15.09) 4.44 (1.48-8.56)
Urological
Bladder 0 components - 19.20 (16.69-21.97) Ref -
1 components - 14.11 (12.53-15.67) 5.09 (2.27-8.27)
2 components - 13.43 (11.91-14.90) 5.77 (2.91-8.81)
eee._.______=z3components - v 1271 (11.62-14.15) 649 (3.61-9.77)
Kidney 0 components —— 13.68 (10.70-17.14) Ref -
1 components - 14.90 (13.09-17.15) -1.22 (-4.86-2.35)
2 components - 14.16 (12.79-16.37) -0.49 (-4.29-3.67)
= 3 components - 12.50 (11.34-13.63) 1.17 (-1.94-5.12)
Hematological
Hodgkin 0 components —_— 23.02 (1.06-34.00) Ref -
Lymphoma 1 components — 15.7 (9.74-26.75) 7.32 (-18.49-23.57)
2 components —— 13.42 (7.76-18.34) 9.60 (-13.44-23.21)
eee...___.__Ez3cOmponents o ....fo0r (6.83-13.07) 1301 (-9.46-26.38)
Non-Hodgkin 0 components 21.47 (18.27-25.98) Ref -
Lymphoma 1 components - 13.89 (12.00-16.24) 7.57 (3.80-12.47)
2 components - 12.72 (10.29-14.96) 8.75 (5.01-14.04)
eeeeee.__..._Z3cOmponents 102 (9.61-1218) 1045 _ (6.53-15.43)
Leukemia 0 components - 16.03 (13.38-18.62) Ref -
1 components - 13.7 (12.23-15.27) 2.33 (-1.08-5.47)
2 components - 11.55 (10.07-13.05) 4.48 (1.74-7.18)
> 3 components - 10.42 (9.38-11.58) 5.61 (2.51-8.45)
Others
Lung 0 components 4.50 (3.57-5.70) Ref -
1 components 5.17 (4.49-6.09) -0.67 (-2.11-0.74)
2 components 4.27 (3.40-5.10) 0.23 (-0.92-1.65)
... z3components .+ 361 _(297-420) 089 _(027-194)
Thyroid 0 components -— 15.97 (12.97-34.00) Ref -
1 components 21.93 (18.83-25.20) -5.96 (-10.81-12.22)
2 components - 17.93 (16.10-20.61) -1.96 (-5.53-15.96)
= 3 components - 15.87 (14.12-17.60) 0.10 (-8.07-17.89)
| B E—
10 30
Remaining Life Expentancy

RLE: Remaining Life Expectancy. LYL: Life Years Loss
Fig. 1 Remaning life expectancy (and Life of Years Lost) by cancer type in women
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MEN CANCER MS RLE 95%CI LYL 95%CI
Digestive
Colorectal 0 components - 12.25 (11.39-13.03) Ref -

1 components . 10.94 (10.47-11.54) 1.31 (0.31-2.31)
2 components . 10.08 (9.67-10.60) 2.17 (1.01-3.09)
e..______Z3components e 932 _(8.99962) 293 . (1.93-3.72)
Liver 0 components - 5.63 (4.06-7.21) Ref -
1 components - 2.89 (2.46-3.46) 274 (0.94-4.17)
2 components . 2.99 (2.31-3.51) 2.64 (1.10-4.35)
e =3components .+ 291 (249-340) 272 (1.11-4.23)
Pancreas 0 components —-— 3.08 (0.92-5.42) Ref -
1 components - 2.31 (1.52-3.46) 0.78 (-1.32-3.07)
2 components . 2.07 (1.50-2.57) 1.01 (-1.61-3.22)
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Urological
Bladder 0 components - 12.39 (11.61-13.32) Ref -
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1 components - 11.48 (10.26-12.73) 0.87 (-1.37-4.43)
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eee.___.___z3components 94 (8.71-1036)______: 295 | (0.73-6.08)__
Prostate 0 components . 16.44 (15.58-16.96) Ref -
1 components . 15.24 (14.85-15.61) 1.20 (0.20-1.81)
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> 3 components . 14.39 (14.11-14.64) 2.05 (1.12-2.59)
Hematological
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1 components - 8.35 (7.05-9.49) 2.27 (-0.61-4.13)
2 components - 8.51 (7.65-9.34) 2.1 (-0.22-4.42)
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Others
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Fig. 2 Remaning life expectancy (and Life of Years Lost) by cancer type in men
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with 1, 2, or>3 MS components compared to those with
0 MS components. To the best of our knowledge, no
studies have specifically analyze LYL and MS in cancer
patients, although LYL has been used in other condi-
tions. LYL provides conservative estimates by accounting
for age at onset [29]. Additionally, LYL is a valuable tool
for assessing the impact of diseases on life expectancy in
clinical and epidemiological research [10, 11].

Sex-specific differences

In the study of Watanabe et al. [22] MS was positively
associated with cancer mortality in women but not in
men Moreover, in our study differences in RLE and

Time (years)

Kaplain-Meier curves based on sex were observed, with
better survival outcomes in women. Our findings indi-
cate that MS is associated with a decrease in RLE across
various cancer types in men including colorectal, liver,
pancreatic, bladder, kidney, and prostate cancers, as weel
as leukemia, and Hodgkin and non-Hodgkin lympho-
mas. For women, the affected cancers included colorec-
tal, liver, breast, endometrial, and bladder cancers, along
with leukemia, and Hodgkin and non-Hodgkin lympho-
mas according to other published works [27, 30—-40

RLE is generally greater in women than in men, reflect-
ing findings from other studies [41, 42] that suggest this
disparity can not be fully explained by differences in



Lépez-Jiménez et al. BMIC Public Health (2025) 25:178

cancer stage, grade, or treatment. Lifestyle factors and
immunological differences contribute to these sex-based
survival disparities.

In gynecological cancers (breast and endometrial),
we observed a clear trend of decreased survival with an
increased number of MS components in post-menopau-
sal women. For pre-menopausal breast cancer, a similar
but less pronounced trend was noted. However, in pre-
menopausal endometrial cancer, survival increased with
2 MS components but decreased with 1 MS component
according to the Kokts-Porietis et al. study [38].

Comparative survival analysis: LYL, RLE, and Kaplan-Meier
methods

Compared with Cox and Kaplan-Meier methods,
RLE provides a more straightforward interpretation
by directly quantifying survival time between differ-
ent groups, aiding clear communication with clinicians
and patients, and offering a clearer understanding of the
impact of various factors on overall survival. RLE focuses
on patient-centered outcomes by emphasizing the total
lifespan, which is often more relevant to patients than
relative measures of risk (like HRs). Additionally, RLE
provides absolute measures of survival time, which can
be more informative in clinical decision-making, while
Kaplan—Meier plots provide valuable visual information
and are widely used.

The Kaplan—Meier plot results are very similar to those
from the RLE analysis. Several studies using Kaplan—
Meier methods have found that patients with>3 MS
components have lower survival rates than those with 0
MS components, particularly in cases of colorectal [43],
breast [37], bladder [39], prostate [31], kidney [30] can-
cer, and non-Hodgkin lymphoma [26]. Although some
studies show slightly different survival rates, the over-
all pattern of reduced survival in patients with>3 MS
components compared to those with 0 MS components
is consistent with our findings (Supp. Figures 26-—54).
Kaplan—Meier analyses illustrate survival trajectories
over the 10-year follow-up, showing how survival prob-
abilities evolve. In contrast, the main analyses summarize
the impact of RLE and LYL across the lifespan. Together,
they provide complementary perspectives: Kaplan—Meier
analyses focus on short- to medium-term survival, while
RLE and LYL offer a long-term overview [44].

Strengths and limitations

A key strength of this study is its large, population-based
sample from the SIDIAP and INE databases. SIDIAP
includes approximately 75% of the Catalonian population,
ensuring high representativeness [13], and INE accurately
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provides the causes of death of the deceased participants
[15].

This study also contributes novel insights by examining
MS and survival in underexplored cancer types, includ-
ing Hodgkin lymphoma, leukemia, and thyroid cancer,
expanding the current literature on this topic. Our study
uniquely applies RLE analyses to MS, a method not used
in previous research, making our findings novel and
impactful.

