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GLOSARIO

DM2: Diabetes mellitus tipo 2.

EP: Enfermedad de Parkinson.

MG: Metabolismo de la glucosa.

EA: Enfermedad de Alzheimer.

MDS: Movement Disorders Society
SNpc: Sustancia nigra pars compacta.
aS: a-sinucleina.

RI: Resistencia a la insulina.

IMC: indice de masa corporal.
HbA1lc: Hemoglobina glicada.

LCR: Liquido cefalorraquideo.

EDI: enzima degradante de la insulina.

HOMA-IR: modelo homeostatico de evaluaciéon de la resistencia a la
insulina.

ARNm: Acido ribonucleico mensajero.

OR: Odds ratio.

IC: Intervalo de confianza.

HR: Hazard ratio.

RR: Riesgo relativo

UPDRS: Unified Parkinson’s Disease Rating Scale

GLP-1: Glucagon like-peptide 1
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PRESENTACION

Esta Tesis Doctoral se presenta en formato de compendio de articulos que
corresponden a la misma unidad tematica: la relacién entre alteraciones
del metabolismo de la glucosa y la enfermedad de Parkinson, tanto de
forma molecular como epidemioldgica.

En esta tesis se plantean tres objetivos principales que se desarrollan en
dos articulos cientificos originales. El primer y el segundo objetivo de Ia
tesis son determinar la presencia de alteraciones sanguineas del
metabolismo de la glucosa en la enfermedad de Parkinson y establecer la
relacion de éstas con los sintomas motores y no-motores de la
enfermedad. Los dos primeros objetivos se abordan en el articulo 1:
Peripheral insulin and amylin levels in Parkinson's disease.

Articulo 1: Sdnchez-Géomez A, Alcarraz-Vizan G, Ferndndez M, Fernandez-
Santiago R, Ezquerra M, Cdmara A, Serrano M, Novials A, Munoz E,
Valldeoriola F, Compta Y, Marti MJ. Peripheral insulin and amylin levels in
Parkinson's disease. Parkinsonism Relat Disord. 2020 Aug 25;79:91-96. JCR
Factor de Impacto 2020: 4.891. JCR Clasificacion en la categoria de
“Clinical Neurology”: 51/208 (Q1).

El tercer objetivo de la tesis es determinar el riesgo relativo de desarrollo
de enfermedad de Parkinson en relacién a la presencia o ausencia de
diabetes mellitus tipo 2 y/o prediabetes. El tercer objetivo se aborda en el
articulo 2: Prediabetes, type 2 diabetes mellitus and risk of Parkinson’s
disease: A population-based cohort study.

Articulo 2: Sanchez-Gémez A, Diaz Y, Duarte-Salles T, Compta Y, Marti MJ.
Prediabetes, type 2 diabetes mellitus and risk of Parkinson's disease: A
population-based cohort study. Parkinsonism Relat Disord. 2021 Jun
8;89:22-27. JCR Factor de Impacto 2020: 4.891. JCR Clasificacién en la
categoria de “Clinical Neurology”: 51/208 (Q1).
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RESUMEN

Se considera que puede existir un vinculo entre la diabetes mellitus tipo 2
(DM2) y la enfermedad de Parkinson (EP) sustentado en la presencia de
vias fisiopatoldgicas comunes en ambas entidades.

No obstante, los estudios de las alteraciones del metabolismo de la
glucosa (MG) no han sido concluyentes en cuanto a la presencia de niveles
de glucemia mas elevados en la EP, asi como en la asociacién entre mayor
resistencia a la insulina y mayor afectacion motora y cognitiva. Diversos
estudios epidemioldgicos retrospectivos de cohortes realizados los ultimos
afos, han sugerido que la presencia de DM2 conlleva un mayor riesgo de
desarrollo de EP. Sin embargo, los estudios epidemiolégicos de casos vy
controles han sido inconsistentes en cuanto a esta asociacion.

Esta tesis doctoral pretende profundizar en el conocimiento tanto de las
alteraciones del MG en los pacientes con EP y su relacion con la afectacion
motora y no-motora de la enfermedad, como en el papel de la DM2 vy
prediabetes como factores de riesgo para la EP.

Nos hemos planteado las siguientes hipodtesis: 1) los pacientes con EP
presentan mas alteraciones del MG que los sujetos controles sanos, 2) las
alteraciones del MG se asocian a mayor afectacién motora y no-motora
(especialmente cognitiva) en los pacientes con EP y 3) la presencia no sélo
de DM2 sino también de prediabetes comporta un mayor riesgo de
desarrollo de la EP.

En consecuencia, los principales objetivos de esta tesis son: 1) determinar
la presencia de alteraciones en sangre del MG en la EP, 2) establecer la
relacion de éstas con sintomas motores y no-motores y 3) estimar el
riesgo relativo de desarrollo de EP en relacidon a la presencia o ausencia no
solo de DM2, sino también de prediabetes.

El primer y el segundo objetivo se han abordado en un estudio de una
cohorte de pacientes con EP y un grupo control evaluados mediante
escalas motoras, no-motoras y cognitivas y la determinacion de niveles en
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sangre y en condiciones de ayuno, de glucemia, insulina, hemoglobina
glicada y amilina (proteina de depdsito amiloide pancreatica en la DM2).
Al comparar a ambos grupos se han observado niveles significativamente
mas bajos de insulina en los pacientes con EP que en los controles, siendo
los niveles de amilina significativamente mas elevados en los sujetos con
EP vs. el grupo control al limitar el analisis al subgrupo con edad superior a
la mediana de la cohorte. Por otra parte, la ratio amilina/insulina también
ha sido significativamente mas alta en los pacientes con EP vs. sujetos
control. Por ultimo, se ha observado una modesta pero significativa
correlacidén entre mayor resistencia a la insulina y mayor puntuacion en la
escala de sintomas no motores de la EP.

El tercer objetivo se ha evaluado en un estudio epidemioldgico
retrospectivo de cohorte en sujetos con DM2 vy prediabetes. Al
compararlos con la poblacién control se ha observado un mayor riesgo de
desarrollo posterior de EP no sélo en DM2 sino también en prediabetes,
con predominio de esta asociacion entre mujeres y personas menores de
65 anos.

Estos estudios profundizan y aportan nuevos datos de las diferentes
alteraciones del MG en la EP, asi como del riesgo que la DM2 comporta en
su desarrollo.
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ABSTRACT

A link between type 2 diabetes mellitus (T2D) and Parkinson’s disease (PD)
is considered based on the presence of common pathophysiological
pathways in both conditions.

However, to date studies on impaired glucose metabolism (GM) in PD
have been inconclusive, both in terms of higher glucose blood levels in PD
patients vs. controls, and of the association of the insulin resistance with
greater motor and cognitive impairment. Moreover, a series of
retrospective epidemiological cohort studies published in the last years
have observed that T2D carries an increased risk of subsequent PD.
Nevertheless, epidemiological case-control studies have vyielded
contradictory results.

This thesis aims to take further our knowledge of both GM alterations in
PD patients and their relationship with motor and non-motor involvement
of the disease, as well as the role of T2D as a risk factor for PD.

We hypothesized that 1) PD patients present more GM alterations than
healthy control subjects, 2) GM alterations are associated with greater
motor and non-motor (especially cognitive) involvement in PD patients
and 3) the presence not only of T2D but also prediabetes implies a higher
risk of PD development.

Accordingly, the main objectives of this thesis are: First, to determine the
presence of blood disorders of GM in PD and, second, to establish the
relationship of these with the motor and non-motor symptoms of the
disease; third and final, to determine the relative risk of developing PD
associated not only with T2D, but also with prediabetes.

The first and second objectives were addressed in the first study. A cohort
of PD patients and a control group with motor, non-motor and cognitive
scales were evaluated, and a fasting blood sample was performed to
estimate glycemia, insulin, glycated hemoglobin and amylin (the T2D
amyloid deposit protein in pancreas). Insulin levels were significantly
lower in PD vs. controls, whereas amylin levels were significantly higher in

10
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PD in analysis stratified for age greater than the cohort median. The
amylin to insulin ratio was also significantly higher in PD vs. controls.
Finally, greater insulin resistance modestly but significantly correlated
with the scores of the non-motor symptoms in PD.

The third objective was evaluated in the second study. In this, a
retrospective epidemiological cohort study of patients with T2D and
another subgroup with prediabetes was carried out and compared with a
control group to determine the relative risks of both metabolic conditions
in the subsequent PD development. We observed a greater hazard of
subsequent PD not only in T2D but also in prediabetes, with this
association predominating in women and people under 65 years of age.

These studies delve into and provide new data on the different alterations
of GM in PD as well as the risk that T2D carries in its development.

M
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11 ENFERMEDAD DE PARKINSON: EPDEMOLOGIA, DEFNICION Y
DIAGNOSTICO, NEUROPATOLOGIA ¥ FACTORES DE RESGO
ASOCIADOS.

La enfermedad de Parkinson (EP) es la segunda enfermedad
neurodegenerativa mds frecuente, uUnicamente precedida por la
enfermedad de Alzheimer (EA), y es a su vez la enfermedad neuroldgica
gue mayor crecimiento ha experimentado en cuanto a prevalencia,
discapacidad y fallecimientos [1,2]. En Espana y Europa se estima una
prevalencia de entre 1.5-2% en mayores de 65 afios y hasta un 3% en
mayores de 80 anos. Ademas, la incidencia en Espafia se calculd de hasta
187 casos por cada 100.000 personas-afio entre 65 y 85 afios [3]. Se
espera que duplique su prevalencia en el afio 2030 respecto al 2010,
debido fundamentalmente al envejecimiento de la poblacién y al aumento
en la esperanza de vida [4].

La EP es una enfermedad neurodegenerativa que produce un deterioro
funcional progresivo y que se caracteriza clinicamente por la presencia de
parkinsonismo. Ademas de los sintomas motores cldsicos, la EP también
puede presentar un amplio conjunto de sintomas no-motores. Algunos
pueden llegar a preceder el diagndstico de la enfermedad incluso en mas
de 15-20 afios [5,6], y por lo tanto, se consideran sintomas prodrémicos
dela EP [6,7].

El diagndstico de la EP continla siendo clinico debido a la ausencia de
biomarcadores. Los ultimos criterios diagndésticos consensuados por la
Movement Disorders Society (MDS) en 2015 [8], establecen el diagndstico
en base a la presencia de parkinsonismo (definido por bradicinesia y su
combinacién con temblor de reposo y/o rigidez) e incluyen criterios de
soporte tanto clinicos como paraclinicos. Ademas, se describen signos de
alarma y criterios de exclusion para el diagndstico.

La caracteristica neuropatoldgica principal de la EP es la degeneracién en
nucleos del tronco cerebral, destacando la pérdida de neuronas
dopaminérgicas en la sustancia nigra pars compacta (SNpc). También es
una caracteristica cardinal de la EP idiopatica la presencia de depdsitos de

3
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a-sinucleina (aS). Alteraciones en el pliegue de esta proteina le confiere
insolubilidad, facilitando su acumulo, siendo el principal componente de
los cuerpos de Lewy [9]. La patologia Lewy no sdlo se encuentra a nivel
cerebral, sino también en el sistema nervioso periférico, como el plexo
cardiaco y la inervacion de las glandulas salivales entre otros [10,11].

Se han identificado multiples factores asociados a mayor riesgo (edad e
historia familiar de EP, entre otros) y otros relacionados con menor
incidencia (como son por ejemplo el consumo de tabaco, alcohol y café)
de desarrollo ulterior de EP [6, 12]. Existen, ademas, diversos factores de
riesgo genéticos asociados al desarrollo de la EP [13-15].

Por lo tanto, se consideran como base de la patogenia de la EP la
interaccion de los factores ambientales y genéticos. La importancia de
establecer y conocer todos estos factores implicados radica en Ia
identificacion temprana de los sujetos que puedan estar en riesgo de
desarrollar la enfermedad, y que se encuentren por lo tanto en fases
prodromicas y/o premotoras de la EP [7, 16-18] en vista a posibles
tratamientos modificadores del curso de la enfermedad.

En este sentido, otro de los factores de riesgo mas estudiado en los
ultimos anos por su posible relacién con la EP es la diabetes mellitus tipo 2
(DM2) [19, 20].

14
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12 ASOCIACIONES BIOQUMICAS ENTRE LA ENFERMEDAD DE
PARKINSON > LA DIABETES MELLITUS TIPO 2.

Diferentes mecanismos fisiopatoldgicos se han relacionado tanto a la EP
como a la DM2. Entre ellos, destacan el depdsito de proteinas amiloides,
la resistencia a la insulina (RI), la disfuncién mitocondrial, la inflamacién
cronica y el estrés oxidativo. El conocimiento de estas vias compartidas ha
generado un incremento importante en el estudio de la relacién
epidemioldgica y fisiopatoldgica de la EP y la DM2 en los ultimos afos.

121 DM2, EP ¥ LA HIPOTESIS AMILODDE.

La DM2 es una enfermedad poligénica y con una importante agregacion
familiar que ocurre por la disfuncién de las células B pancreaticas. Esta
alteracién funcional pancreatica comporta una deficiencia relativa en Ia
secrecion de la insulina y una resistencia a ésta en los drganos diana. Se
considera que inicialmente se produce la Rl y, como mecanismo
compensatorio, se produce un estado de hiperinsulinemia para
contrarrestar la situacion de Rl en los tejidos periféricos. La situacion de
diabetes (hiperglucemia) se manifiesta cuando la hiperinsulinemia
compensadora es insuficiente, apareciendo entonces el déficit relativo de
insulina [21]. Los factores de riesgo mas destacados para su desarrollo son
la edad, la obesidad y el sedentarismo, aunque también se han descrito
otros como el tabaco [22].

Por otra parte, la prediabetes es un factor de riesgo conocido para el
desarrollo de la DM2 [23]. Tanto la prediabetes como la DM2 se asocian
con un aumento del indice de masa corporal (IMC), con la Rl y con la
disfuncion de las células R pancredticas y su consiguiente disminucion de
la secrecion de insulina [24]. La prediabetes estd definida como el estado
glucémico en el que los niveles de glucosa en sangre presentan niveles
anormalmente elevados pero que aun no cumplen los criterios
diagnodsticos de diabetes.

15
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El diagndstico de la prediabetes se realiza mediante la presencia de unos
valores de glucemia plasmatica en ayunas entre 100 y 125 mg/dl, o bien
con una hemoglobina glicada (HbA1lc) entre 5.7% y 6.4% [25]. En el caso
de la diabetes el diagndstico es mediante la medicidn de la glucemia
plasmatica en ayunas > 126mg/dL, > 200mg/dL en cualquier momento y/o
HbAlc > 6.5%. También se pueden diagnosticar tanto la diabetes como la
prediabetes mediante el test de tolerancia oral a la glucosa, pero su uso
estd mucho menos extendido en la practica clinica habitual.