Our study has several limitations. One is the assump-
tion of a linear relationship between the cumulative num-
ber of MS components and cancer mortality risk, while
the AHA/NHLBI criteria emphasize the binary catego-
rization of MS. At the beginning of the follow-up, some
individuals lacked data on specific MS components,
we assumed that missing data indicated normal levels,
potentially introducing misclassification bias. Addition-
ally, the RLE analysis only adjusts for age and excludes
confounders like tobacco use, alcohol consumption,
socioeconomic status, nationality, physical activity, par-
ity, and treatment. Notably, our data on tobacco and
alcohol usage exhibit a considerable proportion of miss-
ing entries, especially at the beginning of the follow-up.
However, this does not alter or introduce bias into the
analyses, as the LYL and RLE analyses do not adjust for
covariables. Obesity was classified using BMI rather than
abdominal fat, aligning with the World Health Organiza-
tion (WHO) [45]. We also lacked data on cancer treat-
ment, which may influence survival outcomes. Finally,
the RLE estimates should be interpreted cautiously and
not extrapolated as the number of years left to live for
cancer patients in general. The cohort primarily includes
survivors diagnosed between 2008 and 2017, a period of
high early mortality post-diagnosis, and predictions may
be less accurate for rare cancers.

Conclusion

The prevalence of MS and cancer is increasing world-
wide [46, 47] while recent reductions in cancer mortal-
ity reflect progress in prevention, though mortality rates
remain high. Recognizing the significance of MS in can-
cer mortality is crucial for understanding its impact on
increasing RLE.

MS is becoming increasingly prevalent among young
adults due to changes in lifestyle, diet, and socioeco-
nomic environment. While healthy lifestyles may reduce
MS incidence, further research is needed to determine
if interventions targeting MS will improve life expec-
tancy. The role of MS in cancer survivors is an emerging
research topic [48].

In conclusion, MS is significantly linked to reduced
RLE, with more MS components statistically associated
with decreased RLE in 8 cancer types in men and 9 in
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women. Women generally show higher RLE and better
survival than men. This study provides compelling evi-
dence that informs cancer prevention and management
strategies for individuals with MS. Our findings suggest
that implementing preventive measures targeting spe-
cific MS components could potentially increase RLE in
cancer patients.
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7. DISCUSION

Este capitulo complementa y profundiza en los analisis discutidos en los distintos
articulos que integran esta tesis doctoral. Su propdsito es integrar los principales
hallazgos obtenidos en relacion con las hipotesis planteadas al inicio,
proporcionando un analisis critico que permita contextualizar estos resultados en
el marco de la evidencia cientifica actual. Asimismo, se abordan las principales
limitaciones metodoldgicas y las dificultades experimentadas a lo largo del
desarrollo de los estudios, ofreciendo una vision mas profunda de sus
implicaciones. Finalmente, se exploran las posibles aplicaciones de estos
hallazgos en los sectores clinico y de salud publica, destacando su importancia en
la prevencidon y el manejo del cancer en el contexto del SM.

7.1 COMPARATIVA CON OTROS ARTICULOS

Los hallazgos del primer estudio se alinean firmemente con investigaciones
previas que han vinculado el SM con un espectro amplio de neoplasias malignas,
subrayando su importancia como factor de riesgo modificable. Este trabajo
contribuye a consolidar la evidencia de que el SM incrementa el riesgo de
desarrollar multiples tipos de cancer, con asociaciones significativas en 11 de los
13 tipos estudiados y que este riesgo relativo aumenta segin el numero de
componentes del SM asociados.

Los riesgos observados en el este estudio para los diversos tipos de cancer
asociados al SM son ampliamente consistentes con estudios previos [35,68,
82,125-133]. Diversas investigaciones han respaldado la asociacion entre el SM y
algunos tipos especificos de cancer, incluidos el colorrectal, el pancreatico, el de
mama postmenopausico y el endometrial. Un metaandlisis de Esposito et al.
reportd riesgos relativos significativamente elevados para el cancer colorrectal
(RR=1,31, IC95%: 1,16-1,45) y cancer de mama postmenopausico (RR=1,56,
IC95%: 1,37-1,79), resultados que concuerdan con nuestras observaciones [35].
Los resultados del primer estudio estan en gran medida alineados con los de Stocks
et al. [67], quienes también identificaron un incremento progresivo en el riesgo de
cancer asociado al aumento en el niumero de componentes del SM (OR: 1,09, 2,40
y 2,57 para 1, 2 y 3 componentes, respectivamente, comparados con el grupo sin
componentes del SM).

El primer articulo identifica al cdncer de endometrio como el tipo de neoplasia mas
estrechamente relacionado con el SM, tanto en mujeres premenopausicas
(OR=2,14) como postmenopausicas (OR=2,46). Estos resultados coinciden con
estudios como el de Calle et al. [29], que relacionaban este riesgo con el exceso de
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estrogenos generado en el tejido adiposo, un mecanismo clave que impulsa la
proliferacién endometrial. Para el cAncer de mama, el estado menopaéusico resultd
ser un factor determinante. Similar a estudios previos, observamos que el SM
incrementaba el riesgo de cancer de mama en mujeres postmenopausicas y lo
reducia en aquellas premenopausica [35,129].

En este estudio, se identificd una relacién significativa entre el SM y el cancer de
higado (OR=1,93). Estos hallazgos estan en concordancia con los de Yoshida et al.
[134], quienes identificaron que el SM no solo incrementa el riesgo de carcinoma
hepatocelular, sino que también esta vinculado a peores resultados quirurgicos,
subrayando su impacto metabdélico en el prondstico. Ademas, el primer estudio
destaca asociaciones significativas entre el SM y canceres menos estudiados,
como el de tiroides (OR=1,71) y leucemia (OR=1,42). Estos hallazgos estan
respaldados por investigaciones previas que relacionan lipidos séricos alterados
con un riesgo elevado de neoplasias hematoldgicas y endocrinas [135]. Por otra
parte, al contrario que nuestro estudio, Park et al. reportaron una asociacion débil
entre SMy el cancer de tiroides [127] mientras que Almquist et al. no identificaron
vinculo alguno [136].

Similar a otros estudios, en el primer estudio no se observo evidencia que vinculara
SM con el cancer de prdstata o el linfoma de Hodgkin [137]. Sin embargo, la
evidencia sobre el cancer de préstata sigue siendo controvertida. Mientras que
algunos estudios sugerian que el SM podria actuar como factor protector del cancer
de proéstata [138,139] otros informaban que el SM podria aumentar el riesgo
[70,140,141]. Estas discrepancias probablemente reflejan diferencias en los
disefios metodoldgicos, como el ajuste por tratamientos hormonales, y en las
caracteristicas de las poblaciones estudiadas. Haggstrom et al. [142], sefialaron
que ciertos factores metabdlicos, como un déficit en la regulacion de la glucosa,
podrian tener un impacto reducido en esta neoplasia, dependiendo del contexto.
Adicionalmente, Hammarsten [143] propuso que el SM podria correlacionarse
inversamente con las fases iniciales de esta neoplasia, pero una asociacién
positiva con sus etapas mas avanzadas.

Un aspecto clave de este estudio es la identificacién de diferencias de riesgo por
sexo. En concordancia con otros estudios publicados [35,83,125,126,130] se
observa que el SM esta asociado con canceres especificos segun el sexo, como
cancer renal, higado, colorrectal, eséfago, oral, vejiga, pulmonar y leucemia en
hombres, y cancer de endometrio, pancreas, renal, cuello uterino y recto en
mujeres. Esto subraya la relevancia de las hormonas sexuales en la interaccion
entre el SMy la probabilidad de cancer. Particularmente, en el cancer pulmonar, el
riesgo asociado al SM es mas pronunciado en hombres fumadores, en linea con el
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trabajo de Sin et al. [126], que subrayaba una interaccion multifacética entre el SM,
y la probabilidad de cancer de pulmonar, segun el tabaquismoy el IMC.

Los hallazgos obtenidos en el segundo estudio aportan nuevas perspectivas sobre
el impacto del SM en el desarrollo del cadncer al desglosar las asociaciones
individuales y combinadas de los componentes del SM y en analizar la incidencia
acumulada de cancer con un estudio de cohortes.

En este estudio, el colesterol HDL bajo fue el componente con la asociacién mas
fuerte con el cancer, un hallazgo que se alinea con investigaciones como la de Li et
al., que identificaron al colesterol HDL bajo como un marcador clave de riesgo para
el cancer en general (OR 2,40) [144]. Otros estudios han destacado asociaciones
entre HDL bajo y tipos especificos de cancer, como el de endometrio, vejiga,
pancreas, rifiidn, tiroides, colorrectal y pulmén [68,126,127,132,133,145,146].
Estas asociaciones también se observaron en este estudio, consolidando la
importancia del HDL bajo como un elemento determinante en como el SM influye
en el cancer.

La glucemia fue el segundo componente del SM con asociaciones mas altas de
riesgo oncoldgico, un hallazgo que coincide con investigaciones recientes que
destacaban su impacto significativo en la predisposicion a diversos tipos de cancer
[147]. Este resultado adquiere relevancia en un contexto donde la prevalencia
global de la diabetes, impulsada por los niveles altos de glucemia en sangre, sigue
en aumento, lo que podria agravar la carga global del cancer [148]. Diversos
estudios han documentado una correlacion entre la glucemia elevada y un mayor
riesgo de desarrollar canceres especificos, incluidos el colorrectal, endometrial, de
vejiga, prostata, pancreas, tiroides, higado y mama postmenopausico
[126,132,149-152]. Estos resultados refuerzan la hipétesis de que un descontrol
glucémico en sangre actlia como un factor determinante en la carcinogénesis. La
resistencia a la insulina subyacente a la glucemia elevada puede desencadenar
mecanismos fisiolégicos prooncogénicos, como la hiperinsulinemia, que activa
vias de sefnalizacién celular, aumenta los niveles de IGF y crea un microambiente
inflamatorio favorable al desarrollo tumoral [153].

La hipertensién arterial (HTA) se presenta con frecuencia en personas
diagnosticadas cancer [154,155]. Diferentes articulos han indicado una conexién
entre la HTA y varios tipos de cancer, hallazgos que estan en linea con nuestros
resultados en el que se observa que la HTA esta asociada con cancer de pulmén,
rindn y endometrio [68,126,156]. Sin embargo, el proceso mediante el cual la HTA
incrementa el riesgo de cancer no esta completamente definido [157,158].
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Una concentracion alta de triglicéridos (TG) se ha relacionado con un incremento
de la probabilidad de desarrollar ciertos tipos de cancer tales como colorrectal,
endometrio, préstata, pulmoén, cancer de pancreas y linfoma no Hodgkin
[70,126,159]; en nuestro estudio, los TG se asociaron al cancer colorrectal,
endometrio postmenopausico, vejiga y prostata.

En el segundo estudio, se observo que la obesidad incrementa el riesgo de padecer
cancer de mama premenopausico, endometrial postmenopausico y de vejiga,
mientras que se identificd una relacion negativa con el cancer pulmonar. Este
hallazgo es similar al de Recalde et al. [160], quienes, utilizando la base de datos
SIDIAP, encontraron que un mayor IMC se correlacionaba positivamente con el
riesgo de nueve tipos de cancer (endometrio, rindn, vesicula biliar, tiroides,
colorrectal, mama postmenopdausico, mieloma multiple, leucemia, linfoma no
Hodgkin) mientras que presentaba unarelacidon negativa con cancer de pulmén, un
resultado respaldado por estudios nacionales [161]. En nuestro estudio, hemos
empleado el IMC como indicador de obesidad, mientras que otros trabajos han
considerado la medida de la cintura como referencia para evaluar la obesidad
central. En los estudios de Recalde et al. [160], Badou et al. [162] y de Kabat et al.
[163] se examina los dos indicadores (IMC y circunferencia de la cintura) para
determinar la asociacién con diferentes tipos de cancer. En estos estudios
reportaban poca diferencia en el riesgo al utilizar los dos indicadores (IMC y
circunferencia de la cintura), si bien las ratios solian ser un poco mas elevadas al
utilizar la circunferencia de la cintura. En nuestro caso se hicieron analisis de
sensibilidad utilizando la circunferencia de la cintura en vez de IMC y los resultados
fueron similares, excepto para el cancer de pulmoén y prostata, en el que las ratios
eran ligeramente superiores. Debido a que tan sélo teniamos un 15% de la
poblacion con medidas de circunferencia de la cintura, optamos por utilizar el
criterio del IMC.

La combinacién “HDL+Glucemia+HTA” se identificé como la de mayor impacto en
el riesgo de cancer. Estos resultados podrian ser comparables con el estudio de Li
et al. [144], donde examinaban combinaciones de los componentes del SM de 2 a
2y las combinaciones de “HDL+Glucemia”, “HDL+HTA” y “Glucemia+HTA” son las
asociaciones que estaban mas asociadas con el riesgo general de cancer. Estos
resultados subrayan la necesidad de enfoques mds personalizados al considerar
combinaciones especificas de factores de riesgo metabdlicos.

Un aspecto innovador de este estudio es el uso de curvas de incidencia acumulada
para analizar riesgos absolutos, en lugar de limitarse a riesgos relativos. En
individuos que presentaban un componente del SM, la incidencia de cancer global
a 5 anos fue del 5,4% y aumenté hasta el 8,1% en individuos con cinco
componentes del SM, acorde a otros estudios [69]. Los individuos sin componentes
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mostraron una incidencia ligeramente menor. Nuestros hallazgos se alinean con
otros estudios nacionales [127,132,157], que han revelado una mayor incidencia
de cancer a 5 afos entre aquellos con SM en comparacién con aquellos sin SM.

El segundo estudio reveld diferencias significativas en el riego de cancer segun el
sexo. La combinaciéon “HDL+Glucemia+HTA” muestra la mayor probabilidad de
desarrollar cancer en ambos sexos, la segunda combinaciéon con mayor riesgo es
“HTA+Glucemia” para hombres y “HDL+Glucemia+tHTA+TG” en mujeres.
Observamos una incidencia general mas alta en hombres en comparaciéon con
mujeres, un hallazgo respaldado por estudios previos
[68,126,127,149,151,152,157,158]. Ademas, las mujeres fueron diagnosticadas
con cancer a una edad promedio mas avanzada. Los resultados observados
subrayan la necesidad de realizar investigaciones adicionales que profundicen en
la compleja conexién entre las caracteristicas del SM y la probabilidad de
desarrollar cancer, considerando las variaciones especificas de sexo y posibles
factores modificadores como la influencia del microbioma intestinal, la interaccién
entre factores genéticos y ambientales, y el impacto del estrés crénico en la
progresion del SMy el cancer, que aln no han sido completamente explorados en
la literatura actual. Las variaciones entre hombres y mujeres podrian explicarse por
la interaccidon de hormonas sexuales, junto con factores biolégicos y diferencias en
los estilos de vida [126,152,158]. Estos resultados enfatizan la necesidad de
incorporar un enfoque diferenciado por sexo en futuros estudios, particularmente
al examinar los componentes individuales del SM, a fin de desarrollar estrategias
de prevencidon y manejo adaptadas a cada grupo.

Nuestros hallazgos sobre las diferencias en el tiempo hasta el diagndstico segun el
numero de componentes del SM afaden una dimensién temporal clave al
conocimiento existente. Entre los participantes con diagnéstico de cancer,
aquellos con mas componentes del SM presentaron un tiempo mas corto hasta el
diagndstico en comparacion con aquellos con menos componentes del SM o sin
ellos. Este patron también ha sido observado en otros estudios, sugiriendo que la
acumulacion de componentes del SM podria acelerar procesos biolégicos
asociados con la progresion tumoraly la deteccidn clinica [132,164]. El analisis de
tiempo hasta el diagndstico también destaca la relevancia de intervenciones
tempranas en poblaciones con multiples factores metabdlicos, ya que estas
diferencias temporales podrian representar ventanas de oportunidad critica para
estrategias de deteccion precozy manejo integral del cancer [165].

El segundo estudio no solo confirma las asociaciones generales entre el SM y el
cancer, sino que amplia significativamente el conocimiento al identificar
combinaciones especificas de componentes, al evaluar riesgos absolutos
mediante curvas de incidencia acumuladay al incorporar una dimensiéon temporal



Capitulo 7. Discusién 115

clave. Estos hallazgos refuerzan la importancia de enfoques preventivos
personalizados y subrayan el valor de estrategias basadas en combinaciones de
factores de riesgo metabdlicos especificos.

El tercer estudio refuerza la evidencia sobre el efecto acumulativo del SM en la
mortalidad oncolégica e introduce un enfoque novedoso al considerar métricas
como la esperanza de vida restante (RLE) y los anos de vida perdidos (LYL),
proporcionando una perspectiva mas completa sobre su repercusion en pacientes
oncolégicos.

Estudios recientes han reportado una relacidon significativa entre el SM y la
mortalidad en pacientes oncoldgicos [74-77]. De manera similar a nuestros
hallazgos, investigaciones como la de Watanabe [77], asi como otros estudios
destacados como el J-MICC[76]y el NHANES Il [74], han evidenciado una relacién
proporcional positiva entre la cantidad de componentes del SM y la mortalidad
asociada al cancer. Estos hallazgos refuerzan la hipdtesis de que un mayor nimero
de componentes del SM eleva considerablemente la mortalidad relacionada con el
cancer, a diferencia de los componentes individuales, que presentan una
asociacion con riesgos mas bajos [166,167].