En 2019 se estimd que 463 millones de personas tenian diabetes (59
millones en Europa), siendo el 90% aproximadamente DM2. La estimacion
de la prevalencia de la diabetes es de 1 de cada 11 adultos entre 20-79
afos, lo que comporta un 9% de poblacidon diabética aproximadamente.
En mayores de 65 anos esta estimacion es de hasta 1 de cada 5 adultos,
siendo un 20% de prevalencia en esta franja de edad. Se calcula que en el
afo 2045 puedan llegar a ser 700 millones de diabéticos [26].

En sujetos con DM2 se produce un depdsito de amiloide en el pancreas,
principalmente debido a la agregacion de amilina o polipéptido amiloide
de los islotes-IAPP (por sus siglas en inglés) [27,28]. La amilina es una
hormona peptidica de 37 residuos co-secretada con la insulina en las
células B pancredticas. Ambas hormonas comparten funciones en Ia
regulaciéon de los niveles de glucosa en sangre. La amilina se ha implicado
en diversas funciones, entre ellas la inhibicién de la secrecion de insulina
[29, 30]. Se cree que los agregados de amilina conducen a una disfuncién
de las células B y promueven la progresion de la diabetes [27,28].

Se ha relacionado a la DM2 con diversas enfermedades
neurodegenerativas [31].

En primer lugar, diferentes estudios han demostrado una asociacién entre
la amilina y la EA. Un estudio experimental con animales ha observado
qgue la amilina puede desempefar un papel en la eliminacién de los
péptidos B-amiloides en cerebros con EA [32]. Por otra parte, hay
evidencia patoldgica de depdsito de amilina agregada en el cerebro de
pacientes con EA [31]. Ademas, se ha observado una interaccion entre la
amilina y las proteinas tau y B-amiloide tanto en el hipocampo como en

6
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las células B pancreaticas [33]. En un estudio longitudinal, una
concentracion elevada de amilina plasmatica se asocid con el riesgo de EA
[34]. Sin embargo, los niveles de amilina en el liquido cefalorraquideo
(LCR) y en plasma no han diferido entre la EA y los controles [35].

En relacion a la EP, como hemos comentado previamente, una de las
caracteristicas  patolégicas mas destacadas ademds de |Ia
neurodegeneracion, es la presencia de los cuerpos y las neuritas de Lewy,
compuestos por agregados amiloides de aS mal plegada entre otras
proteinas [36].

En cuanto al vinculo de la amilina con la EP, un estudio in vitro ha
demostrado que la presencia de amilina acelera la formacion de amiloide
de aS, pero no a la inversa, lo que sugiere un vinculo unidireccional con
una influencia de la DM2 sobre la EP [27]. Adem3s, un estudio patoldgico
encontré depdsitos de aS fosforilada en células B pancredticas de sujetos
con un diagnéstico neuropatoldgico de a-sinucleinopatia, y también
reveld una interaccidn directa entre la amilina y la aS [37].

Un aspecto no explorado hasta la fecha son los niveles de amilina
plasmatica en la EP.

Por otra parte, se ha demostrado que la enzima degradante de la insulina
(EDI), que es una endopeptidasa que degrada la insulina y las proteinas
amiloidogénicas en el pancreas y que a su vez esta regulada por la propia
insulina, interactua con el dcido C-terminal de la aS [38]. Esta interaccion,
in vitro, se ha asociado a la inhibicidon de la aS, previniendo la formacidon de
fibrillas de amiloide de aS [39].

17
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12.2 INSULINA: VIAS DE SENALIZACION A NIVEL CEREBRAL Y
RESISTENCIA A LA INSULINA EN LA EP.

La insulina es una hormona de secrecidon principalmente periférica que
regula la homeostasis de la glucosa estimulando su captacién en el tejido
muscular y adiposo. Ademas, inhibe la produccion hepatica de glucosa. Las
funciones de la insulina a nivel cerebral son diversas, presentando un
efecto homeostatico al mantener las funciones fisioldgicas cerebrales.

La mayor parte de insulina a nivel cerebral proviene de su produccion en
las células B pancreaticas, atravesando la barrera hematoencefalica [40,
41]. No obstante, también hay produccién de insulina a nivel cerebral,
principalmente en neuronas piramidales del cdrtex, hipocampo y bulbo
olfatorio [42].

Existen multiples vias implicadas en la sefializacion de la insulina en el
cerebro. Debido al importante papel que estas desempefian en Ia
neuroproteccion, las describimos brevemente a continuacién y con el
soporte esquematizado de la figura 1 (figura de J.L.Y. Cheong et al. / The
association Between T2DM and PD [43]). En esta figura se representan las
principales vias de sefializacion de la insulina a nivel cerebral, como son la
via MAPK, involucrada en el mantenimiento y crecimiento celular y la
plasticidad sinaptica; la via de mTOR que contribuye a la regulacion del
metabolismo celular y la regeneracion sindptica en las neuronas; la via
PI3K/Akt, implicada en la inhibicién de la apoptosis, que ademas da como
resultado varios efectos posteriores, incluida la inactivacion de la via
GSK3B, que se encuentra involucrada en la inactivacion del EDI
conduciendo a un aumento en la expresidon de la aS y su agregaciéon en
fibras amiloides; asi como otras vias como NFkB y FOXO1 que implican la
inhibicién de vias pro-inflamatorias y de mantenimiento en la funcién
mitocondrial e implicaciones antioxidantes respectivamente.
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FIGURA 1. VIAS IMPLICADAS EN LA SENALIZACION DE LA INSULINA A NIVEL CEREBRAL.
FIGURA DE J.L.Y CHEING ET AL 2020. THE ASSOCIATION BETWEEN TYPE 2 DIABETES
MELLITUS AND PARKINSON'S DISEASE. 2020 [43].

Insulin

Calcium channel GABA receptor
activation recruitment

Por otra parte, la Rl sistémica y cerebral es la respuesta alterada
(disminuida) a la insulina en las células de los tejidos periféricos o en el
cerebro respectivamente [41].

La Rl periférica se puede medir mediante la ecuacién del modelo
homeostatico de evaluaciéon de la RI (HOMA-IR, por sus siglas en inglés)
[44]. El calculo se realiza con la divisidon entre glucemia multiplicado por
insulinemia y dividido por un factor de conversién (405 en el caso de
presentar las unidades de glucemia en mg/dL y la insulinemia en mU
internacionales por litro); glucosa x insulina / 405.

Debido a que la mayor parte de la insulina cerebral proviene de la
produccién pancredtica, la Rl periférica se asocia a la presencia de RI
central [45]. La Rl central por su parte, puede ser una causa o una
consecuencia de la neurodegeneracion [41].

En estudios previos al uso generalizado de los criterios diagndsticos
estrictos de la EP, se llegd a estimar que entre un 50-80% de pacientes con
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EP presentaban una intolerancia oral a la glucosa [46]. Estudios mas
recientes objetivaron como la Rl periférica medida por HOMA-IR se
encontraba alterada en sujetos con EP, pero con una correlaciéon
significativa con el sobrepeso y la obesidad. A pesar de ello, se estimd una
prevalencia de intolerancia oral a la glucosa en pacientes con EP del 58.4%
[47].

Mayores niveles de HOMA-IR se observaron en sujetos tanto con EP como
con EA respecto a sujetos controles y éstos se correlacionaron con
menores niveles de volumen de sustancia gris en la EA, pero no en la EP
[48].

El envejecimiento se asocia a una disminucion de la sensibilidad de los
receptores de la insulina a nivel periférico y a menores niveles de acido
ribonucleico mensajero (ARNm) de los receptores de insulina en diversas
areas cerebrales [40, 47, 49]. En esta linea, se ha objetivado una pérdida
de ARNm del receptor de la insulina en la SNpc de pacientes con EP en
comparacion a controles sanos apareados por edad [50].

También se ha observado una menor expresion de la insulina y de IGF-1
(insulin like growth factor-1) en la sustancia blanca frontal y en la amigdala
de sujetos con EP y demencia por cuerpos de Lewy post-mortem. Estos
hallazgos se asociaron, a su vez, con mayores niveles de aS y ubiquitina,
entre otros [51].

Un estudio patoldgico recientemente publicado ha aportado nueva
evidencia sobre la Rl central en la EP [52]. Los autores han observado
mayor intensidad por inmunofluorescencia de sustrato receptor de
insulina tipo 1 fosforilado en los residuos de serina (marcador de Rl) en las
neuronas dopaminérgicas en la SNpc de sujetos con EP. Ademas, se ha
observado una importante co-localizacion en los cuerpos de Lewy.
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123 NIVELES PLASMATICOS DEL METABOLISMO DE LA
GLUCOSA EN LA EP.

Los trabajos que han analizado distintas moléculas relacionadas con el
metabolismo de la glucosa han evaluado tanto las posibles diferencias en
los niveles de estas moléculas entre sujetos con EP vs. controles sanos
como su correlacion con la afectacion motora y no-motora en la
enfermedad.

En primer lugar, los niveles plasmaticos de glucosa han sido evaluados
directa e indirectamente en algunos trabajos, obteniéndose resultados
heterogéneos.

Un trabajo valord sujetos con EP (con vy sin deterioro cognitivo leve) y sin
tratamiento dopaminérgico. Al compararlos con el grupo control se
objetivaron niveles de glucemia en ayunas significativamente mas
elevados en los pacientes con EP. De hecho, tanto el grupo completo de
EP como principalmente el subgrupo de EP con deterioro cognitivo,
presentaron niveles >100mg/dL [53], definitorios de estado prediabético
segun los criterios diagndsticos de la asociaciéon americana de diabetes
[25].

Por otro lado, un estudio longitudinal de sujetos con EP de reciente
diagndéstico no observé diferencias en los niveles de glucosa o HbAlc
entre el grupo de sujetos con EP y un grupo de controles sanos a los
cuatro afios del seguimiento. Los pacientes con EP tampoco presentaron
una diferencia en la incidencia de DM2 ni en el IMC. No obstante, una vez
excluidos aquellos pacientes con DM2 de ambas cohortes, los niveles de
glucemia en ayunas resultaron predictores a los cuatro afios de deterioro
cognitivo asociado a la EP, pero no de progresion motora [54].

Recientemente se han evaluado los niveles de glucosa plasmaticos en
ayunas en una gran cohorte de sujetos con EP. El subgrupo de pacientes
con EP menores de 65 afios con mayor variabilidad de los niveles de
glucosa plasmatica en ayunas, mostraba un riesgo progresivamente
creciente de presentar EP cuanto mayor era esta variabilidad. Los autores
sugirieren que dicha variabilidad glucémica podia ser un factor de riesgo
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para el desarrollo posterior de EP en sujetos mas jovenes (menores de 65
afnos). Estos resultados no se reprodujeron en los sujetos mayores de 65
afos [55].

Otro estudio analizé la cinética de los niveles de glucosa y de insulina en
sangre durante un test de tolerancia oral a la glucosa en sujetos con EP y
controles apareados por edad, sexo e IMC [56]. Los niveles basales en
sangre tanto de glucosa como de insulina no presentaron diferencias
entre los grupos. Sin embargo, observaron que los niveles de glucosa a los
90 y 150 minutos eran significativamente mayores en el grupo de los
sujetos con EP respecto a los controles. De la misma forma, fue
significativamente mayor en los sujetos con EP el drea total bajo la curva
para las concentraciones de glucosa durante el tiempo analizado (180
minutos). En cambio, los sujetos con EP no presentaron el aumento
consecuentemente esperado de los niveles de insulina durante el test de
tolerancia a la glucosa. No se detectaron diferencias en los niveles de
insulina en los diferentes tiempos analizados ni en su area total bajo la
curva. Por este motivo, los autores concluyeron que las alteraciones que
observaron en los niveles de glucosa podrian estar relacionadas con un
déficit en la secrecion de la insulina.

Diversos trabajos han evaluado la insulina y la resistencia a la misma en
pacientes con EP. Como hemos comentado previamente, un estudio
determind el indice de Rl a través del cdlculo del HOMA-IR, hallandolo
alterado en sujetos con EP. Pese a que en este trabajo la Rl estaba
relacionada a la obesidad y al sobrepeso, el porcentaje de Rl en pacientes
con EP e IMC normal también fue muy elevado (41%) [47].

En un estudio exploratorio con pacientes con EP de novo y sin tratamiento
dopaminérgico y controles emparejados por edad, sexo, grasa y masa
corporal magra, se evalud la eliminaciéon de glucosa corporal tras la
estimulacion con insulina [57]. Este método es uno de los mas especificos
para la determinacién de la Rl. Pese a detectar un indice de resistencia
hepdtica a la insulina discretamente mayor en los sujetos con EP, no se
obtuvieron diferencias respecto a la eliminacién de glucosa corporal entre
el grupo de pacientes con EP y los sujetos control.
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Estos resultados tan heterogéneos ponen de manifiesto que aun queda
por avanzar en el conocimiento de la asociacidon bioquimica entre ambas
enfermedades.
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124 OTROS MECANISMOS IMPLICADOS

1241 Inflamacion cronica y activacion de la microglia

La inflamacién es otro de los mecanismos que se ha asociado tanto
a la DM2 como a la EP. En lo relativo a la EP, la activacion de la
microglia, mediante la liberacion de citoquinas proinflamatorias, es
uno de los mecanismos relacionados con la neuroinflamacion [43,
58]. Un estudio preliminar con imagen PET (tomografia por emision
de positrones) con trazador [11C]-PK11195, un ligando periférico
del receptor de benzodiacepinas, observé que los sujetos con EP
presentaban mayores potenciales de unidn para el marcador de
activacion de la microglia tanto en el putamen como en el
mesencéfalo respecto a los controles. Ademds, los niveles de
captacion fueron también mayores en los sujetos con una EP mas
avanzada respecto a los sujetos con EP de mas reciente diagndstico.
Por ello, se sugirié el papel de la neuroinflamacién crénica como un
mecanismo que podria incrementar el proceso neurodegenerativo
[58].

Por otra parte, un estudio limitado a profesionales sanitarios de
sexo masculino de Estados Unidos recogié muestras sanguineas
durante una década. Posteriormente, se analizé a los 84 sujetos que
desarrollaron la EP. Se realizé un estudio comparativo con sujetos
controles sin el desarrollo de la enfermedad. En él, se analizaron
diferentes biomarcadores plasmaticos de inflamacién como la
proteina C reactiva (PCR), IL-6, receptor del TNF-a tipo 1y 2, y
fibrindgeno. Se observd como la IL-6, citoquina proinflamatoria
expresada en neuronas, astrocitos y microglia, se asociaba con
mayor riesgo de desarrollo de EP, persistiendo dicha asociacion
después de ajustar por potenciales factores de confusién [59].
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1242 Estrés oxidativo y disfuncion mitocondrial

Se considera la disfuncion mitocondrial como un punto comun
entre la EP y la DM2. Interviene en la Rl por una reduccidn de la
expresion de NRF1 y PGC1, reguladores importantes de las enzimas
implicadas en la respiracion mitocondrial. Por su parte, en la EP se
ha objetivado una deficiencia del complejo | (enzima también
implicado en la cadena respiratoria mitocondrial) en la sustancia
nigra de pacientes la enfermedad [60,61].
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13 RELACION EPDEMOLOGICA ENTRE LA DM2 Y LA EP.

En las dltimas décadas, varios estudios han evaluado si la DM2 podria ser
o no factor de riesgo para el posterior desarrollo de la EP. Estos estudios
tienen diferencias importantes en cuanto a su disefio y metodologia que
deben tenerse en cuenta a la hora de analizarlos e interpretarlos.

131 ESTUDIOS DE CASOS Y CONTROLES

Se han realizado diversos estudios de casos y controles para evaluar la
frecuencia relativa de la diabetes en la EP. Uno de los mas destacables
debido al numero de sujetos con EP incluidos (n=1.931) es el de
Schernhammer et al. [62]. En él se analizd la poblacion de Dinamarca
entre 2001 y 2006. Se considerdé a la diabetes de forma genérica,
incluyendo tanto la DM2 como la diabetes mellitus tipo 1 y otras formas
de diabetes. En este estudio, el diagndstico de diabetes se asocié a un
mayor riesgo de EP reflejado en una odds ratio (OR) de 1.36 [95%
intervalo de confianza (IC) 1.08-1.71], es decir, una frecuencia relativa
(odds) entorno a un 36% mayor de EP entre diabéticos que no diabéticos.

Otros estudios de casos y controles no sélo no han objetivado esta
asociacion, sino que, al contrario, han observado una menor prevalencia
de diabetes en la EP respecto a los controles. Un ejemplo es el estudio de
D’Amelio et al. [63], donde reclutaron 318 sujetos con EP y los
compararon con 318 controles apareados por edad y sexo. La presencia de
diabetes previa a la EP se evalué mediante cuestionarios y por revisidon de
la historia médica. Se observd una menor prevalencia de diabetes
precediendo al diagndstico de la EP.

Con el objetivo de dilucidar esta posible asociacidon (positiva o negativa)
cuestionada hasta el momento, un meta-analisis realizado en 2014 por Lu
et al. [64], englobd 14 estudios de casos y controles, incluyendo a 21.395
sujetos con EP y 84.579 controles. Los resultados mostraron una
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asociacion negativa, esto es, una prevalencia de diabetes menor en la EP
(OR 0.75; 95% Cl 0.58—0.98, p=0.03).

Estudios de casos y controles posteriores a este meta-andlisis han
mostrado datos heterogéneos: algunos de ellos no han observado ninguna
asociacion entre ambas enfermedades [65, 66], otros han observado una
asociacion positiva, con mayor prevalencia de diabetes en la EP [67] v
otros, por el contrario, han objetivado una asociaciéon negativa entre la
DM2y la EP [68].

En la tabla 1 se recogen resumidamente los resultados principales de los
estudios de casos y controles enumerados.

Por ultimo, describir un meta-analisis recientemente publicado por Komici
et al. en el que, entre otros items, analizan la prevalencia de la diabetes en
los sujetos con EP. Obtuvieron, de los 21 articulos analizados, una
prevalencia de diabetes en la EP de un 10% [69], siendo similar a la
prevalencia del 9% estimada en la poblacién general en 2019 [26].

Debido a las diferencias estimadas e influidas sustancialmente por la
heterogeneidad en la metodologia de los multiples estudios de casos y
controles, se han postulado diferentes hipdtesis para explicar Ia
inconsistencia de estos resultados descritos. Asi, Chong et al. [43], han
mostrado que los OR en los estudios de casos y controles son mas
elevados (asociacion positiva) a mayor edad media de los sujetos, vy
valores de OR menores a 1 (asociacidon negativa) en sujetos mas jovenes.
Hipotetizan que el riesgo de la EP puede aumentar a mayor tiempo de
exposicidon a la DM2 y destacan que, asi como la DM2 suele presentarse a
mediana edad y la EP generalmente en edades mds avanzadas, puede
deberse a la presencia de un sesgo de supervivencia (mayor mortalidad de
los sujetos con DM2) y que estos sujetos con DM2 no alcancen a
desarrollar la EP. Afladen también, que la relacion negativa observada en
algunos estudios con sujetos mas jovenes sea debido a la baja incidencia
de la EP en edad mads temprana.

Esto, sumado a una heterogeneidad metodoldgica, donde ya inicialmente
no se realiza una diferenciacion de los subtipos de diabetes, las diferencias
en la recogida de datos mediante cuestionarios vs registros, diferentes
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poblaciones y diferentes criterios diagndsticos de la EP entre otros,
contribuyen a aumentar el riesgo de sesgos en las estimaciones del efecto.
Ello conlleva que nuevos disefos orientados a evitar estos sesgos son
necesarios para acabar de dilucidar la asociacion epidemiolégica entre la
DM2 vy la EP en la modalidad de estudios de casos y controles.
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13.2 ESTUDIOS PROSPECTIVOS.

En los ultimos quince afos se han publicado diversos estudios
prospectivos de cohortes evaluando si la DM2 supone un aumento de
riesgo para el desarrollo de la EP. Inicialmente, los resultados también
fueron contradictorios.

Uno de los primeros estudios con este disefio en realizarse fue el de Hu et
al. en 2007 [70]. En él partieron de sujetos con DM2 y sujetos controles sin
DM2 y realizaron un seguimiento promedio de 18 afios. Un total de 633
sujetos desarrollé la EP, siendo el cociente de riesgo (HR, del inglés hazard
ratio) mayor en el grupo de los sujetos con DM2 (HR 1.83, IC 95% [1.21-
2.76]). Por lo tanto, en este estudio la DM2 se asocid a un mayor riesgo de
desarrollo posterior de EP.

Posteriormente se publicaron diversos estudios prospectivos en los que se
observaron datos contradictorios: en algunos de ellos el riesgo de EP no se
asocié a la presencia previa de diabetes [71,73] mientras que en otros la
diabetes si supuso un aumento de riesgo de desarrollo posterior de EP
[72, 74, 75].

Debido nuevamente a la presencia de estos resultados opuestos, en 2016
se realizd un meta-andlisis de estudios prospectivos que evalud el riesgo
de EP en presencia de diabetes [76]. En este meta-andlisis se incluyeron
todos los estudios mencionados previamente. El resultado global de este
trabajo fue un aumento del riesgo relativo (RR) de presentar EP debido a
diabetes de un 38% (RR=1.38 [95% IC: 1.18-1.62] p<0.001).

Estudios prospectivos realizados mas recientemente, como el de Yang et
al. [77] en 2017, encontraron que la diabetes aumenta el riesgo de
desarrollo de EP. En este estudio aumentd el riesgo de EP en un 19% (HR
de 1.19 [IC 95%: 1.08 a 1.32] p<0.001 en el andlisis multivariado) en la
cohorte de sujetos diagnosticados de diabetes de forma global.

En el trabajo prospectivo mas reciente en el momento de escribir esta
tesis, el estudio publicado por De Pablo-Fernandez et al. en 2018 con
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datos de 2 millones de pacientes con DM2 [78], se observé un aumento de
riesgo de EP similar (32%) (HR=1.32).

En la tabla 2 se recogen los resultados principales de los estudios
prospectivos enumerados.

Por ultimo, el meta-analisis de Komici et al. incluyé diez estudios de
cohorte con el objetivo de analizar, ademas de la prevalencia de diabetes
en la EP, el riesgo de desarrollo de EP en sujetos diabéticos. El resultado
global es similar a los articulos descritos, con un aumento de riesgo del
34% [69].

La evidencia, por lo tanto, en los estudios de disefio prospectivo es mas
consistente que en los estudios de casos y controles. Cereda et al. [79]
disefaron un meta-analisis para diferenciar el efecto del riesgo asociado
de EP en presencia de diabetes ajustando por el tipo de disefio. Los
estudios prospectivos que se incluyeron presentaron un aumento de
riesgo de EP posterior en los sujetos con diabetes, con un RR de 1.34
[1.14-1.58 p<0.001]. En cambio, no se observod una asociacion significativa
en los estudios de casos y controles (OR= 0.75 [95%Cl| 0.50-1.11]
p=0.835).
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13.3. POBLACIONES CON MAYOR RESGO

En algunos de estos estudios epidemioldgicos, tanto con diseno de casosy
controles como prospectivos, se han realizado sub-analisis para valorar el
riesgo en funcion de diferentes variables. Estas han sido principalmente el
sexo, la edad, y la duracién del diagndstico de la diabetes (o DM2) previo
al diagndstico de la EP.

A nivel epidemioldgico, en el estudio de casos y controles de
Schernhammer et al. [62] destacaba la asociacidon de la diabetes con la EP
con un OR de 1.36 de forma global, pero en el sub-analisis esta asociacion
global se asocid unicamente al sexo femenino, con un OR de 1.50 [IC 95%
1.02-2.22] mientras que en el masculino fue de 1.29 con un IC 95% de
0.97-1.72 (asociacién no estadisticamente significativa).

Si bien otros estudios prospectivos han mostrado un mayor riesgo de EP
debido a la presencia de diabetes en ambos sexos, el riesgo ha sido mayor
en el sexo femenino [69,75-78]. No obstante, en el meta-analisis de Lu et
al. [64], que mostré una asociacion inversa entre la diabetes y la EP, al
realizar la estratificacion por sexo, tampoco se observaron asociaciones
significativas entre la diabetes y la EP.

De forma opuesta, en un estudio se ha observado un mayor riesgo
vinculado al sexo masculino, pero de forma dependiente de la variable
duracién de la diabetes (a menor tiempo de evolucidon de la diabetes,
mavyor riesgo de EP entre hombres) [72].

En relacion a la edad ha habido mas controversia. Estudios prospectivos
como el de Sun et al. [75] mostraron un riesgo mayor en las franjas de
edad entre 41-60 afos para ambos sexos, y Unicamente en hombres
menores de 41 anos (perdiendo esta significacion asociada a la edad mas
joven, menores de 41 afios, en las mujeres). Estos resultados de mayor
riesgo en jovenes también se observaron en el estudio de De Pablo-
Ferndndez et al. [78]. Por contra, en el estudio taiwanés de Yang et al.
[77], el riesgo de EP era Unicamente significativo en los sujetos diabéticos
mayores de 65 anos.
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Por ultimo, en el estudio de casos y controles de Schernhammer et al. [62]
observaron como en la EP temprana (diagndstico previo a los 60 afios) la
diabetes presenté una mayor asociacién, con un OR de 2.68 [1.04-6.91])
mientras que en la EP tardia (diagnosticada a partir de los 60 afos) no
presentaba una asociacién estadisticamente significativa (OR= 1.16 [0.85-
1.57]).

Respecto a la duracion de la diabetes, disponemos de resultados mas
contradictorios. Mientras que tanto en el estudio de Xu et al. [74] como el
de De Pablo-Fernandez et al. de 2017 [66] relacionaron el aumento de
riesgo de EP posterior a la presencia de diabetes con una duracidon mayor
a los 10 anos, en el estudio de Driver et al. [72] y el meta-analisis de Yue et
al. [76] observaron totalmente lo opuesto, sélo una duracién de DM?2
menor a 10 afios se asociaba a un mayor riesgo posterior de EP.

Un estudio reciente de una cohorte coreana observé un mayor riesgo de
EP en sujetos con DM2 de mas de 5 ainos de evolucion respecto a los de
menos de 5 afios de evolucion y también respecto a sujetos con una
intolerancia oral a la glucosa. Los tres grupos presentaban asociaciones
estadisticamente significativas de aumento de riesgo de EP durante el
seguimiento [80].

Por otra parte, la relacion del mayor riesgo de EP en DM2 con afectacién
de organos diana se ha descrito en dos estudios prospectivos,
observandose resultados opuestos. Un mayor riesgo se observd en los
DM2 con afectacion de los drganos diana en el estudio de De Pablo-
Ferndndez et al. [78], mientras que en el de Driver et al. [72] el mayor
riesgo de EP era en los sujetos con DM2 sin complicaciones asociadas. En
este ultimo trabajo los autores discuten que no explican la relacidon por un
sesgo de supervivencia debido a que el seguimiento no diferia, incluso era
mavyor, en los sujetos con DM2 que desarrollaron la EP.
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134 ASOCIACIONES ENTRE LA DM2 Y LA SINTOMATOLOGIA
DE LA EP.

Estudios iniciales ya analizaron las asociaciones entre la DM2 y la EP. En
varios estudios de gran tamafio muestral con sujetos con EP, la presencia
de DM2 se asocid a una mayor afectacion, y también a una mayor
progresion de los sintomas tanto motores como cognitivos [46, 81, 82].

Un estudio posterior mostré que los pacientes con EP y DM2 tenian
sintomas motores mas graves, mds puntuaciones en la escala motora
habitualmente utilizada en la EP (UPDRS; Unified Parkinson’s Disease
Rating Scale), mas severidad en el estadiaje de Hoehn & Yahr y requerian
dosis mas altas de levodopa [83].

En la misma linea, el sindrome metabdlico (incluyendo la obesidad e
intolerancia a la glucosa) se ha asociado con aumentos del riesgo de
deterioro cognitivo en pacientes con EP [84]. También la Rl y la DM2 se
han asociado con demencia en pacientes con EP en estudios mas recientes
[85, 86], si bien en otro estudio la Rl no se correlaciond con la afectacion
motora ni no-motora (ni especificamente con la cognitiva) [47].

Pacientes con EP y DM2 han presentado ademds una relacién con el
fenotipo de inestabilidad postural y dificultad de la marcha [87, 88].

En el meta-andlisis de Komici et al. se ha evaluado de la misma forma, en
base a diez estudios analizados, el impacto de |la diabetes en la severidad y
progresion de la EP. Observaron peores puntuaciones en los estadios de
Hoehn y Yahr y mayores puntuaciones de UPDRS, asi como peor funcién
cognitiva [69].

Diversos estudios, por lo tanto, han objetivado la asociacion entre la DM?2
con una mayor afectacidon o progresion, tanto motora como cognitiva en
la EP, aunque con algunas inconsistencias en la literatura publicada hasta
el momento.
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14 FARMACOS ANTDIABETICOS EN LA EP.

Debido a las asociaciones positivas descritas entre la DM2 y la EP, otro
enfoque ha sido evaluar el impacto de los farmacos antidiabéticos en la
EP.

Diferentes estudios han analizado el efecto de los antidiabéticos orales en
la EP. Estudios con farmacos del grupo de las tiazolidinedionas no
mostraron un beneficio en la EP [89, 90]. Por otra parte, estudios con
metformina han mostrado resultados opuestos sobre su posible papel
neuroprotector en la EP [91, 92]. No obstante, modelos animales con EP
tratados con metformina si han sugerido un efecto neuroprotector
disminuyendo la neurodegeneracion y la agregacion de aS [93].