Nuestros hallazgos indican que el SM esta asociado con una disminucién en la RLE
en hombres afectados por varios tipos de cancer, como colorrectal, hepaticos,
pancreas, vejiga, rindn y prdstata, asi como en leucemiay linfomas de Hodgkin y no
Hodgkin. En las mujeres, se observaron relaciones en varios canceres, como el
colorrectal, higado, mama, endometrioy vejiga, junto con la leucemiay los linfomas
de Hodgkin, tal como han senalado otros estudios publicados [130,149,164,168-
175]. Estos resultados subrayan la importancia de abordar el impacto del SM en la
supervivencia oncoldgica desde una perspectiva que considere las diferencias de
sexo, particularmente en relacion con los tipos especificos de cancer. Ademas,
estudios como el de Ma et al. refuerzan la idea de que estas diferencias estan
mediadas por hormonas sexuales y diferencias bioldgicas entre ambos sexos [176].

El estudio de Watanabe et al. [77], identificd una asociacién directa entre elSMy la
mortalidad por cancer en mujeres, pero en hombres no se encontré evidencia
similar. Contrariamente, en nuestro estudio se evidenciaron diferencias enla RLE y
en las curvas de Kaplan-Meier segun el sexo, mostrando mejores resultados de
supervivencia en mujeres, un hallazgo consistente con otros estudios que sugieren
que esta disparidad no puede explicarse completamente por diferencias en el
estadio, grado o tratamiento del cancer [93,177]. Aspectos como habitos de vida 'y
diferencias inmunolégicas parecen influir en estas discrepancias en la
supervivencia segun el sexo.
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Aunque existen diferencias metodolégicas, los resultados de este estudio estan
alineados con investigaciones previas. En otros trabajos, el SM se ha relacionado
con mas mortalidad en cancer colorrectal [149], y peor supervivencia en el linfoma
no Hodgkin [168]. En el caso de los hombres, se observaron asociaciones con en el
cancer de rindén [170], prostata [169] y pulmdn [178], mientras que, en mujeres, la
relacién fue particularmente fuerte en canceres ginecoldgicos, especialmente el de
endometrio [179,180]. Nuestros hallazgos coinciden con estas asociaciones
previas. Sin embargo, en mujeres encontramos aun mas relaciones, ampliando la
evidencia sobre la influencia del SM en distintos tipos de cancer. No se encontraron
estudios especificos que analicen el impacto global del SM sobre las tasas de
supervivencia en el linfoma de Hodgkin o la leucemia, sin embargo, en nuestro
estudio se observa que el SM estd asociado con una menor supervivencia y una
mayor mortalidad en estos tipos de cancer. En cuanto al cancer de tiroides, los
estudios actuales presentan limitaciones en cuanto a la duracién del seguimiento,
lo que dificulta confirmar elimpacto del SM en la supervivencia. Como sefalaron Li
et al., se necesita un seguimiento mas extenso y detallado para confirmar con
certeza coémo el SM afecta la supervivencia en este tipo de cancer [79].

En los canceres ginecoldgicos, como el de mama y el de endometrio, se observd
una clara tendencia de disminucién en la supervivencia con el incremento de
componentes del SM en mujeres postmenopausicas. Con respecto al cancer de
mama y endometrio premenopausico, se identificé una tendencia similar, aunque
menos pronunciada Estos hallazgos son consistentes con lo reportado en la
literatura cientifica, donde el sindrome metabdlico se ha asociado con un peor
prondstico en estos tipos de cancer[175,180-182].

Los resultados obtenidos mediante las curvas de Kaplan-Meier para mirar
supervivencia son muy similares a los observados en el anélisis de RLE. Aunque
algunos estudios reportan ligeras variaciones en las tasas de supervivencia, el
patron general de supervivencia reducida en pacientes con 23 componentes del
SM, en comparacién con aquellos con 0 componentes, es consistente con nuestros
hallazgos. Los analisis de supervivencia realizados con la técnica de Kaplan-Meier
ilustran las trayectorias de supervivencia durante el seguimiento de 10 afos,
mostrando como evolucionan las probabilidades de supervivencia en el tiempo. Por
otro lado, los analisis principales basados en RLE y LYL resumen el impacto del SM
a lo largo de toda la vida. Ambos enfoques son complementarios: mientras que las
curvas de Kaplan-Meier se centran en la supervivencia en las etapas iniciales e
intermedias, los analisis de RLE y LYL proporcionan una vision mas integral del
impacto a largo plazo [183].

En conjunto, el tercer estudio se alinea con una creciente evidencia que relaciona
el SM con la progresién tumoraly una baja esperanza de vida restante. No obstante,
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afade una dimensién Unica mediante el analisis de métricas como la RLE y los LYL,
resaltando la importancia de considerar combinaciones especificas de
componentes metabdlicos y diferencias de sexo en futuros trabajos. Estos
hallazgos destacan la importancia de implementar enfoques preventivos y
estrategias de manejo personalizadas para reducir las consecuencias del SM en
personas con diagndstico de cancer.

En comparacion con los métodos de Cox y Kaplan-Meier, la esperanza de vida
restante (RLE) ofrece una interpretacion mas sencilla al cuantificar directamente el
tiempo de supervivencia entre diferentes grupos, facilitando la comunicacién clara
con los clinicos y los pacientes, y proporcionando una comprension mas nitida del
impacto de diversos factores en la supervivencia general. La RLE se centra en
resultados orientados al paciente al destacar la duracidn total de la vida, que a
menudo es mas relevante para los pacientes que las medidas relativas de riesgo
(como los HR). Ademas, la RLE ofrece medidas absolutas del tiempo de
supervivencia, que pueden ser mas informativas en la toma de decisiones clinicas,
mientras que las curvas de Kaplan-Meier proporcionan informacidén visual valiosay
son ampliamente utilizadas.
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7.2 FORTALEZAS Y LIMITACIONES

Fortalezas

Estos estudios presentan varias fortalezas clave que refuerzan la validez y
aplicabilidad de sus hallazgos en contextos clinicos y de la salud publica.

Una de las mayores fortalezas de este estudio radica en la utilizacién de la base de
datos del Sistema de Informacién para el Desarrollo de la Investigacién en Atencidon
Primaria (SIDIAP) [112]. La base de datos SIDIAP recopila extensos registros
electronicos de salud anonimizados de mas de 8 millones de individuos Unicos
desde 2006, con aproximadamente 5,8 millones de personas actualmente activas,
lo que representa alrededor del 75% de la poblacidon catalana. Ademas, el SIDIAP
destaca como una de las bases de registros mas completas y representativas
accesibles internacionalmente, en términos de cobertura y profundidad de
informacién en atencion primaria, lo que refuerza su capacidad para generar
conocimiento aplicable globalmente.

La amplitud del tamafio muestral y calidad de los datos disponibles en la base de
datos del SIDIAP permiten un analisis robusto y detallado de multiples condiciones
de salud, incluida la relacion entre el SM y el cancer, que es el eje de este trabajo.
Ademas, al tratarse de una base de datos poblacional, se evita el posible sesgo de
seleccion que puede ocurrir en estudios realizados uUnicamente en entornos
hospitalarios o en cohortes especificas.

El uso de una base de datos como la SIDIAP proporciona una alta validez externa.
Al representar una poblacidén general diversa, los resultados obtenidos pueden
extrapolarse a otras regiones con caracteristicas similares, ampliando el impacto
potencial de las conclusiones. Sin embargo, también permite identificar patronesy
asociaciones especificos de esta poblacién, que podrian ser relevantes para
disenar intervencionesy politicas de salud publica adaptadas a este contexto.

Otra fortaleza de este estudio es el uso de la base de datos del Instituto Nacional
de Estadistica (INE) para la determinacién de las causas de defuncién. Esta fuente
oficial garantiza un alto nivel de fiabilidad y estandarizacion en la clasificacion de
las muertes, al estar basada en los certificados de defuncién oficiales codificados
segun la Clasificacion Internacional de Enfermedades (CIE).

Elseguimiento de 10 afios en este estudio (2008-2017) proporciona una base sélida
para evaluar las asociaciones entre el SM y la incidencia, supervivencia y RLE en
nuestra poblacién. Este extenso periodo de observacién permite identificar
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patrones a largo plazo. Ademas, el seguimiento prolongado reduce el riesgo de
sesgos relacionados con fluctuaciones temporales en los factores metabdlicos o
clinicos, proporcionando resultados mas fiables y representativos. También facilita
un analisis detallado de las diferencias segin sexo y tipo de cancer, lo que
contribuye a una comprensién mas completa del impacto del SM en la oncologia.

Una de las fortalezas mas destacadas de este trabajo es su enfoque detallado y
exhaustivo sobre el SM y cada uno de sus componentes individuales. En este
estudio, no solo se evalua el SM como un factor global, sino que también se
desglosan sus componentes de manera individual y en diferentes combinaciones.
Este enfoque permite identificar patrones de riesgo especificos vinculados a cada
componente del SM, proporcionando una comprension mas detallada de su
contribucion en la aparicidon de algunos canceres especificos. Ademas, el estudio
incluye el analisis del nUmero de componentes presentes en cada individuoy como
estos contribuyen al desarrollo de cancer. Este enfoque permite comprender de
manera mas clara cémo la acumulacion gradual de alteraciones metabdlicas eleva
la probabilidad de desarrollar cancer.

Este enfoque diferencial proporciona evidencia sdlida sobre cémo cada
componente contribuye al desarrollo de cancery afecta la RLE tras el diagndstico.

El disefio metodolégico utilizado en este trabajo constituye una de sus principales
fortalezas, pues permite obtener resultados robustos, fiables y ajustados a los
objetivos planteados. Este estudio combina elementos de un analisis de casos y
controles emparejados, con otros dos de cohortes, lo que maximiza la capacidad
para identificar asociaciones significativas entre el SM, sus componentes y el
cancer, asi como su impacto en el RLE tras un diagnéstico oncolégico.

Este enfoque es especialmente valioso cuando se estudian multiples tipos de
cancer, ya que facilita la identificacidon de patrones especificos para cada tipo.

Asimismo, se implementaron estrategias adicionales para minimizar el sesgo y
mejorar la precisidon de los analisis. Por ejemplo, se excluyeron del estudio los casos
de cancer secundarios, multiples o aquellos con errores diagndsticos evidentes, lo
que garantiza la validez de los datos analizados. Ademas, se realizaron analisis de
sensibilidad para examinar la solidez de los resultados, incluyendo la exclusién de
tipos de cancer menos frecuentes y la evaluacién de posibles efectos residuales.
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Limitaciones

La base de datos SIDIAP no incluye informacion detallada sobre ciertos factores
relevantes. Variables importantes que no tiene la base de datos SIDIAP son la dieta,
marcadores inflamatorios / hormonales y tratamiento del cancer (en pacientes que
han sido diagnosticados). La ausencia de estas variables limita la capacidad de
ajustar los andlisis influyendo en la consideracién del SM como un determinante de
riesgo para ciertos tipos de cancer. Sin embargo, se han incluido variables
importantes en la relacion SM-Cancer como tabaco, farmacos, diagndsticos, IMC,
MEDEA, nacionalidad. Hay variables que recoge el SIDIAP, pero debido a su alto
porcentaje de valores perdidos no son muy utiles para la investigacién, como
actividad fisica y medidas de circunferencia abdominal (indicador clave de
obesidad central), aunque esta ultima limitacidon se subsand utilizando el IMC,
cambio que esta avalado por la OMS [37]. Hemos comparado nuestros hallazgos
con estudios que incluyen variables que nosotros no disponemos o las tenemos
con un alto porcentaje de valores perdidos, y los resultados de estos estudios son
consistentes con nuestros resultados [35,85,127,184-186], lo que aumenta la
validez de nuestros hallazgos.

Alinicio del seguimiento, algunos individuos carecian de datos sobre componentes
especificos del SM, lo que llevé a asumir que los datos faltantes indicaban niveles
normales, lo que podria haber generado un sesgo en la clasificacion. En el primer
estudio, se realizaron diversos analisis de sensibilidad para construir la variable de
SM, vy los resultados eran consistentes con el analisis principal. Aparte, nuestros
datos sobre el uso de tabaco y la ingesta de alcohol presentan una proporcion
considerable de valores perdidos, especialmente al inicio del seguimiento, y para
mitigar este problema, hemos utilizado imputacién multiple en el primer estudio.
Aunque es cierto que este método tiene sus propios sesgos, la teoria actual sugiere
que el sesgo de la imputacion multiple es menor que el de un analisis basado
Unicamente en casos completos [187]. En el segundo estudio incluye a casi 4
millones de participantes, y un participante podia cambiar su estatus de SM a lo
largo del tiempo, con lo que multiplicaba el numero de registros. Por ello, se optd
por crear una categoria especifica para valores faltantes, lo que facilitd el analisis y
la viabilidad computacional para generar resultados. Inicialmente, realizamos
pruebas de sensibilidad generando un conjunto de datos con imputacion multiple
a partir de una base simplificada, para lo cual fue necesario reducir el nimero de
variables y agrupar categorias. Dado que los resultados obtenidos fueron muy
similares a los del modelo con la categoria de valores faltantes, y como la
imputaciéon multiple era un proceso altamente demandante en tiempo y que su
modelo presentaba ciertas limitaciones, decidimos no utilizar modelos de
imputacion multiple en el segundo estudio. Aunque esta eleccion podria introducir
un ligero sesgo, se considerd preferible al analisis de casos completos, el cual
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hubiera reducido significativamente el tamafio muestral y aumentado el riesgo de
sesgo debido a la eliminacién de registros. Esta decisidon esta respaldada por la
literatura, que sugiere que, en contextos con grandes volumenes de datos, técnicas
simples como la creacidon de categorias adicionales pueden ser una alternativa
pragmaticay efectiva [188].

En el andlisis de los estudios de cohorte, algunos participantes fueron censurados
debido alaemigracion o pérdida de contacto con el sistema de salud. Aunque estas
pérdidas se ajustaron en los modelos estadisticos mediante técnicas estandar para
datos censurados, existe la posibilidad de que estas censuras no sean
completamente aleatorias. Esto podria introducir sesgos en los resultados,
especialmente si las caracteristicas de los participantes censurados difieren
significativamente de los que permanecieron en el estudio. Para mitigar esta
limitacion, se compararon los datos iniciales de los individuos censurados con los
que completaron el seguimiento para identificar posibles diferencias y ajustar en
consecuencia. En estos analisis no se apreciaron diferencias significativas por lo
que las censuras eran aleatorias. Estas estrategias buscan garantizar la robustez de
nuestras conclusiones pese a las pérdidas en el seguimiento.

Dado que este trabajo se basa en datos observacionales, no se pueden establecer
relaciones de causalidad entre el SM y el cancer o entre el SM y el RLE. Las
asociaciones observadas deben interpretarse con precauciéon, dado el potencialde
confusién residual. La RLE ofrece un promedio estadistico que refleja los afos
esperados de vida promedio para un grupo de personas con caracteristicas
similares, como el diagndstico de cancer y la presencia del SM. Sin embargo, no
debe extrapolarse como una prediccion exacta del numero de anos que le quedan
por vivir a un individuo especifico con cancer. Esta diferencia subraya la naturaleza
poblacional de la RLE y la necesidad de contextualizar los resultados dentro de un
marco mas amplio, sin asumir que se trata de un prondstico personalizado.

El analisis de RLE en este estudio se ajustd Uunicamente por edad, sin considerar
factores relevantes adicionales como el uso de tabaco, la ingesta de alcohol, nivel
socioeconémico, nacionalidad, actividad fisica, paridad o tratamientos
especificos. Esto es debido a las limitaciones de la versién del paquete estadistico
lillies que se utilizé para el andlisis de RLE y que tan sélo permite tener en cuenta la
edad [189]. La ausencia de estas variables en los modelos estadisticos podria
haber introducido sesgos en las estimaciones de RLE, afectando la interpretacion
de los resultados. Esto resalta la necesidad de desarrollar futuras investigaciones
que incorporen un ajuste mas amplio por estas variables clave, para lograr
estimaciones mas precisas y contextualizadas.
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Para el primery el tercer articulo asumimos que una vez que una persona obtenia
un resultado anormal, esta estaba constantemente expuesta a dicho componente,
incluso si resultados posteriores mostraban una mejora. Existe evidencia que
apoya el concepto de "memoria metabdlica", aunque un individuo deje de cumplir
con los criterios del SM, sigue teniendo una probabilidad aumentada de desarrollar
varios tipos de cancer [68].

El estudio aporta una base sdlida para detectar de manera precoz a las personas
con mayor probabilidad de desarrollar cancer debido a la coexistencia de uno o
varios componentes del SM. Esto permitiria a los médicos implementar estrategias
de manejo personalizadas, que no solo mejorarian los resultados metabdlicos, sino
que también podrian disminuir de manera considerable la probabilidad de
desarrollar cancer en estos pacientes.