Diversos estudios han valorado el uso de la exenatida, un agonista de GLP-
1 (glucagon like-peptide 1) con el que se han observado discretas mejoras
motoras en pacientes con EP [94-96], principalmente aquellos con un
fenotipo tremodrico dominante [97]. Ademas, un estudio epidemiolégico
ha asociado un menor riesgo de EP con el uso de agonistas de GLP-1 vy
también con el grupo de los inhibidores de DPP4 [98].

Por ultimo, una de las hipodtesis de la asociacién bioquimica del MG y la EP
es la posible secrecion insuficiente de insulina [56], motivo por el cual se
ha sugerido que farmacos liberadores de insulina deberian considerarse
frente a los farmacos sensibilizadores de insulina.

Varios estudios con insulina intranasal en modelos animales con EP han
observado un efecto neuroprotector reduciendo la muerte celular de
neuronas dopaminérgicas y mejorando la funcion mitocondrial estriatal
[99, 100]. Ademads, el tratamiento con insulina intranasal ha sugerido
mejoras en la afectacion motora y cognitiva en pacientes con EP [101],

En resumen, diversos tratamientos antidiabéticos estan observando
resultados prometedores en la EP. Deberd corroborarse en ensayos
clinicos multicéntricos si pueden llegar a tener un papel neuroprotector o
modificador de la enfermedad y con ello promover un cambio en el
manejo de la EP, principalmente inicial e incluso prodrémica.
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HPOTESIS

1. Los pacientes con enfermedad de Parkinson presentan mas

alteraciones del metabolismo de la glucosa en ayunas y de los
niveles de amilina que los sujetos controles sanos.

Las alteraciones del metabolismo de la glucosa se asocian a mayor
afectacion motora y no-motora (especialmente cognitiva) en los
pacientes con enfermedad de Parkinson.

La presencia no sélo de diabetes mellitus tipo 2 sind también de
prediabetes comporta un mayor riesgo de desarrollo de
enfermedad de Parkinson.
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OBJETIVOS

1. Determinar indicadores del metabolismo de la glucosa y de los
niveles de amilina en sangre en pacientes con enfermedad de
Parkinson y sujetos controles.

2. Establecer la relacion de indicadores de metabolismo de la glucosa

con los sintomas motores y no-motores en la enfermedad de
Parkinson.

3. Determinar el riesgo relativo de desarrollo de enfermedad de

Parkinson en relacidn a la presencia o ausencia de diabetes mellitus
tipo 2 y/o prediabetes.
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V. MATERIAL, METODOS Y RESULTADOS
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ARTICULO 1

PERIPHERAL INSULN AND AMYLIN LEVELS IN PARKINSONS DISEASE
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Niveles periféricos de insulina v _amilina en la enfermedad de
Parkinson.

Resumen

Antecedentes: La diabetes tipo 2 (DM2) se ha postulado como un factor
de riesgo potencial para la enfermedad de Parkinson (EP) en algunos
estudios epidemioldgicos. La evidencia de alteraciones del metabolismo
de la glucosa en la EP a partir de estudios moleculares sigue siendo
controvertida. La amilina, la proteina amiloide de la DMZ2, se ha
implicado en la EP en estudios patoldgicos. Nuestro objetivo fue evaluar
los niveles periféricos de amilina e insulina en pacientes con EP y en
controles (Cs).

Métodos: Realizamos un estudio observacional transversal de 111
participantes: 73 EP y 38 Cs, similares en edad, sexo e indice de masa
corporal. A todos se les realizaron escalas motoras (UPDRS-MDS-111), no-
motoras (NMSS) y cognitivas (MDRS), asi como se determinaron cuatro
parametros: glucemia en ayunas, hemoglobina glicada, insulina
plasmadtica en ayunas (IPA) y amilina plasmdtica en ayunas (APA).

Resultados: IPA fue significativamente menor en los sujetos con EP que
en los Cs (p = 0.034). En los participantes con una edad superior a la
mediana de la cohorte, la APA fue mayor en la EP que en los C (p =
0,046). La ratio IPA/APA (RPIAA) fue significativamente mayor en los EP
que en los Cs (p=0.024). En la EP, se encontré una correlacion modesta
entre una mayor resistencia a la insulina y las puntuaciones del NMSS.

Conclusiones: Los pacientes con EP tenian un IPA mds bajo y un RPIAA
aumentado. En el subgrupo de EP de mayor edad, se incrementd la APA.

A mayores niveles de resistencia a la insulina, mayores son las
puntuaciones no-motoras. Estos hallazgos proporcionan un vinculo
adicional entre la fisiopatologia de la DM2 y la EP. Esto podria estar
relacionado con una secrecion disociada de insulina y amilina en la EP,
en linea con la evidencia reciente del papel del pdncreas endocrino en la
patogenia de la EP.
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ARTICLE INFO ABSTRACT
Keywords: Background: Type-2-diabetes (T2D) has surfaced as a potential risk factor for Parkinson’s disease (PD) in some
Parki‘“S"“vs disease epidemiological studies. Evidence of glucose metabolism alterations in PD from molecular studies remains
K‘sull‘f‘ conflicting. Amylin, the T2D amyloid protein, has been implicated in PD in pathological studies. We aimed to
mylin

assess peripheral levels of amylin and insulin in PD patients and control subjects (Cs).

Methods: We conducted an observational cross-sectional study of 111 participants: 73 PD and 38 Cs, similar in
age, sex and body mass index. All underwent motor (UPDRS-MDS-III), non-motor (NMSS) and cognitive (MDRS)
scales as well as determination of four parameters: fasting glycaemia, glycated haemoglobin, fasting plasma
insulin (FPI) and fasting plasma amylin (FPA).

Results: FPI was significantly lower in PD than Cs (p = 0.034). In participants with age above cohort-median-age,
FPA was higher in PD than Cs (p = 0.046). The FPA/FPI ratio (FPAIR) was significantly higher in PD than Cs (p
= 0.024). In PD, modest correlation was found between higher insulin-resistance and NMSS scores.
Conclusions: PD patients had lower FPI and increased FPAIR. In older PD subgroup, FPA was increased. The more
the insulin resistance, the higher the non-motor scores. These findings provide an additional link between
pathophysiology of diabetes and PD. This might be related to a dissociated insulin and amylin secretion in PD, in
line with recent evidence of endocrine pancreas role in PD pathogeny.

Glucose metabolic alterations

1. Introduction been associated with dementia in PD patients [4,5] and T2D also with

the postural instability and gait difficulty phenotype [6,7].
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Recent epidemiological evidence has identified type-2 diabetes
mellitus (T2D) as a risk factor for the subsequent development of Par-
kinson’s disease (PD) suggesting a pathophysiological association be-
tween PD and T2D [1].

Glucose metabolism (GM) and T2D associations with PD remain
controversial. Increased blood glucose levels in PD vs. controls have
been reported in some, but not all studies [2,3]. In a recent work, fasting
glucose levels in PD appeared to be predictive of cognitive impairment,
but not of motor progression [3]. Insulin resistance (IR) and T2D have

Systemic and brain IR are the impaired response to insulin in body
general tissues or in brain respectively. Systemic and brain IR appear to
be related in PD [8-10], but this association and their potential mech-
anistic relevance in PD is not well defined.

One potential rationale for the link between PD and T2D lies in their
proteinopathic nature. Hence, the pathological hallmarks of PD are
Lewy bodies and neurites, composed of amyloid aggregates of misfolded
a-synuclein (aS) among other proteins [11]. T2D presents amyloid de-
posits too, chiefly due to the aggregation of amylin (or islet amyloid
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polypeptide [IAPP]) [12,13]. Amylin is a 37-residue peptide hormone
co-secreted with insulin in pancreatic beta-cells. Both hormones share
functions in the regulation of blood-glucose levels. Amylin has been
implicated in several functions such as the inhibition of insulin secretion
[14,15]. It is believed that amylin aggregates lead to beta cell dysfunc-
tion and promote diabetes progression [12,13].

Different studies have shown an association between amylin and
Alzheimer’s disease (AD). An experimental animal study has found that
amylin may play a role in the clearance of amyloid beta peptides in AD
brain [16].There is neuropathological evidence of deposition of aggre-
gated amylin in the brain of AD patients [17] and an interaction between
amylin and tau and beta-amyloid proteins both in hippocampus and
pancreatic beta-cells was noted [17]. In plasma, very high amylin con-
centration was associated with AD risk at follow-up in a longitudinal
study [18]. However, cerebrospinal fluid (CSF) and plasma amylin levels
have not differed between AD and controls [19].

In terms of the amylin link with PD, in vitro work has shown that the
presence of amylin accelerates the formation of aS amyloid, but not in
reverse, suggesting an in vitro justification of a one-direction link with a
T2D influence over PD [12]. Moreover, a pathological study found
phosphorylated aS deposits in pancreatic beta-cells of subjects with a
neuropathological diagnosis of synucleinopathy and revealed a direct
interaction between amylin and aS too [20]. However, to the best of our
knowledge, plasma amylin levels have not been assessed in PD so far.

Accordingly, we decided to evaluate whether or not there are blood
alterations of GM in PD as a potential peripheral reflection of what
hypothetically occurs with amylin at cerebral and pancreatic level. Also,
we tried to set out their relationship with motor and non-motor symp-
toms and cognitive impairment.

2. Methods
2.1. Study design and clinical assessment

This is an observational cross-sectional single-center study con-
ducted at the Parkinson and Movement Disorders Unit of the Hospital
Clinic in Barcelona. The protocol was approved by the Clinical Research
Ethics Committee of our Hospital and all the participants signed a
written informed consent.

PD patients who met the diagnostic criteria of the Movement Dis-
orders Society (MDS) 2015 for clinically established PD [21] were
invited to take part in the study. Control subjects (Cs) were relatives of
PD subjects or patients with hemifacial spam. We recruited 73 PD
consecutive patients and 38 Cs in the movement disorders unit in their
routine visits.

In both groups, patients were subjects aged 40-80 years from Spain.
Exclusion criteria were presence of other central nervous system disor-
ders and uncertain PD diagnosis. T2D and type-1 diabetes were exclu-
sion criteria since they would make difficult the interpretation of GM
alterations.

At inclusion, socio-demographics information, disease and family
history and treatments were noted. The non-motor symptoms and
cognitive status were graded using the Non-Motor Symptom Scale
(NMSS) and Mattis Dementia Rating Scale (MDRS) respectively in both
groups. In PD patients, the motor evaluation was ranked with part III of
the MDS-UPDRS (MDS-Unified Parkinson Disease Rating Scale).

2.2. Metabolic assessment

For all participants, the body mass index was calculated. A blood
sample was collected after 8-hour fasting within 1-4 weeks of the in-
clusion visit. Blood samples were centrifuged at 1500xg for 15 min at 4°
and aliquots of 1 mL and 500 pL of serum and 500 pL of plasma were
stored. All were deep-frozen at —80 °C. We determined the concentra-
tions of four fasting parameters: glucose, glycated haemoglobin (in
fresh), fasting plasma insulin (FPI) and fasting plasma amylin (FPA). We
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calculated the HOMA-IR index (Homeostatic Model Assessment of In-
sulin Resistance) and fasting plasma amylin/insulin ratio (FPAIR) too.
HOMA-IR is a widely used method to quantify IR. Here we calculated
HOMA-IR with this equation: glucose x insulin/405 (glucose in mg/dL
and insulin in international mU per litre). Furthermore we calculated
FPAIR to have one more marker of the possible alteration in amylin
secretion relative to insulin production.

Glucose, glycated haemoglobin and insulin were analyzed at the
central laboratory of Hospital Clinic of Barcelona. Amylin was analyzed
in Diabetes and Obesity Research Laboratory of IDIBAPS by using the
Human Amylin Elisa-Kits (96-well plate assay) of Merck-Millipore
Company (Massachusetts, United States). All the samples were run in
duplicate, the average coefficient of variability was 5.9% and all of them
were under 20%. The median value was the final score of each patient in
pM. Hexoquinase bichromatic procedure was performed for blood
glucose levels in mg/dL. Glycated haemoglobin was determined by
immunoassay in % like Alc. Insulin was determined with immunoa-
nalysis in mU/L. To calculate the FPAIR we converted insulin values
from mU/L to pM.

2.3. Outcomes measures

The primary objective was to evaluate the GM profile in PD vs. Cs
group as reflected by four fasting parameters (glucose, glycated hae-
moglobin, FPI and FPA) analyzed or in the calculations derived from
these (FPAIR and HOMA-IR index). The secondary objective was to
assess the correlation between GM related markers and non-motor,
motor or cognitive involvement in PD participants as indicated by the
NMSS, MDS-UPDRS part III and MDRS scores respectively.

2.4. Statistical methods

All qualitative variables are presented as absolute and relative fre-
quencies, and the quantitative ones as medians and their respective
interquartile ranges. The categorical variables of the subjects were
compared by Fisher’s test. Pairwise comparisons of quantitative vari-
ables between both PD vs. Cs and between dichotomized PD subgroups
were performed by means of Mann Whitney’s U test. Due to the evidence
of high prevalence of T2D in >65-year-old [22], we decided to perform
an age sub-group analysis and we dichotomized the PD group according
to the cohort-median age for further statistical analyses.

Binary logistic regression models adjusted for different covariates
were applied to calculate the corresponding Odds ratios and the
respective confidence intervals of 95% (95% CI). The number of cova-
riates was kept to a minimum considering the sample size in order to
minimize the risk of overfitting.

In PD group, correlations between metabolic parameters and motor,
non-motor and cognitive scores were assessed with Spearman’s
coefficient.

The statistical analysis of clinical and biological results was carried
out with the SPSS package for Windows (version 22 for Windows; IBM,
NYC, USA). All analyses were two-tailed with significance threshold set
at 0.05. Correction for multiple comparisons was not applied due to the
hypothesis driven design.

3. Results
3.1. Demographic and clinical variables

PD and Cs did not significantly differ in age or sex. Cs had higher
educational level and less family history of parkinsonism than PD sub-
jects. Among cardiovascular risk factors only dyslipidemia was signifi-
cantly more prevalent in Cs than in PD. We did not observe differences in
body mass index (BMI) between both groups or between women and
men. Patients with PD had greater NMSS scores and lower MDRS scores
(Table 1).
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PD patients had a median of 8 years of disease duration at inclusion.
PD group scored a median of 23 on the UPDRS-MDS-III and 2 at the Hoen
& Yahr scale in ON state. Levodopa equivalent daily dose (LEDD) in PD
patients was 774 mg/day [23] (Table 1).

3.2. Glucose metabolism analysis

Univariate pairwise comparisons detected lower FPI levels in PD
than Cs. Fasting blood glucose levels, glycated haemoglobin, FPA and
HOMA-IR did not differ in the quantitative values between PD and Cs.
However, the FPAIR was significantly higher in PD than Cs. (Table 1 and
Fig. 1a and b).

In a subsequent multivariate binary logistic regression model,

Table 1
Comparison of clinical and biologic characteristics between PD and Cs groups.
PD patients (n Cs (n = 38) Significance
=73) (p)

Demographics data
Sex (Women) 37 (50.7%) 23 (60.5%) 0,360"
Age (years, median) 67 y (57-72) 65y (53-72) 0,462h

Education level
Basic 25 (35.2%) 3(8.1%)
Media 21 (29.6%) 16 (43.2%) 0,012%°
Superior 25 (35.2%) 18 (48.7%)

PD Familiar History
No familiar history 44 (61%) 34 (89.5%)
First Degree 12 (16.7%) 1 (2.6%)
Other Degrees 12 (16.7%) 2 (5.3%) 0,019°¢
“Tremor” in family 4 (5.6%) 1 (2.6%)

Cardiovascular risk factors
Arterial Hypertension 19 (26.4%) 10 (26.3%) 0.993"
Dyslipidemia 7 (9.7%) 10 (26.3%) 0.022%°
Ischemic Heart Disease 3 (4.2%) 1 (2.6%) 0.683"
BMI (median) (p25- 25.2 24.8 (21.5-29) 0.495"
P75) (23.1-26.4)

Clinical assessment
NMSS median (p25- 37 (19-65) 8(2.8-15.3) <0.001"¢
p75)
MDRS median (p25- 140 (136-142) 141 (140-143) 0.015"
p75)
MDS-UPDRS-III median 23 (17-40) -
(ON state)
Hoen & Yahr scale 2(2-2) -
median (ON state)
Disease duration 8 (5-15) -

median (years)
LEDD median (mg/day) 774 (404-1230) -

Biological assessment

Blood glucose levels 96 (89.3-101.8) 94.00 0.448"
(mg/dL) median (p25- (88.8-101.5)

p75)

HbA1lc (%) median 5.50 (5.3-5.7) 5.40 (5.2-5.7) 0.521"
(p25-p75)

FPI (mU/L) median 6.9 (5-9.9) 9.10 (5.8-11.6) 0.034"¢
(p25-p75)

FPA (pM) median (p25-  23.48 20.13 0.454"
P75) (17.41-40.78) (15.13-36.49)

HOMA-IR median (p25- 1.6 (1.1-2.6) 2.08 (1.3-3.1) 0.081"
p75)

FPAIR median (p25- 0.52 0.32 0.024"¢
p75) (0.32-0.89) (0.24-0.66)

@ Pearson’s chi-squared test.

> U Mann-Whitney.

¢ Significant difference. PD: Parkinson’s disease; Cs: Control subjects; T2D:
Type-2-diabetes; BMI: Body mass index; NMSS: Non-Motor Symptom Scale;
MDRS: Mattis Dementia Rating Scale; MDS-UPDRS-III: Movement Disorders
Society-Unified Parkinson Disease Rating Scale, part III; LEED: Levodopa
equivalent daily dose; FPI: Fasting plasma insulin; FPA: Fasting plasma amylin;
HOMA-IR: Homeostatic Model Assessment of Insulin Resistance; FPAIR: Fasting
plasma amylin/insulin ratio.
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increasing FPI and blood glucose levels along with higher educational
degree and positive PD familiar history significantly increased the risk of
belonging to the PD group (Table 2). Likewise, binary logistic regression
including BMI or sex, with PD familiar history, blood glucose and FPI
levels increased the risk of belonging to the PD group too (Supplemen-
tary material: Tables 2 and 3).

3.3. Insulin, amylin and blood glucose differences between PD and Cs in
relation to the age

We explored the effect of age in the metabolic differences by
dichotomizing the PD and Cs groups according to the cohort-median
age: <67 vs. >67-year-old (yo). FPI levels were significantly lower in
older PD patients than in older Cs (6.35 mU/L vs. 9.1 mU/L Cs median
FPI levels; p = 0.020) and tended to decrease in PD older-subgroup (6.35
mU/Lin PD > 67 yo vs. 8.00 mU/L in PD < 67 yo; median FPI levels; p =
0.063). FPI levels did not differ between younger PD and Cs subgroups
(p = 0.521), nor between Cs age-subgroups. (p = 0.784) (Supplementary
material: Table 1, panel a).

FPA was significantly higher in older PD subjects than older Cs (24.9
pM vs. 17.87 pM median FPA levels; p = 0.046), but not between PD and
Cs younger age sub-groups (22.44 pM vs. 30.41 pM median FPA levels; p
= 0.271). In the Cs group, FPA was significantly higher in <67 yo than in
>67 yo subjects (p = 0.030). We did not find differences of FPA levels
between PD age-subgroups (p = 0.817) (Supplementary material:
Table 1, panel b).

FPAIR was significantly higher in PD subjects >67 yo than Cs > 67 yo
(0.55 vs. 0.29 median FPAIR; p < 0.001). No other differences in FPAIR
between groups and age-subgroups were found (Supplementary mate-
rial: Table 1, panel c).

Blood glucose levels did not differ between groups and the different
age subgroups (Supplementary material: Table 4).

3.4. Metabolic and clinical correlations

Finally, in PD group, we found modest significant correlations be-
tween higher HOMA-IR levels with increased non-motor symptoms
scores (NMSS; r = 0.328; p = 0.006) (Fig. 2). Motor symptoms and
cognitive assessment were not correlated with any of the metabolic
parameters.

4. Discussion

In our study, we found GM impairment in PD patients relative to Cs.
Our primary findings were decreased FPI levels and increased FPAIR in
PD vs. Cs. We have also found that lower FPI levels, increasing glycae-
mia, lower educational level and PD familiar history in combination
discriminated PD from controls. Modest correlations were found be-
tween rising HOMA-IR levels and non-motor symptoms.

Secondary findings were that in older age sub-groups, FPI was lower
and FPA was higher in PD vs. Cs. Moreover, FPAIR showed a trend to be
increased in older-PD-subgroup and the opposite in older-control-
subgroup. HOMA-IR tended to be higher in Cs without significance be-
tween groups. No other metabolic parameters analyzed differed be-
tween PD and Cs. Blood glucose levels did not differ either between PD
and Cs. Inconsistencies in previous literature and with our current report
might be attributable to different population and overweight condition
[2,24]. In our case, we consider we did not find differences in blood
glucose levels due to a normal BMI in our cohort and we believe also
glycaemia could be less specific of GM alterations in PD in the absence of
diabetes.

Multiple studies have analyzed the relationship between peripheral
GM abnormalities and more specifically on IR and PD [10]. The GM
alterations in PD based on differences in insulin in our cohort add to, and
expand those from, previous studies. However, other metabolic works
did not find differences in FPI levels in PD patients vs. Cs [2,24]. Lower



Document signat digitalment per: Almudena Sanchez Gomez

A. Sanchez-Gomez et al.

[ -]

20,00+
15,001

10,004

5,007

00 T T
PD Cs

Parkinsonism and Related Disorders 79 (2020) 91-96

1,50

1,007

FPI mU/L
FPAIR

1

00— T T

PD Cs

Fig. 1. Glucose metabolism results. Fig. 1a. Box plots of FPI levels [median (p25-p75)]. PD patients = 6.9 (5-9.9); Cs = 9.10 (5.8-11.6); p = 0.034. Fig. 1b: Box
plots of FPAIR [median (p25-p75]). PD patients = 0.52 (0.32-0.89); Cs = 0.32 (0.24-0.66). p = 0.024. PD: Parkinson’s disease; Cs: Control subjects; FPI: Fasting

plasma insulin; FPAIR: Fasting plasma amylin insulin ratio.

Table 2

Binary logistic regression model covariate by educational level, PD familiar
history, blood glucose levels and FPI levels. *Significant difference. FPI: Fasting
plasma insulin.

Significance Odds Ratio 95% CI for OR
OR
® (OR) Lower Upper
limit limit
Educational level 0.006* 0.398 0.206 0.772
PD familiar history 0.009* 2.466 1.255 4.848
Blood glucose levels 0.008* 1.073 1.018 1.130
(mg/dL)

FPI levels (mU/L) 0.004* 0.826 0.726 0.939

insulin values in older people may be attributable to aging and loss of
beta cell function [25]. Insufficient insulin response has been suggested
in PD patients in other works [24,26] and our results with lower FPI
levels would support this possibility. Most brain insulin derives from
peripheral levels, since insulin crosses the blood-brain-barrier. Of note,
in a cohort of 160 patients, FPI levels correlated with cerebrospinal fluid
levels [27]. Despite we cannot correlate our data in PD at the peripheral
level with what happens at brain level, our results with lower FPI levels
in PD vs. C could suggest a lower insulin supply to the brain. Further
studies to corroborate this hypothesis will be needed.

IR, measured by HOMA-IR, was found to be impaired in PD, but with
a significant correlation with overweight and obesity condition [26]. In
our work, HOMA-IR and BMI were normal in PD group without differ-
ences with Cs, and the binary logistic regression model including BMI
did not show this parameter to be a significant predictor of PD. Thus, in
our study the association of FPI with PD would appear to be independent
of BML.

The insulin degrading enzyme (IDE; an endopeptidase that can
degrade insulin and amyloidogenic proteins in the pancreas and that it is
up-regulated by insulin) has been shown to interact with the acid C-
terminal of aS [28]. This interaction in vitro has been associated with aS
inhibition by IDE and its subsequent prevention of aS amyloid fibrils
formation [29]. Based on these results, we can hypothesize that the in-
sulin pathway, including the IDE and lower FPI levels, has an important
role in the relationship between T2D and PD. Further studies to support
this hypothesis are warranted.

The potential link of amylin with PD is a new approach in the study
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of the association between PD and T2D, not previously described in the
literature. Amylin has been found to be lower in T2D, but it seems to be
dependent on insulin treatment, being higher in T2D patients without
insulin treatment [30]. Higher amylin levels have been found also in
non-diabetic healthy controls with oral glucose intolerance compared to
those with normal glucose tolerance [30]. In our study, T2D was exclude
and no other cardiovascular risk factors were different between PD and
Cs.

In contrast to insulin trend with aging, amylin levels in older people
have been inconsistent in the literature and these differences may be
related with different measurement techniques and different population
(small groups, Asian population, etc.) [31,32]. In our case FPA levels in
healthy controls were lower in the older subgroup. We interpret this as,
the same as insulin, amylin levels could tend to be lower in aging.

In our participants, older PD patients had higher FPA levels than
elder controls, who in turn had lower FPA levels than younger controls.
These results need to be taken with caution since FPA levels had not
been previously studied in PD. Still, our findings suggest that while in
controls FPA decreases with ageing, in PD its levels tend to keep the
values.

In PD, an interaction between both amyloid proteins aS and amylin
was observed in molecular and pathological studies [12,20]. Likewise,
amylin presence in brain of AD patients and an interaction between
amylin and beta-amyloid and tau have been observed [17]. Peripheral
amylin can cross the blood-brain barrier and, in experimental studies,
humanized hyperamylinemia has been associated in rats with marked
amylin amyloid deposits in brain [33]. Albeit we do not have previous
data of amylin levels in PD, a recent longitudinal study has found that
high amylin levels could increase AD risk [18]. This along with our
findings in PD patients compared to controls, suggests that high pe-
ripheral amylin levels in PD could hypothetically lead to a greater de-
posit of amylin at brain level and to an interaction between both amyloid
proteins (aS and amylin), promoting greater aS aggregation.

As discussed above, the literature on aging effect on amylin is quite
inconsistent. Nevertheless, given the observed link between amylin and
proteins that form aggregates in neurodegenerative diseases such as
Alzheimer’s and PD that are closely associated to aging (as is T2D), it
could be speculated that aging in the setting of these conditions could
promote increased levels and aggregation of these proteins. Future
research should clarify if this is the case or not.

In light of all this and since amylin and insulin are co-secreted in
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Fig. 2. Metabolic and clinical correlations. Growing HOMA-IR values were associated with increasing non-motor symptoms at NMSS (r = 0.328, p = 0.006).
HOMA-IR: Homeostatic Model Assessment of Insulin Resistance; NMSS: Non-Motor Symptom Scale.

pancreatic beta-cells, the FPAIR might be a measure of the regulatory
function of beta cells that impacts on GM. In our cohort, the higher
FPAIR in PD group at the expense of lower FPI (and higher FPA in the
older age-group), could be due to a dissociation in insulin and amylin
secretion in PD patients and the reflection of increased tissue amyloid
deposition and interactions between both amyloid proteins (amylin and
aS) with subsequent PD progression. The known colocalization of the
two amyloid proteins in pancreatic and neuronal cells makes it plausible
that they can have biological and pathophysiological interactions in vivo
[12,20].

Other authors found a link between greater PD motor symptoms and
T2D; this association confers more severe motor involvement with
postural instability and gait disorder phenotype [6,7]. We did not find a
similar association perhaps our study was focused on metabolic and
clinical associations in non-diabetic patients. Our findings of correla-
tions between HOMA-IR with highest non-motor scores should be
further explored to confirm or not this association. T2D and IR have
been linked to dementia in PD [4,5]. Although the MDRS scores in our
PD group were significantly lower than in Cs, the PD participants in this
study were not particularly cognitively impaired [34]; This relative
cognitive preservation could account for the lack of correlation between
GM alterations and MDRS in our cohort.

Our study is not without limitations: first of all, the sample size was
reasonable considering prior research but yet relatively small and
perhaps some modest statistical differences indicate limited statistical
power for part of the analyses. Second, our study is cross-sectional; it
remains to be seen if a longitudinal study would show these GM markers
to be predictors of PD diagnosis or progression. All subjects were from
Spain; this fact limits the generalization of our results.

The most noted strength and novelty of this study is the analysis of
amylin in a PD cohort. The research of amylin in PD cohort is a new
approach of the study of the associations between PD and T2D, not
described in the literature before. Hence, a future potential avenue of
research in PD is measuring amylin in CSF from PD patients. Other
strengths relate to internal consistency of the different analyses and the
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fact that BMI and other cardiovascular risk factors were also taken into
consideration and controlled for, suggesting that our findings are spe-
cific of GM alterations and independent of other factors.