EL SM es una condicién modificable, lo que significa que intervenciones dirigidas al
cambio en el habito de vida podria influir de manera relevante en disminuir la
incidencia de céancer, mejorar el bienestar general y también prolongar la
supervivencia, especialmente en aquellos con multiples componentes del SM.
Este trabajo demuestra no solo la relevancia académica de los hallazgos, sino
también su potencial para traducirse en politicas de salud publica y estrategias
clinicas efectivas, logrando un impacto tangible en la prevenciéon del cancer y el
manejo del SM.
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7.3 IMPLICACIONES DE LOS RESULTADOS Y FUTURAS LINEAS DE
INVESTIGACION

Este trabajo abre multiples oportunidades para profundizar en los hallazgos
obtenidos. Seria particularmente valioso realizar estudios longitudinales que
examinen codmo las variaciones en los componentes del SM, ya sea por mejora o
deterioro, afectan la probabilidad de desarrollar cancer y las tasas de
supervivencia. Esto permitiria evaluar de manera mas precisa el impacto de
intervenciones especificas, como modificaciones en los habitos de vida,
tratamientos farmacoldgicos y nuevas terapias metabdlicas, en la reduccién del
riesgo oncolégico y la mejora de los resultados clinicos.

Ademas, integrar variables adicionales, como factores dietéticos, niveles de
actividad fisica, marcadores inflamatorios y datos hormonales, permitiria un
analisis mas detallado y ajustado que profundice en los mecanismos subyacentes
entre el SMy el cancer. También seria pertinente investigar las diferencias culturales
y geograficas en estas asociaciones, utilizando bases de datos internacionales para
evaluar la generalizacion de los hallazgos a otras poblaciones con diferentes
contextos epidemiolégicos y sociales.

Por ultimo, el uso de las fuentes de informacion como SIDIAP e INE ha puesto de
manifiesto la utilidad de los grandes conjuntos de datos clinicos para la
investigacion. Futuras investigaciones podrian beneficiarse de herramientas
avanzadas de analisis de big data e inteligencia artificial, no solo para identificar
patrones y asociaciones complejas, sino también para desarrollar modelos
predictivos més precisos que guien intervenciones personalizadas en la prevencidén
y manejo del SMy el cancer.

En conjunto, los resultados de esta tesis tienen un impacto inmediato en el
entendimiento del SMy su relacién con el cancer, a la vez que establecen una base
sdlida para avances futuros. Estas evidencias contribuiran a desarrollar estrategias
mas eficaces en la prevencion, tratamiento y disefio de politicas de salud publica,
dirigidas a mitigar la creciente carga combinada del SMy el cancer en la poblacion.
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7.4 RESUMEN DE LA DISCUSION POR ARTICULOS

Primer estudio: Estos resultados subrayan el papel del SM como un determinante
clave en el riesgo de diversos tipos de cancer y resaltan la necesidad de enfoques
diferenciados en su prevencidon y manejo, considerando factores como el sexo, el
tabaquismo y la interaccion sinérgica de sus componentes. Este estudio
proporciona evidencia solida sobre la asociacion entre el SMy el cancer, mostrando
que un mayor numero de componentes del SM se vincula con una mayor
incidencia. Estos hallazgos refuerzan la importancia de estrategias preventivas
integrales para reducir el impacto del SM en la aparicion del cancer.

Segundo estudio: El segundo articulo amplia los hallazgos del primero al analizar
con mayor detalle cémo el SM esta relacionado con el riesgo de desarrollar.
Mientras que el primer articulo demostré que un mayor numero de componentes
del SM esta vinculado a un incremento significativo en el riesgo de cancer, este
segundo articulo investiga mas a fondo las asociaciones individuales y combinadas
de los componentes del SM. A diferencia del disefo caso-control utilizado en el
primer articulo, este estudio adopta un enfoque de cohorte, lo que permite analizar
riesgos absolutos y aportar una perspectiva complementaria sobre el impacto
acumulativo del SM.

Finalmente, el estudio destaca coémo un incremento en la cantidad de
componentes del SM no solo eleva el riesgo de cancer, sino que también reduce el
tiempo hasta el diagndstico de la enfermedad en comparacién con individuos sin
SM o0 con menos componentes. Estos hallazgos refuerzan la importancia de
abordar el SM de manera integral en las estrategias de prevencion y manejo del
cancer, especialmente mediante la identificacién y el control temprano de
combinaciones especificas de componentes que elevan significativamente el
riesgo.

Tercer articulo: Los resultados refuerzan la importancia de los componentes del
SM como predictores relevantes de la mortalidad en pacientes oncoldgicos. Este
estudio refuerza la evidencia de que los componentes del SM no solo elevan la
probabilidad de desarrollar cancer, sino que también afectan de manera adversa la
supervivencia tras el diagndstico. Proporciona una perspectiva Unica al utilizar
métricas como RLE y LYL, ofreciendo una visidn mas tangible y centrada en el
paciente, con implicaciones significativas para estrategias preventivas y de manejo
en pacientes con SMy céancer.
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8. CONCLUSIONES
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8. CONCLUSIONES

1.- ELSM se asocia significativamente con un aumento en el riesgo de desarrollar 11
de los 13 tipos de cancer evaluados, siendo este riesgo mayor a medida que
aumenta el niumero de componentes del SM.

2.- Los canceres asociados positiva y significativamente con el SM incluyen
colorrectal, higado, pancreas, mama postmenopausico, endometrio (pre y
postmenopausia), vejiga, rinén, linfoma no-Hodgkin, leucemia, pulmdn y tiroides.

3.- En general, tener SM (=23 componentes) se asocia con un mayor riesgo de cancer
que tener 1 0 2 componentes del SM.

4.- El riesgo asociado al SM es mayor en hombres que en mujeres para el cancer
colorrectal y de pulmon.

5.-Laincidencia de cancera 5y 10 anos fue mayor en personas con un componente
del SM que en aquellas sin SM, aumentando progresivamente con el nimero de
componentes.

6.- Las personas con componentes del SM fueron diagnosticadas con cancer antes
que aquellas que no tenian componentes del SM.

7.- Entre los componentes del SM, el colesterol HDL y la glucemia son los que
muestran una asociacion mas fuerte con el riesgo de cancer en general, tanto de
forma individual como en combinacion.

8.-Entre las combinaciones de dos componentes, la asociacion "HDL+Glucemia"
es la mas determinante en hombres, mientras que en mujeres destaca la
combinaciéon "HDL+HTA". En general, "HDL+Glucemia+HTA" fue la combinacidn
mas asociada al riesgo de cancer, tanto en hombres como en mujeres.
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9.- Laiincidencia de cancer es significativamente mayor en hombres con SM que en
mujeres, aunque las mujeres diagnosticadas suelen presentar una mayor edad
promedio al momento del diagnéstico.

10.- ELRLE tras el diagndstico de cancer a los 68 afios se reduce significativamente
en pacientes con multiples componentes del SM. A mayor numero de
componentes, menor es el RLE.

11.- Las asociaciones entre una menor RLE y un mayor niumero de componentes
del SM se observaron en ambos sexos, afectando a 8 de 11 tipos de cancer en
hombres (colorrectal, higado, vejiga, rifidn, préstata, linfoma no-Hodgkin, leucemia
y pulmén) y 9 de 12 en mujeres (colorrectal, higado, mama, endometrio, vejiga,
rindn, linfomma Hodgkin, linfoma no-Hodgkin, leucemia).

12.- Segun los analisis de Kaplan-Meier, la supervivencia disminuye conforme
aumenta el numero de componentes del SM.
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ABSTRACT

Background Metabolic syndrome (MS) is defined by the
clustering of specific metabolic disorders in one subject.
MS is highly prevalent globally and currently considered

a growing public health concern. MS comprises obesity,
hypertension, dyslipidaemia and insulin resistance.
Mechanisms linking MS with cancer are poorly understood,
and it is as yet unknown if MS confers a greater risk than
the risk entailed by each of its separate components. The
main objective of this study is to compare the association
between MS and 14 site-specific cancer against the
association between one or two individual components

of MS and cancer. The secondary objective is to evaluate
the time elapsed since the diagnosis of MS and the
subsequent onset of cancer within the 2006—2017 period
by sex.

Methods and analysis A case—control study will be
conducted for the main objective and a cohort of patients
with MS will be followed for the evaluation of the second
objective. Incident cases of fourteen types of cancer in
patients >40 years of age diagnosed prospectively will

be selected from electronic primary care records in the
Information System for Research in Primary Care (SIDIAP
database; www.sidiap.org). The SIDIAP database includes
anonymous data from 6 million people (80% of the Catalan
population) registered in 286 primary healthcare centres.
Each matched control (four controls for each case) will
have the same inclusion date, the same sex and age

(=1 year) than the paired case. Logistic regression and

a descriptive analysis and Kaplan-Meier analysis will be
performed, in accordance with the objectives.