In conclusion, lower FPI and higher FPAIR in PD along with higher
FPA levels in older PD patients indicate a moderate GM alteration in PD
patients, suggesting a pathophysiological link between T2D and PD.
Such a link might have potential pathophysiological, diagnostic and
therapeutic relevance, in the current setting of great attention being paid
to the potential neuroprotective effect of antidiabetic drugs [35].
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Supplementary material

PD 267 yo (n=39) Cs 267 yo (n=18) Significance (p)
Panel a (U Mann-Whitney)
. 6.35(4.4-8.4) 9.1(6.38-11.33) 0.020*
FPI mU/L median
(p25-p75)
PD < 67 yo (n=33) Cs< 67 yo (n=20) Significance (p)
(U Mann-Whitney)
8.00 (5.55-11.40) 9.05 (5.45-13.30) 0.521
Significance (p) 0.063 0.784
(U Mann-Whitney)
PD 267 yo (n=40) Cs 267 yo (n=18) Significance (p)

Panel b

FPA pM median (p25-p75)

(U Mann-Whitney)

24.9 (17-42.52)

17.87 (13.84-21.57)

0.046*

PD < 67 yo (n=33)

Cs< 67 yo (n=20)

Significance (p)
(U Mann-Whitney)

22.44 (17.96-35.75) 30.41 (18.23-74.50) 0.271
Significance (p) 0.817 0.030*
(U Mann-Whitney)
Panel c PD 267 yo Cs267yo significance (p)
(n=39) (n=18) (U Mann-Whitney)
0.55 (0.39-0.95) 0.29 (0.25-0.43) p<0.001*
FPAIR
(p25-p75)
PD <67 yo Cs< 67 yo Significance (p)
(n=33) (n=20) (U Mann-Whitney)
0.43 (0.25-0.77) 0.41(0.23-1,00) 0.956
Significance (p)

(U Mann-Whitney)

0.104

0.228

Supplementary Table 1: Amylin and insulin levels in relation to age. Panel a: FPI levels had a significative difference between
both groups in older subjects (PD 267 yo had lower FPI levels than Cs of the same age group; p=0.020). A trend in decline FPI
levels in older PD subjects was observed (p=0.063). Panel b: FPA levels had a significative difference between both groups in
older subjects (PD 267 yo had higher FPA levels than Cs of the same age group; p=0.046) but inside PD group we did not find
differences by age in FPA value (p=0.817). Nevertheless, in Cs there were significative differences between 267 and < 67 yo
age sub-groups (p=0.030). Panel c: FPAIR was significative higher in PD 267 yo than Cs of the same age group; p<0.001. A
trend in increasing ratio in older age-subgroup occurred in PD, opposite to Cs where ratio declines in younger-subgroup. yo=
years old. *Significant difference. PD: Parkinson’s disease; Cs: Control subjects; FPI: Fasting plasma insulin; FPA: Fasting

plasma amylin; FPAIR: Fasting plasma amylin/insulin ratio.

51



Document signat digitalment per: Almudena Sanchez Gomez

Peripheral insulin and amylin and levels in Parkinson’s disease

Significance  Odds Ratio 95% Cl for OR
(p) (OR) Lower limit Upper limit
PD familiar history 0.013* 2.722 1.234 6.006
FPI levels (mU/L) 0.042* 0.886 0.789 0.995
Blood glucose levels (mg/dL) 0.106 1.038 0.992 1.086
BMI 0.979 0.998 0.888 1.122

Supplementary Table 2: Binary logistic regression model with PD familiar history, FPI levels,
blood glucose levels and BMI. The significant values to predict being in PD group were lower
FPI levels with an OR 0.886 and PD familiar history with OR 2.722. *Significant difference.
PD: Parkinson’s disease; FPI: Fasting plasma insulin; BMI: Body mass index.

Significance (p) Odds Ratio 95% CI for OR
(OR)
Lower Upper
limit limit
Sex (female) 0.497 0.737 0.305 1.780
PD familiar history 0.014* 2.170 1.170 4.023
Blood glucose levels 0.024* 1.055 1.007 1.104
(mg/dL)
FPl levels (mU/L) 0.012* 0.860 0.764 0.967

Supplementary Table 3: Binary logistic regression model with sex, PD familiar history, blood
glucose levels and FPI levels. The significant values to predict being in PD group were lower FPI
levels with an OR 0.860, PD familiar history with OR 2.170 and increasing blood glucose levels
with an OR 1.055. *Significant difference. PD: Parkinson’s disease; FPI: Fasting plasma insulin
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PD 267 yo (n=40)

Cs 267 yo (n=18)

Significance (p)
(U Mann-Whitney)

Blood glucose levels 97(91-101) 95 (91.75-103.5) 0.932
mg/dL
median (p25-p75)
PD < 67 yo (n=33) Cs< 67 yo (n=20)
95 (88-102) 92.5 (82.75-98.75) 0.419
Significance (p) 0.549 0.303

(U Mann-Whitney)

Supplementary Table 4: Blood glucose levels in relation to age. No differences were noted
between PD and Cs neither between age-subgroups cohorts. PD: Parkinson’s disease; Cs:

Control subjects.
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PARKINSONS DISEASE: A POPULATION-BASED COHORT STUDY
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Prediabetes, diabetes mellitus tipo 2 y riesgo de enfermedad de
Parkinson: un estudio de cohorte basado en la poblacion

Antecedentes: La asociacion de la diabetes mellitus tipo 2 (DMZ2) con el
posterior desarrollo de enfermedad de Parkinson (EP) ha respaldado el
vinculo entre el metabolismo de la glucosa y la EP. Evaluamos el riesgo
de EP no solo en la diabetes tipo 2 sino también en la prediabetes.

Métodos: Se realizé un estudio de cohorte retrospectivo de la poblacion
atendida en los centros de atenciéon primaria del Instituto Cataldn de la
Salud en Cataluiia entre 2006 y 2018. Los datos se obtuvieron del
Sistema de Informaciéon para la Investigacion en Atencion Primaria
(SIDIAP). Creamos una cohorte de pacientes con DM2 y prediabetes
(HbAlc = 5,7-6,4% sin farmacos antidiabéticos o diagndstico previo de
DM?2) y se comparé con una cohorte de referencia. El resultado fue el
diagndstico de EP y se excluyd la EP antes o durante el primer aiio de
seguimiento. Usamos modelos de regresion de Cox multivariados para
calcular los cocientes de riesgo (HR) y los intervalos de confianza del
95% (IC del 95%). Se excluyeron sujetos con parkinsonismos atipicos y
secundarios.

Resultados: Las cohortes expuestas comprendieron 281.153 pacientes
con DM2 y 266.379 con prediabetes y una cohorte de referencia de
2.556.928 sujetos. La DM2 y la prediabetes se asociaron con un mayor
riesgo de EP (HR ajustado 1,19; IC del 95%: 1,13-1,25y 1,07; 1,00-1,14;
respectivamente). En los andlisis estratificados por sexo, la prediabetes
solo se asocio con el riesgo de EP en las mujeres (1,12, 1,03-1,22 frente a
1,01, 0,99-1,10 en los hombres). Cuando el andlisis se estratificé por
edad, la DM2 y la prediabetes se asociaron con un mayor riesgo de EP
tanto en mujeres (2,36, 1,96-2,84 y 2,10, 1,70-2,59 respectivamente)
como en hombres (1,74, 1,52-2,00 y 1,90, 1,57-2,30 respectivamente)
menores de 65 anos.

Conclusiones: Informamos por primera vez que la prediabetes aumenta
las probabilidades de una EP posterior y replicamos la asociacion
establecida con la DM2. Ambas asociaciones predominan en mujeres y
sujetos jovenes.
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ABSTRACT
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Background: Association of type 2 diabetes mellitus (T2D) with subsequent Parkinson’s disease (PD) has sup-
ported the link between glucose metabolism and PD. We assessed the risk of PD not only in T2D but also in
prediabetes.

Methods: We conducted a retrospective cohort study of the population attended in primary care centres of the
Catalan Health Institute in Catalonia between 2006 and 2018. The data were obtained from the Information
System for Research in Primary Care (SIDIAP). We created a cohort of T2D and prediabetes patients
(HbAlc > 5.7-6.4% without antidiabetic drugs or previous T2D diagnosis) and compared to a reference cohort.
The outcome was PD diagnosis and we excluded PD before or during the first year of follow-up. We used
multivariate Cox regression models to calculate hazard ratios (HR) and 95% confidence intervals (95%CI). We
excluded subjects with atypical and secondary parkinsonisms.

Results: The exposed cohorts comprised of 281.153 patients with T2D and 266.379 with prediabetes and a
reference cohort of 2.556.928 subjects. T2D and prediabetes were associated with higher risk of PD (HRadjusted
1.19, 95%CI 1.13-1.25, and 1.07, 1.00-1.14; respectively). In analyses stratified by sex, prediabetes was only
associated with PD risk in women (1.12, 1.03-1.22 vs. 1.01, 0.99-1.10 in men). When analysis was stratified by
age, T2D and prediabetes were associated with a greater PD risk both in women (2.36, 1.96-2.84 and 2.10,
1.70-2.59 respectively) and men (1.74, 1.52-2.00 and 1.90, 1.57-2.30 respectively) below 65 years-old.
Conclusions: We report for the first time that prediabetes increases the odds of subsequent PD and replicate the
association with established T2D. Both associations predominate in women and young individuals.

1. Introduction

protein in pancreatic B-cells, in older PD patients [2].
Studies aiming at addressing the epidemiological relationship be-

Different studies have addressed the metabolic association between
type 2 diabetes mellitus (T2D) and Parkinson’s disease (PD), but the link
among them remains unclear. Insulin resistance is one of the most
relevant metabolic alterations found in the relationship between T2D
and PD [1]. More recently, low insulin levels have also been postulated
as one of the possible mechanisms involved in this association in
conjunction with higher levels of amylin, the T2D amyloid deposit

tween T2D and PD have shown conflicting results. A meta-analysis of
case-control studies found a negative association between T2D and PD
[3], but these results were opposed with a meta-analysis distinguishing
between case-control and prospective studies. In prospective studies,
T2D was found as a risk factor for subsequent PD development, but no
association was found in case-control studies [4].

The latest studies with prospective design have been consistent,
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showing that T2D preceding PD increased the risk of its future devel-
opment. Yang and colleagues found increased risk of PD with a hazard
ratio (HR) of 1.19 (95% confidence interval-CI- 1.08-1.32) in the T2D
cohort (36.294 subjects) in multivariate analysis. In women and older
individuals (>65 years old) the risk was greater (HR 1.29 and 1.20
respectively) [5]. In a more recent work, a similar risk was noted in 2
million T2D patients from London (HR = 1.32), predominantly in
women, young patients and in those with complicated T2D (target or-
gans affected) [6].

Recently, the use of two oral antidiabetic drugs (DPP4 inhibitors and
GLP-1 receptor agonists) were associated with lower PD risk [7] and, in
the case of exenatide (a GLP1 agonist), with a slight motor improvement
in patients with PD [8].

To our knowledge, prediabetes as a risk factor for PD development
has not been previously analyzed. Accordingly, we aimed at investi-
gating the association between T2D and prediabetes on the risk of
subsequent PD in a large population-based cohort.

2. Methods
2.1. Data source and study design

We conducted a retrospective cohort study using data from the In-
formation System for the Development of Research in Primary Care
(SIDIAP; www.sidiap.org) from January 2006 until December 2018
(Fig. 1). The SIDIAP includes information recorded in electronic health
records by health professionals during routine visits at 287 primary
health care centres from the Institut Catala de la Salut (ICS, Catalan
Health Institute) [9]. The SIDIAP has anonymized records for more than
seven million people and is representative of the Catalan population in
terms of age, sex, and geographic distribution [9]. It includes informa-
tion on disease diagnoses (International Classification for Diseases, 10th
revision [ICD-10]), drug prescriptions and dispensations in the primary
care setting, and clinically relevant parameters (e.g., weight, blood
pressure, laboratory tests). It is also linked to a hospital discharge
database for patients who attend ICS hospitals (30% of the SIDIAP
population) [10,11].

Parkinsonism and Related Disorders 89 (2021) 22-27

2.2. Type 2 diabetes mellitus, prediabetes, Parkinson’s disease and
covariates

The exposed cohort was constructed in two groups by identifying
individuals with T2D diagnosis by an ICD-10 code E11 and/or glycated
haemoglobin (HbA1lc) >6.5%; and another group with prediabetic state
defined by (HbAlc) levels between 5.7 and 6.4% without current or
previous antidiabetic drugs neither T2D diagnosis code. The T2D group
was defined first, so that a subject with prediabetes was not part of this
second group if she/he developed T2D later during the study period.
Subjects without T2D or prediabetes inclusion criteria constituted the
reference cohort. Type 1 diabetes and other types of diabetes were
exclusion criteria for enter into the study. Included individuals were
aged between 40 and 80 years old. Individuals were excluded if they had
a PD coded diagnosis (ICD-10 G20) (or they had prescribed anti-
dopaminergics drugs) before or during the first year after entry into the
study. Exclusion criteria for the entire cohort were subjects with a his-
tory of ICD-10 diagnostic categories of atypical and secondary
(including pharmacological) parkinsonisms, G23 and G21 respectively
(selected and excluded patients are detailed in Supplementary material,
Fig. 1). All subjects were followed-up until a PD diagnosis, death,
transferred out of SIDIAP, or end the study in December 2018.

PD, the study outcome, was defined by a PD diagnosis code regis-
tered in primary care (ICD-10 G20). In the MDS diagnostic criteria of PD
[12] dementia is not considered an exclusion criterion of PD anymore,
allowing for considering dementia with Lewy bodies (DLB) as PD with
dementia of the Lewy-type. Hence, and to make sure that cases with PD
with dementia were not omitted, we also included DLB diagnosis code
(ICD-10 G31.8). In order not to miss cases with tremulous PD coded as
tremor, we also included tremor diagnosis (ICD-10 R25.1) in combina-
tion with active prescriptions of levodopa and/or dopamine agonists for
at least 1 year.

We evaluated other covariates such as age, sex, body mass index
(BMI), cardiovascular risk factors (hypertension, dyslipidemia, ischemic
heart disease by registered ICD-10 codes), smoking (never, past, current
smokers) and the MEDEA deprivation index (socioeconomic level in
quintiles). Covariates were identified during the year prior to PD diag-
nosis or study finalization.

EXCLUSION CRITERIA:
* PD di is before or during the first year

of follow-up

EXPOSED COHORT:

« Atypical parkinsonisms (ICD-10=G23)
« Secondary and pharmacological
parkinsonisms (ICD-10=G21)

NOT PD during follow-up

1) T2D: j
1.1-1CD-10=E11
1.2-HbAlc 26.5 &

2) Prediabetes: |

2006-2018

| PD during foll p

Hb Alc 2 5.7-6.4%

f

'WOMEN AND MEN
BETWEN 40-80 YEARS

oLD

OUTCOME = PD diagnosis:

*ICD-10= G20

*TREMOR (ICD-10=R25.1) + L-DOPA/* > 1 YEAR
* Lewy body dementia (ICD-10=G38.1) + L-DOPA/* >1 YEAR

REFERENCE
COHORT: NO T2D | 2006-2018 | m m
neither prediabetic f -
subjects X

EXCLUSION CRITERIA:

* PD di: is before or during the first year

of follow-up
« Atypical parkinsonisms (ICD-10=G23)
« Secondary and pharmacological
parkinsonisms (ICD-10=G21)

| * Dopaminergic drugs

Fig. 1. Study Flow-chart. Abbreviations: T2D = Type 2 diabetes mellitus; ICD-10 = International Classification of Diseases, Tenth Revision; HbAlc = glycated

haemoglobin; PD= Parkinson’s disease. L-Dopa = levodopa.
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BMI was calculated by body weight in kg divided by squared height
in meters, and further categorised into BMI categories according to the
World Health Organization (WHO) [13]: <25 kg/m2 (underweight and
normal weight; due to small sample size in the underweight category, we
decided to combine the underweight and normal weight categories),
>25-29.99 kg/m? overweight and >30 kg/m?obesity.