Ethics and dissemination The protocol of the study was
approved by the IDIAP Jordi Gol Clinical Research Ethics
Committee (protocol P17/212). The study’s findings will
be published in a peer-reviewed journal and disseminated
at national and international conferences and oral
presentations to researchers, clinicians and policy makers.

INTRODUCTION

Metabolic syndrome (MS) consists in the clus-
tering of various cardiometabolic risk factors
such as obesity, specifically central obesity as

Strengths and limitations of this study

» Data on cancer diagnoses in the Information System
for Research in Primary Care database are reliable.

» Long follow-up times.

» Underestimation of the prevalence of some diseases
and left truncation.

» Waist circumference is only available for a small
proportion of individuals.

» Under-recording and quality of variables in the pri-
mary care setting.

measured by waist circumference, hyperten-
sion, dyslipidaemia and insulin resistance.' It
is a growing public health problem due to its
high global prevalence. For instance, a study
from the USA indicated a prevalence of MS
around 24% in the general population and
of 50% in patients with ischaemic cardiop-
athy and other vascular conditions and also
a significant increase in prevalence with age.”
In Spain, previous studies have shown that the
prevalence of MS ranges between 23% and
31%; it increases with age, and until 65 years
of age, it is higher in men than in women;
conversely, the prevalence of MS after 65
years of age is higher in women.”*

While MS was initially considered a risk
factor for diabetes and cardiovascular disease,5
emerging studies suggest that it is also a risk
factor for different types of cancer. However,
to our knowledge, no evidence exists to date
to indicate whether MS confers a higher risk
of cancer than its individual components.”

According to various studies,7_10 MS is asso-
ciated with a higher risk of liver, colorectal
and bladder cancer in men and endome-
trial, pancreatic, colorectal, ovarian and
postmenopausal breast cancer in women.
Evidence concerning the possible association
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with prostate cancer is still conflicting. Whereas a study by
Esposito et al'' did not find any association between MS
and prostate cancer, a recent publication by Gacci et al'®
found a slight correlation. Data and publications for less
prevalent types of cancer (incidence <6,/100 000/year)"?
and for thyroid cancer, multiple myeloma, non-Hodgkin
lymphoma and leukaemias are currently scarce. However,
a recent meta-analysis found a higher risk of haematolog-
ical cancer'* in patients with MS.

The pathophysiology that underlies the association of
MS with cancer is as yet poorly understood. Components
of MS such as obesity,"” glucose levels'® and high blood
pressure'® ' are associated with higher risk of various
types of cancer. In the pathophysiology of MS, adipose
tissue is known to deregulate cytokine production,
causing a chronic inflammatory state that can ultimately
mediate tumorous development. Additionally, adipose
tissue has been linked to insulin resistance,'® although
insulin resistance is not found in all obese patients.? It is
thus possible for the association between MS and cancer
to be mediated by the coexistence of obesity and insulin
resistance as the main factors.” There are some patients
who besides having MS also have hyperinsulinaemia,
because the pancreas compensates the insulin resistance
with insulin extrasecretion. Other studies suggest that
high-density lipoprotein cholesterol (HDL-C) cholesterol
is inversely correlated with cancer.®*

Whether MS carries a higher risk than the risk of each
separate MS component is unclear. Recent research looks
to elucidate if the effect of MS as a whole is stronger than
the effect of each component individually. Indeed, our
study would allow us to analyse this aspect. For instance,
in the case of endometrial cancer, obesity on its own
carries a higher risk than MS as a whole.*! MS is slightly
associated with prostate cancer, but a stronger associa-
tion exists between prostate cancer and hypertension.'?
With respect to kidney cancer, the time of progression
to cancer has shown to be shorter in patients with MS,
whereas it remains unchanged when considering any
single component of MS.** In postmenopausal breast
cancer, the association with MS is also higher than with
individual components.®' In conclusion, it is yet unclear if
the risk of MS is higher than the risk of MS single compo-
nents in some types of cancer.

This project will contribute new evidence on the associ-
ation between MS and cancer using a large database with
electronic primary care records of people that attended
primary care centres in Catalonia during the 2006-2017
period. In addition, we will be able to determine the time
of exposure to MS, that is, from the MS diagnosis until
the diagnosis of cancer. With these data, we will be able
to evaluate the role of MS in cancer risk and the risk of
cancer with one or twoMS components. Additionally, the
use of an anonymised and validated databases facilitates
the agile retrieval of retrospective data. Our database,
known as the Information System for the Development of
Research in Primary Care (SIDIAP) (www.sidiap.org),23
includes approximately 6 million people, that is, 80% of

the Catalan population, and thus facilitates the study of
less prevalent cancer types that have been scarcely studied
to date. Research studies with databases provide large
amounts of information (clinical, laboratory and phar-
maceutical data) at a reasonable cost. In addition, long
follow-up times are made possible since the electronic
medical records started in 2005. Arguably, the main
justification of this study on MS and its relationship with
cancer is that MS can be modified by adopting healthy
lifestyles that reduce obesity, cholesterol and blood pres-
sure. Indeed, healthy lifestyles can contribute to reduce
the prevalence of MS in the adult population.**

The current study will provide scientific evidence for
the future implementation on new preventive strategies
in primary healthcare and to obtain significant results
in the fight against cancer. Patients with MS could be
encouraged to be screened for cancer and, more impor-
tantly, to adopt healthier lifestyles as prevention strategy.”

The main objective of this project will be to investigate
the association of MS with 14 types of cancer diagnosed in
the electronic primary care records from 1 January 2006
to 31 December 2017 in SIDIAP database, as well as to
compare the association between MS and cancer versus
0, 1 or 2 single MS components. As secondary objec-
tive, from the cohort of patients with MS obtained from
the case—control study, we will analyse the time elapsed
between diagnosis of MS and onset of cancer.

METHODS AND ANALYSIS

Design

Case—control study for the main objective and in a
subgroup of patients, longitudinal study to evaluate time
of MS exposure to onset of cancer.

Data collection

This study collects all information from SIDIAP data-
base. In Spain, primary care doctors and nurses have a
pivotal role in the public health system since they have
primary responsibility for the health of the population.
The Spanish public health system has a coverage of over
98% of the population, most of which visit their GP at
least once a year. The computerisation of primary care
medical records in Catalonia started in 2005. The SIDIAP
is a reliable database with information from primary
care records for use in biomedical research. From
2005, the SIDIAP collects information of approximately
6million patients®™ * and is thus representative of the
whole Catalan region. The SIDIAP includes information
collected by primary care professionals during visits such
as physical measurements, clinical diagnoses, laboratory
tests, treatments, referral to specialist, sociodemographic
and lifestyles information.

Sample size

In the SIDIAP database, we have over 350000 patients
with cancer, of which 171275 correspond to the subtypes
considered in the study. Furthermore, we estimate that
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approximately 400000 patients could be exposed to MS.
Assuming an OR=1.3 (power of 80%, alpha risk 5%, no
losses, 18% controls exposed to MS and four controls
per case), we would need a minimum of 939 cases of
cancer and 3756 controls for the main objective. This
study involves all cases in the SIDIAP, and thus, we exceed
the minimum cancer cases required. There are more
than 2000 patients for each type of cancer registered in
SIDIAP and included in the study, with the exception
of Hodgkin’s disease. In this case, we will have approxi-
mately 725 patients, and assuming an OR=1.3, the power
will be 69%.

Study population and inclusion/exclusion criteria
All participants in the SIDIAP database of 240 years of age
collected from 1 January 2006 to 31 December 2017.

The case — control study aims to analyse the cases of
cancer that have been exposed to MS or to 0, 1 or 2 single
components of MS and evaluate if the risk of MS on cancer
is greater than the risk provided by 1 or 2 components.
Patients with incident cancer between 1 January 2008 and
31 December 2017 will be selected. It is required that the
cancer case has to be exposed for a minimum of two years
to the MS; in other words, the onset of exposure to MS
must be at least two years before the diagnosis of cancer.
Secondary cancers and metastases will be excluded. The
date of the diagnosis of cancer will be considered the
index date. Four controls will be selected for each case,
considering as index date of the control the date of the
selection of the case. The onset of the exposure to MS in
the controls, as in the cases, must begin at least two years
before to index date. Each paired case— control will be of
the same sex and age (+ 1 year).

The cohort of patients diagnosed with MS selected in
the case—control study will be followed, the time elapsed
until the onset of cancer will be evaluated and the cancer-
free time will be thus calculated and compared by sex.