2.3. Statistical analysis

We performed descriptive analysis of the studied cohorts (which are
detailed in Supplementary material, Table 1), including the overall
baseline characteristics.

We fitted Cox’s proportional hazards model with the time metric to
estimate HR and 95% CI for the association between T2D, prediabetes,
and risk of PD. The first (crude) model included only age and sex, and
the second (multivariable-adjusted) model was further adjusted for BMI,
smoking status and socioeconomic status. We further stratifyed all
models by sex and age (<65 and > 65 years). We performed multiple
imputations (using the fully conditional specification approach, with 20
imputed data sets created) to deal with missing values for covariates
included in the models [14,15]. For all models, we checked the pro-
portional hazard assumption by using the Schoenfeld test of propor-
tionality and by visual inspection of the scaled Schoenfeld residuals
[16].

We assessed effect modification by introducing interaction terms
(one at a time) between T2D, prediabetes and BMI.

All statistical analyses were performed with R (version 3.6).

3. Ethical considerations

The project was approved by the Research Ethics Committee of the
Jordi Gol University Institute for Research in Primary Care (IDIAP Jordi
Gol).

Due to the study collected population-based data, the personal
identification code was encrypted by the Catalan Health Institute,
maintaining the anonymity of the study individuals. Therefore, the
informed consent of the participants was not required and the research
team worked with anonymized data.
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4. Results

We included 3.104.460 people in the study. In the exposed cohort,
there were 281.153 (9.1%) T2D patients and 266.379 (8.6%) subjects
with prediabetes. The reference cohort included 2.556.928 (82.4%)
people. The mean follow-up years of the study were 7.3. During the
follow-up, a total of 13.715 people developed PD. In the reference
cohort, 10.748 (0.42% of the entire reference cohort) subjects had a
diagnosis of PD during follow-up. In the TD2 group, there were 1.789
(0.64% of T2D total group) subjects and in the prediabetic group 1.178
(0.44% of prediabetic total group) subjects with a PD diagnosis during
follow-up (Table 1).

The mean age of the PD subjects were 68.4 years old, in the TD2 with
PD and prediabetes with PD cohorts were 69.8 and 70.7 years
respectively.

An increased risk of PD development was observed in the T2D cohort
(adjusted HR of 1.19; 95% CI 1.13-1.25) and to a lesser extent but also
statistically significant in the prediabetes cohort (adjusted HR of 1.07;
95% CI 1.00-1.14) when compared to T2D and prediabetes free in-
dividuals. Both associations were independent of other factors such as
the BMI. The more age the higher risk for subsequent PD (Table 1).

Overweight and obese individuals had higher PD risk (adjusted HR of
1.21; 95% CI 1.15-1.27 and 1.19; 95% CI 1.13-1.26 respectively)
compared to normal weight individuals independently of other factors
such as T2D. Current and former smoking conferred lower PD risk
development (adjusted HR of 0.70; 95% CI 0.66-0.74 and 0.80; 95% CI
0.75-0.85, respectively) when compared to never smokers.

In stratified analyses by sex, we have found that in women, the risk of
PD development was higher than in men, both T2D (adjusted HR of 1.27;
95% CI 1.18-1.38 vs. adjusted HR of 1.11; 95% CI 1.04-1.20) and
prediabetic group (adjusted HR of 1.12; 95% CI 1.03-1.22 vs. adjusted
HR of 1.01; 95% CI 0.99-1.10). In fact, prediabetes did not confer an
increased risk of subsequent PD in men (Table 2).

However, stratified analyses by both age and sex, the risk of subse-
quent PD increased substantially in young groups (<65 years old). It was
in these age-subgroups, and mainly in women, that both T2D and pre-
diabetes conferred a substantial increase in risk of subsequent PD
(adjusted HR of 2.36; 95% CI 1.96-2.84 and HR of 2.10; 95% CI

Table 1
T2D and prediabetes cohorts with PD relative risk.
Entire cohort (n = 3.104.460) PD (n = 13.715) HR 95% CI p value

Reference cohort 2.556.928 (82.4%) 10.748 (0.42%)" Ref - —
T2D 281.153 (9.0%) 1.789 (0.64%)" 1.19 1.13-1.25 <0.001
Prediabetes 266.379 (8.6%) 1.178 (0.44%)" 1.07 1.00-1.14 0.045
Sex

Women 1.606.876 (51.8%) 6.608 (0.4%)" Ref - -

Men 1.497.584 (48.2%) 7.107 (0.5%)" 1.54 1.49-1.60 <0.001
Age

<65 yo 2.490.450 (80.2%) 3.915 (0.16%)" Ref - -

>65-74 yo 416.967 (13.4%) 5.896 (1.4%)" 7.74 7.42-8.07 <0.001

>75 yo 197.043 (6.4%) 3.904 (2%)" 12.71 12.13-13.31 <0.001
BMI

<25 963.576 (31.0%) 2.859 (0.3%)" Ref - -

25-29.9 1.272.461 (41.0%) 6.496 (0.5%)" 1.21 1.15-1.27 <0.001

>30 868.423 (28.0%) 4.360(0.5%)" 1.19 1.13-1.26 <0.001
Smoke

Non smoker 1.828.719 (58.9%) 10.470 (0.6%)" Ref - -

Current smoker 893.279 (28.8%) 1.909 (0.2%)" 0.70 0.66-0.74 <0.001

Former smoker 382.426 (12.3%) 1.336 (0.3%)" 0.80 0.75-0.85 <0.001
MEDEA U1 528.396 (17.0%) 2.732 (0.52%)" Ref - -
MEDEA U2 508.518 (16.4%) 2.278 (0.45%)" 0.89 0.84-0.95 <0.001
MEDEA U3 498.594 (16.1%) 2.180 (0.44%)" 0.88 0.83-0.93 <0.001
MEDEA U4 485.009 (15.6%) 1.888 (0.39%)" 0.81 0.76-0.86 <0.001
MEDEA U5 449.055 (14.5%) 1.609 (0.36%)" 0.79 0.74-0.84 <0.001
MEDEA R 634.888 (20.4%) 3.028 (0.48%)" 0.89 0.85-0.94 <0.001

Abbreviations: PD= Parkinson’s disease; HR= Hazard ratio; CI= Confidence interval; T2D = Type 2 diabetes mellitus; yo = years old; BMI= Body mass index;

MEDEA = Socioeconomical index, U1 less deprive-U5 most deprive, R = rural.
@ % = number of PD/total number of subjects in the cohort.
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Table 2
T2D and prediabetes cohorts with PD relative risk in relation to sex.
WOMEN with PD MEN with PD
PD/n total HR 95% CI p value PD/n total HR 95% CI p value
Reference cohort 5.196/1.347.047 (0.39%) Ref - - 5.552/1.209.881 (0.46%) Ref - -
T2D cohort 779/116.527 (0.69%) 1.27 1.18-1.38 <0.001 1.010/164.626 (0.61%) 111 1.04-1.20 0.0027
Prediabetes 633/143.302 (0.44%) 1.12 1.03-1.22 0.0085 545/123.077 (0.44%) 1.01 0.99-1.10 0.91
Age
<65 yo 1.688/1.267.174 (0.13%) Ref - - 2.227/1.223.276 (0.18%)" Ref - -
>65 yo 4.920/339.702 (1.45%) 9.04 8.51-9.61 <0.001 4.880/274.308 (1.78%) 9.12 8.66-9.60 <0.001
BMI
<25 1.507/574.134 (0.26%) Ref - - 1.352/389.442 (0.35%) Ref - -
25-29.9 2.741/565.673 (0.48%) 1.20 1.12-1.29 <0.001 3.755/706.788 (0.53%) 1.20 1.12-1.29 <0.001
>30 2.360/467.069 (0.51%) 1.16 1.07-1.25 <0.001 2.000/401.354 (0.5%) 1.20 1.10-1.30 <0.001
Smoke
Non smoker 6.027/1.132.638 (0.53%) Ref - - 4.443/696.081 (0.64%) Ref - -
Current smoker 410/349.736 (0.12%) 0.61 0.54-0.70 <0.001 1.499/543.543 (0.28%) 0.71 0.66-0.75 <0.001
Former smoker 171/124.502 (0.01%) 0.73 0.61-0.88 <0.001 1.165/257.960 (0.45%) 0.82 0.76-0.88 <0.001
MEDEA U1 1.350/287.988 (0.47%) Ref - - 1.382/240.408 (0.57%) Ref - -
MEDEA U2 1.103/269.926 (0.41%) 0.90 0.82-0.98 0.012 1.175/238.592 (0.49%) 0.88 0.81-0.96 0.003
MEDEA U3 1.023/260.739 (0.39%) 0.85 0.78-0.93 <0.001 1.157/237.855 (0.49%) 0.88 0.81-0.96 0.003
MEDEA U4 926/251.115 (0.37%) 0.83 0.76-0.91 <0.001 962/233.894 (0.41%) 0.77 0.70-0.84 <0.001
MEDEA U5 756/222.215 (0.34%) 0.78 0.71-0.85 <0.001 853/226.840 (0.38%) 0.77 0.70-0.84 <0.001
MEDEA R 1.450/314.893 (0.46%) 0.95 0.88-1.03 0.214 1.578/319.995 (0.49%) 0.85 0.79-0.92 <0.001

Abbreviations: PD= Parkinson’s disease; HR= Hazard ratio; CI= Confidence interval; T2D = Type 2 diabetes mellitus; yo = years old; BMI= Body mass index;

MEDEA = Socioeconomical index, U1 less deprive-U5 most deprive, R = rural.

1.70-2.59, respectively) (Table 3).

In women above 65 years old, neither T2D nor prediabetes, were
associated with a higher risk of PD. In men above 65 years of age, no
significant association between T2D and PD risk was found, whereas
prediabetes was associated with a lower risk of subsequent PD (adjusted
HR of 0.82; 95% CI 0.74-0.91; Table 3).

Prediabetes increased the risk of PD during a mean follow-up of 3.8
and 3.2 years in women and men under 65 years old respectively and 2.9
and 3 years in women and men above 65 years old respectively. T2D
increased risk of PD during a mean follow-up of 5.3 and 4.9 years in
women and men under 65 years old respectively and 3.4 and 4 years in
women and men above 65 years old respectively.

Regarding BMI, we observed that both overweight and obesity
conferred a higher risk of subsequent PD (Table 1). In women, the risk of
PD development associated with both overweight and obesity was
higher in those under 65 than in those over 65 years of age, where the
association was lower or negative. In men, overweight and obesity were
associated with a higher risk of subsequent PD in both age groups, with
the youngest showing a slight increase compared to those over 65 years
of age (Table 3). However, in an interaction model analysis, BMI did not
influence the risk of PD associated with prediabetes neither T2D (anal-
ysis stratified by sex; Supplementary material, Table 2).

An association was also found with socioeconomic level too, in terms
of lower rates of PD development among population with lower income
(Tables 1 and 2).

5. Discussion

In this large cohort study, we found an overall higher risk of subse-
quent PD not only in T2D, but also in prediabetic subjects independently
of other factors. When stratifying by sex, prediabetes was a risk factor for
subsequent PD development only in women, and T2D conferred a higher
risk in women relative to men. In the youngest age group (<65 years old)
both T2D and prediabetes were associated with a substantially higher
rate of subsequent PD in both sex categories. Besides, a higher rate of
subsequent PD was observed in overweight and obesity subjects, but
without interaction with either T2D or prediabetes.

Our results on the association between T2D and the subsequent PD
risk were similar to previous prospective studies [4-6], which have led
the Movement Disorders Society to consider T2D as a risk marker for PD,
therefore highlighting its potential importance in the prodromal phase

of PD [17]. T2D HRs in previous studies ranged from 1.19 to 1.32 [5,6].
The differences in relative risks, despite their narrow interval, may be
due, as already postulated by De Pablo-Fernandez et al. [6], to different
populations (Taiwan, London, etc.), different study designs, and differ-
ences in the diagnosis definition of T2D and PD, as well as the covariates
analyzed.

To the best of our knowledge, this is the first study to analyze pre-
diabetes as a risk factor for PD development in a large cohort. A previous
report links prediabetes with subsequent risk of PD in clinically sus-
pected REM sleep behaviour disorder [18] and in LRRK2-PD, predia-
betes was more prevalent than in idiopathic PD or GBA-PD in a small
cohort [19]. Prediabetes is a known risk factor for the T2D development
[20] and it is associated, as T2D, with increased BMI, insulin resistance,
pancreatic B-cell dysfunction and subsequent decrease in insulin secre-
tion [21]. In spite of lower risk for subsequent PD (except in men <65
years) in prediabetes relative to T2D, it is expected that due to its high
conversion rate to T2D [22] in the absence of healthy habits [23] pre-
diabetes may be relevant for the risk of PD. Further studies to support
this hypothesis are warranted.

In women above 65 years old, neither T2D nor prediabetes showed a
difference in the risk rate for subsequent PD; and in prediabetic men
above 65 years old, PD risk decreased. It is difficult to interpret this
finding. It could be hypothesized that both metabolic conditions only
can show its risk effect in younger people with longer time of exposition
or that these elder cases might be somehow protected by other factors.
This outstanding question warrants further research in larger prospec-
tive cohorts.

On the other hand, in our study we have observed a higher risk of PD
in diabetic women compared to men. This finding is consistent with
those from three previously published large cohorts [5,6,24]. These data
contrast with the higher risk of PD classically related to the male sex
[25]. Hormonal factors could be involved, but more research will be
necessary to solve this pending issue.