Study variables

MS and components

For the construction of the variable MS, the criteria

defined by the International Diabetes Federation Task

Force on Epidemiology and Prevention; National Heart,

Lung, and Blood Institute; American Heart Association;

World Heart Federation; International Atherosclerosis

Society; and International Association for the Study of

Obesity' °?” published by Alberti et alin 2009 was used:

1. High blood pressure (defined using the International
Statistical Classification of Diseases and Related Health
Problems, version 10 (ICD-10) codes)): I110-115 or dis-
pensed pharmacological treatment of any antihyper-
tensive drug or blood pressure 2130/85mm Hg.

2. Waist circumference 2102 cm for men and 288 cm for
women.

3. HDL-Cholesterol (High Density Lipoprotein) or drug
treatment for reduced HDL-C or blood levels <40 mg/
dL in men and <50mg/dL in women.

4. Triglycerides) 2150 mg/dL.

5. Fasting glucose levels 2100mg/dL.

For the diagnosis of MS, at least 3 of 5 cardiometabolic
parameters are required.

MS and its components will be used to construct a
composite variable: 0, 1, 2 and 23 (MS) components.

The first pathological value of one of these variables
registered in the database will be taken as the reference
date, and from that moment, it will be considered that a
patient is exposed to this factor in a constant and fixed
manner until the end of the study. In a sensitivity analysis,
we will consider two measures of parameters separated
at least by 2 weeks (maximum lyear) to ensure that the
patient has that pathological component of MS.

We will assume two considerations in relation to the
WHO definition of MS?": since we anticipate that waist
circumference will be mostly unavailable for the majority
of individuals, we will also consider a body mass index
>30kg/m” as an MS component. Since this represents
a strong limitation, we will perform a sensitivity analysis
including only those individuals who have a registered
waist circumference measurement in the database.

A first diagnosis can indicate the first time a condition is
recorded in the data base but not necessarily the moment
from which the patient is exposed to a specific condition.
Specifically, this situation is a fact in those cases where the
data of registration is in 2006, when the data start to be
collected in the database. For this reason, we will carry
out a sensitivity analysis including only those patients who
have the first registration of a component from 2007.

Cancer case

We will use the ICD-10 to define cancer and we will only
consider incident cases. We will select the most preva-
lent types of cancer with published evidence of associa-
tion with MS such as colon (ICD-10 code: C18), rectum
(ICD-10 code: C20), prostate (ICD-10 code: C61), liver
(ICD-10 code: C22), bladder (ICD-10 code: C67), endo-
metrium (ICD-10 code: Cb4), pancreas (ICD-10 code:
C25) and breast (ICD-10 code: Cb50). Although few
published data are available, we will also include lung
cancer (ICD-10 code: C34) and kidney cancer (ICD-10
code: C64) because of their high prevalence. Finally,
we will include types of cancer for which little evidence
available, which might also be associated with MS such
as thyroid cancer (ICD-10 code: C73), Hodgkin disease
(ICD-10 code: C81), non-Hodgkin lymphoma (ICD-10
code: C82-85) and leukaemias (ICD-10 code: C91-95).

Other covariables

We will retrieve the following variables from the SIDIAP:
sex; age; the MEDEA index ("Mortalidad en dreas
pequenas Espanolas y Desigualdades Socioecondémicas
y Ambientales": a deprivation index for urban census
sectors thatidentifies the areas with the most unfavourable
socioeconomic conditions, categorised in quintiles)®;
smoking (non-smoker, smoker and ex-smoker); alcohol
consumption calculated in standard units (the categories
are determined by an alcohol calculator incorporated
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Table 1 Study variables from the SIDIAP database in Catalonia, 2006-2017

Variables

Period

Main variable
(independent)

Metabolic syndrome.
fasting glucose.
Dependent variable

Covariables

Components: HBP, waist circumference, BMI, HDL, TG and

Incident cancers: ICD-10 codes and location.

Sex, age, the MEDEA index, smoking status, alcohol
consumption, physical activity, drugs, urban/rural setting,

First diagnosis 2006-2017.

First diagnosis 2006-2017 of 0, 1, 2MS
components and no diagnosis of 3SMS
components.

Incident cancer 2008-2017 (at least
2years of exposure).

Collected 2 years before cancer
diagnosis

number of visits to the GP, number of pregnancies, age at

menarche and menopause.

MEDEA index: deprivation index for urban census sectors that identifies the areas with the most unfavourable socioeconomic conditions.
BMI, body mass index; GP, general practitioner; HDL, high-density lipoprotein; HPB, high blood pressure; ICD-10, International Statistical
Classification of Diseases and Related Health Problems, version 10; MS, metabolic syndrome; SIDIAP, Information System for the

Development of Research in Primary Care; TG, triglycerides.

into the electronic clinical record) (no alcohol, low,
moderate and high consumption); physical activity
(none, low, moderate and high); use of drugs (ATC classi-
fication system (Anatomical Therapeutic Chemical Classi-
fication) and information collected from drugs dispensed
in pharmacies); area (rural and urban); number of visits
to the primary healthcare centre; number of pregnancies;
age at menarche; and menopause (yes/no) and its date.
These data will be collected at least two years before the
diagnosis of cancer.

A summary of the variables collected from SIDIAP is
presented in table 1.

Statistical analysis

Descriptive statistics will be used for each variable to iden-
tify asymmetric distributions. The continuous variables
will be analysed as mean (SD) or median (25th and 75th
centiles) based on the normality/non-normality of the
distribution, and categorical variables will be described as
percentages. To evaluate baseline differences, the appro-
priate statistics will be applied based on the type of vari-
able and their distribution (xQ, F-distribution, Student’s
t-distribution, analysis of variance, Mann-Whitney U and
Kruskal-Wallis).

For the case—control study, we will carry out a logistic
regression model adjusted for the potential confounders
described in the covariables section to analyse the risk of
MS on cancer and the risk of cancer comparing the effect
of MS versus the individual components of MS. A descrip-
tive analysis will determine the time elapsed between
exposure to MS to cancer event. Kaplan-Meier curve will
be computed by each sex and logrank, and Breslow tests
will be applied to compare curves.

The analysis will be stratified by type of cancer.

Sensitivity analysis:

1. Two measures will be necessary to consider a value of
specific factor as pathological.

2. We will conduct an analysis in those cases that waist
circumference is registered.

3. We will conduct an analysis with those patients who in
2006 have not registered any parameter and the first
registration is in 2007.

All analyses will be carried out with the statistical pack-

ages SPSS V.24 and Stata V.15.

Patient and public involvement

The study is based on real world data in which the
anonymity and confidentiality of the data are guaranteed.
Even so, although patient are not involved in the devel-
opment of study, patient involvement will be guaranteed
in the dissemination of data through different channels
of communication, adapting the results of the study
to citizen participation and adapting it to the natural
language of citizens/patients. The dissemination of the
possible effects of the MS on cancer risk can be useful to
encourage citizens to reduce MS through and improve-
ment of lifestyles.

This study is not a randomised clinical trial.

DISCUSSION

This project will contribute new evidence on the associ-
ation between MS and 14 site-specific cancers in a large
database containing the electronic primary care records
of approximately 6million people in Catalonia during
the 2006-2017 period.

Recent studies have suggested that MS might be a risk
factor for different cancer sites. However, to date, the
role of MS in cancer development is still uncertain. The
possible link between MS and cancer has been scarcely
studied in our setting.

MS can be modulated by adopting healthy lifestyles
that reduce obesity, cholesterol and blood pressure. Since
cancer is one of the main causes of mortality worldwide,
the possible association with MS could have a significant
clinical and financial impact on health services. If the
results of the study show that there is a statistically signif-
icant association, these results will be added to existing
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recommendations on cancer, the risk of MS as a whole
rather than only the risk originating from individual MS
components. The training of primary care physicians and
nurses will be enhanced by the results of this study, specif-
ically with regard to cancer risk factors and the reduction
of MS by means of healthy lifestyles.

We foresee the following potential limitations in this
study: the possible underestimation of the prevalence of
some diseases and a left truncation, that is, the onset of
some diseases and risk factors will remain unknown since
the database starts in 2005, when in reality the diagnosis
of MS or some of its components might precede this date.
In addition, we need to take into account the possible
under-recording and quality of variables in the primary
care setting and the lack of data on diet, a lifestyle item
that can affect MS components and cancer risk. Data
on cancer diagnoses in the SIDIAP database have been
shown to be reliable, as shown in preliminary results from
a validation study performed in collaboration with two
populations’ cancer registries in Catalonia (results still
not published). Another possible limitation is the diffi-
culty in obtaining adequate controls. The design of the
study with paired controls selected from the SIDIAP mini-
mises this potential bias.
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