We observed higher risk of PD in <65 years old both for T2D and
prediabetic groups. Younger T2D individuals have previously been
inconsistently associated with an increased risk for subsequent PD [5,6].
Young subjects with prediabetes are at increased risk of T2D. The dif-
ference in age has been related to greater insulin resistance in older
subjects and to insulin deficiency in younger ones [26]. In turn, lower
insulin values with higher fasting plasma amylin/insulin ratio have been
observed in PD compared to healthy controls, hypothesizing a
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o dissociated insulin and amylin secretion in PD [2]. All this suggests that
o o oo
2 - S 5 S g 8 in younger subjects, metabolic factors such as lower insulin levels and
H s 9 3 9 v 9 possibly genetic factors along with the deposition of amyloid proteins
(which occurs in both T2D and PD [27,28]), as well as a prolonged life
5 § i 5 § § § expectancy allowing more time of exposure, can contribute to this
| 1 I | 1 1 iati
< 5T 58 8 @ association.
% S s o [ s o Overweight and obesity were associated with an increased risk for
] PD development independently of T2D or prediabetes diagnosis. Due to
sl |5 & & g = =2 g 3 3 e - Lo .
B S 2 3 g = = s g & the association between overweight and obesity with T2D and predia-
g betes [29], a relationship between increasing BMI and PD can be ex-
o - g Q pected. Nevertheless, both obesity and underweight have been
; o 5 g9 n o 2 8 5 o 2 associated with PD [30,31]. This contradiction deserves to be explored
gls |2 s ; - E - E - B - @ - ;H? E - 2 - in depth in further studies specifically focused on it.
815 |29 3hn8 b SRR shan 8= Although a higher incidence of PD has been related to lower incomes
AT & BIRCTE a2 HCaTaod [32], other studies have shown inverse relationships as in our results
© o ~ o [33] and/or minor effects between both associations [34]. Difficulties in
2 8 8 8 3 8 8 evaluating socioeconomic status as well as inequalities in access to
> S . T .
a 9 9 9 3 v 9 medical resources and specialized care, as well as to therapies, may
o o« v contribute to these contradictory results.
= S 2 T S 2 The main limitations of the current study are the retrospective design
£ RIS CREN P (although data were collected prospectively) and their validity given the
sl ® = [ s oS reliance on historical diagnostic codes and lack of complete medical
8 ; history nor detailed neurological evaluation. Therefore, the risk of
N N =} n ) — ~ » . 4
1 G o o 19}
§ g g % 2 g I 3 g s & =2 misdiagnosis was mainly with atypical parkinsonisms, especially in
vﬁi @ cases with shorter follow-up. We also emphasize the importance of case
& =] £ attrition during the first year of follow-up after T2D or prediabetes to
N o)) .. . . . .
2 I oz o 2 ¥ 8 g z € -§‘ minimize a chance effect regarding the risk factor that these metabolic
£ ?E 3 2 ¥ 3-8 3 N3 Cﬁ alterations could involve in the subsequent PD diagnosis. We consider
NSRS A 2 2 sRgwg . . R R
- L % E g S f\\r 3 8 EN § 9 5 EN § B % 3 OE E S that the fact of excluding these patients may have minimized the diag-
£18|a $SF385 83-s88 8sms9g|A nostic significance, but favors the notion of T2D and prediabetes as risk
=l v 28282 28208 ©SmnE-E| . g s 1%
B
] factors for the PD development.
g o o e o o 3 These limitations notwithstanding, this is a large cohort study where
s S 3 == g 3 g the multiple imputations performed allowed for a more complete anal-
o
51 ysis. Besides, to our knowledge, this is the first time that BMI has been
= . . . .
. 2 2 o 3 ] B £ added as a confounding variable in the assessment of T2D as a risk factor
3] JE R - R . o
! ! ! ! ! ! ~ for PD. BMI does not appear to modify the association between T2D (and
2 8 & s R & R o
a & = 3 [T s 3 g prediabetes) with PD-risk.
3 o - o o« o T The most noted strength and novelty of this study is the analysis of
218 |2 2 2 T = 2 S 2 2 |g prediabetes as an additional glucose-related metabolism risk marker for
i = PD not previously described in the literature. Furthermore, we confirm
- s 5w ~ § the data on T2D as a risk factor for subsequent PD in our population.
ol E 2 5 § % E 8 § 2 Both metabolic conditions appear to increase the risk especially in
=18 2 k=] . .
g8 N 25%2 %5952 - Ro8c8g| women and in young people. Other strengths relate to the internal
. > S8BT SS5858 2828381 ¢ . . .
8 18 g TR ir\' s ﬁ S SREFES g 2 N ga% é conswtency.of the dl.fferen.t analyses along with the fact tl.lat BMI was
S Al & T8 CBE ~ACdl~C &T&SSC & also taken into consideration and controlled for, suggesting that our
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=} a V.oV vV VAR, = As said above, these links could have a potential pathophysiological,
@ g diagnostic and, above all, therapeutic relevance in the prodromal phase
g
;“ - S 3 AN g & v of PD with regard to recent published studies in relation to the possible
8 § ; g ;K 5 z z § protective role of some oral antidiabetic drugs in PD [7,8].
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
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SUPPLEMENTARY MATERIAL

Table 1. Descriptive results of the entire cohort and non-PD and PD groups

Total No PD PD

Entire cohort 3104460 3090745 13715
Reference cohort | 2556928 (82.36%) | 2546180 (82.4%) | 10748 (78.4%)
T2D 281153 (9.06%) | 279364 (9.04%) 1789 (13.0%)
Prediabetes 266379 (8.58%) | 265201 (8.58%) 1178 (8.59%)
Sex

Women 1606876 (51.8%) | 1600268 (51.8%) | 6608 (48.2%)

Men 1497584 (48.2%) | 1490477 (48.2%) 7107 (51.8%)
Age

<65 yo 2490450 (80.2%) | 2486535 (80.5%) | 3915 (28.5%)

265-74 yo 416967 (13.4%) | 411071 (13.3%) | 5896 (43.0%)

275 yo 197043 (6.35%) 193139 (6.25%) 3904 (28.5%)
BMI

<25 963576 (31.0%) | 960717 (31.1%) 2859 (20.8%)

25-29.9 1272461 (41.0%) | 1265965 (41.0%) | 6496 (47.4%)

230 868423 (28.0%) | 864063 (28.0%) | 4360 (31.8%)
Smoke

Current smoker

893279 (28.8%)

891370 (28.8%)

1909 (13.9%)

Formersmoker | 382462 (12.3%) | 381126 (12.3%) 1336 (9.74%)
Non smoker 1828719 (58.9%) | 1818249 (58.8%) | 10470 (76.3%)
MEDEA index
U1 528396 (17.0%) | 525664 (17.0%) 2732 (19.9%)
U2 508518 (16.4%) 506240 (16.4%) 2278 (16.6%)
u3 498594 (16.1%) 496414 (16.1%) 2180 (15.9%)
va 485009 (15.6%) | 483121 (15.6%) 1888 (13.8%)
us 449055 (14.5%) 447446 (14.5%) 1609 (11.7%)
R 634888 (20.5%) 631860 (20.4%) 3028 (22.1%)

Abbreviations: PD= Parkinson’s disease; T2D= Type 2 diabetes mellitus; yo=

years old; BMI= Body mass index; MEDEA= socioeconomic level in quintiles,

U1 less deprive-U5 most deprive, R=rural.
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Table 2. Interactions of BMI with diabetes and prediabetes in PD relative risk.

ENTIRE COHORT WOMEN (n=6.608) MEN (n=7.107)
(n=13.715) ,
HR 95% CI p HR | 95% p HR 95% ClI p value
value Cl value
T2D-BMI <25 Ref - | - | Ref | - - | Ref - L
T2D-BMI 25-29.9 0.90 0.75- 0.28 | 095 | 0.70- | 0.71 | 0.90 A 0.71-1.14 0.38
1.08 | 197 A
T2D-BMI>30 0.85 0.71- 0.084 | 0.78 | 0.58- | 0.11 | 0.89 | 0.70-1.14 0.36
102 | | 105 | 4
Prediabetes-BMI <25 Ref - = Ref | - - Ref - i
Prediabetes-BMI25-29.9 | 0.84 0.70- 0.074 | 0.82 | 0.63- | 0.14 | 0.89 | 0.67-1.17 0.40
102 | 1.06 A
Prediabetes-BMI>30 0.90 0.75- 0.27 | 092 | 0.72- | 0.52 | 0.87 | 0.65-1.16 0.33
1.09 1.18

Abbreviations: PD= Parkinson’s disease; HR= Hazard ratio; Cl= Confidence interval; T2D= Type 2 diabetes
mellitus; yo= years old; BMI= Body mass index.

Figure 1. The study population selection flow-chart.

SIDIAP Population >40yo

n=3.424.205
@ T1D +other diabetes. n=33.245 I
@ T2D <2006 + >80 yo. n=226.343 |
@ Prediabetes <2006 + >80 yo. n=43.965 |

@ PD exclusion criteria

*PD before T2D or prediabetes. n=2.362

*PD <2006. n=3.668

-Treatment <1year before PD diagnosis. n=1.305
*Atypical + secendary parkinsonism. n=7.591
~Tremor without treatment. n=1.219

+PD before 40yo. n=42

v
Study population
n=3.104.460
A 4
T2D group Prediabetes group Reference cohort
n=281.153 n=266.379 n=2.556.928
Total PD.n=1.789 Total PD.n=1.178 Total PD.n=10.748
PDdiagnosis code.n=1.754 PDdiagnosis code . n=1.149 PD diagnosis code . n= 10.608
DLB'.n=6 DLB'.n=4 DLB'. n=30
Tremor'. n=29 Tremor'. n=25 Tremor'.n=110
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Abbreviations: yo= years old; T1D= Type 1 diabetes mellitus; T2D= Type 2 diabetes mellitus; PD= Parkinson’s
disease; DLB: Dementia with Lewy bodies; ' adding dispensing of levodopa or dopamine agonists for at least 1

63



V. DISCUSION

ZoWoo) zZoyoues euspnuy :1od juswebip jeubis juswnoo(

64



Document signat digitalment per: Almudena Sanchez Gomez

DISCUSION

Los trabajos presentados en esta tesis doctoral pretenden profundizar y
aportar nueva informacidbn en la relacién tanto clinica como
epidemioldgica de los diferentes indicadores del MG y de la propia DM?2
en la EP. Evaluamos diferentes metabolitos relacionados tanto analitica
como anatomopatolégicamente con la DM2 para determinar cuales se
relacionan mads estrechamente con la EP y valorar la correlacion de éstos
con los sintomas motores y no-motores de la enfermedad. Ademas,
ampliamos el conocimiento sobre la asociacién de la DM2, introduciendo
el analisis del estado prediabético, en las fases pre-diagndsticas de la EP
por su potencial papel como factor de riesgo para el desarrollo posterior
de la enfermedad.

En el primer trabajo, evaluamos la presencia de diferencias en los niveles
sanguineos en ayunas de las moléculas principales del MG en la EP
respecto a sujetos controles sin la enfermedad: glucemia e insulinemia, asi
como la HbAlc, y afiadimos también el analisis de la amilina plasmatica.
Este es el primer estudio en el que se describe en la literatura el andlisis de
la amilina plasmatica en sujetos con EP [47, 53-57]. Se ha dedicado una
editorial sobre este primer articulo de la presente tesis doctoral que se
adjunta en el anexo 1.

En primer lugar, los resultados de este trabajo sugieren que los sujetos
con EP presentan unos niveles de insulina plasmatica en ayunas inferior a
los sujetos sin la enfermedad, habiendo excluido en todos ellos el
diagndéstico de DM2 u otras formas de diabetes. Pese a que en la literatura
se ha estudiado ampliamente la Rl en la EP, hay pocos precedentes de
valoracion de los niveles de insulina plasmatica en ayunas en sujetos con
EP. Algunos trabajos previos no han observado diferencias en los niveles
de esta hormona [53, 56], pero por contra, ha habido trabajos que han
sugerido la presencia de un déficit de insulina en la EP relacionado con
una ausencia del aumento de insulina esperado ante mayores niveles
glucémicos [47, 56]. La mayoria de la insulina cerebral proviene de la
periferia (produccién pancreatica)  atravesando la barrera
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hematoencefalica, y se han correlacionado los niveles plasmaticos de
insulina con los niveles de ésta en LCR [45]. Por ello, a pesar de no
disponer de los niveles en LCR, teniendo en cuenta esta correlacidon se
podria hipotetizar que los menores niveles de insulina plasmatica en la EP
se asociarian también a menores niveles de insulina cerebral.

Como describimos anteriormente, la EDI que degrada a la insulina y a las
proteinas amiloides, se encuentra regulada por la propia insulina. La EDI
interacciona con la aS [38] y es capaz de prevenir su agregacion [39].
Menores niveles de insulina traducirian una menor activacion de la EDI
con una consecuente menor degradacion y por tanto mayor acumulo de
amiloide de aS.

En cuanto a los niveles de amilina plasmatica, observamos niveles
incrementados en los sujetos con EP de mayor edad respecto a los
controles de la misma franja de edad. En la DM2 se han encontrado
niveles mas bajos de amilina. No obstante, estos se han relacionado con la
insulinoterapia. Los sujetos con DM2 y mayores niveles de amilina parecen
ser los que no reciben insulina. Ademas, se han observado niveles mas
altos de amilina en sujetos sanos no diabéticos con intolerancia oral a la
glucosa [102]. Dentro del grupo de los controles, observamos menor
amilina en el subgrupo de mayor edad respecto a los controles mas
jovenes.

Asi como en el envejecimiento se han observado niveles mas bajos de
insulina por pérdida de la funcidn de las células B pancreaticas [103], el
efecto del envejecimiento sobre los niveles de amilina es controvertido
[104, 105]. Dada la co-secrecion pancredtica de ambas hormonas y la
interregulacion entre ellas [29, 30], podriamos considerar por nuestros
resultados que quizas la amilina sigue el mismo proceso que la insulina, es
decir, disminuyendo sus niveles con el envejecimiento normal debido a
una menor produccién relacionada con la pérdida de células B
pancredticas.

Como se ha comentado previamente, estudios moleculares in vitro vy
patoldgicos han observado una interacciéon entre la amilina y la aS [37]
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qgue podria ser unidireccional, favoreciendo la presencia de amilina Ia
formacion de amiloide de aS pero no a la inversa [27].

En esta linea, se ha documentado la capacidad de la amilina periférica de
atravesar la barrera hematoencefalica y también la asociacién entre
hiperamilinemia con depdsitos de amiloide de amilina cerebral en
estudios de experimentacion animal [106]. Ademas, se ha sugerido a la
hiperamilinemia como factor de riesgo en el desarrollo de la EA [34].
Considerando estos hechos, podriamos hipotetizar que nuestros hallazgos
de niveles de amilina plasmatica mas elevados en la EP podrian conducir a
un mayor depdsito de amilina a nivel cerebral y por tanto a una mayor
interaccion con la aS, promoviendo su agregacion y progresion de la
enfermedad.

Ademas de los menores niveles de insulina plasmatica en ayunas en la EP,
observamos una mayor ratio de amilina/insulina plasmatica en ayunas la
EP respecto a los controles. En conjunto con los resultados por separado
ya descritos de los niveles plasmaticos de insulina y amilina, debido a la
co-secrecion de ambas hormonas en las células B pancreaticas, esta ratio
podria ser una medida de disociacidn en la secrecion de insulina y amilina
en pacientes con EP.

La asociacion de la DM2 con una mayor severidad de la EP habia sido
previamente documentada. Principalmente la DM2 se ha asociado a
mayor afectacion motora (con fenotipos mas graves de inestabilidad
postural y trastorno de la marcha) y cognitiva, asocidandose a mas
prevalencia de demencia [46, 82, 83, 87, 88]. La Rl, por su parte, se ha
correlacionado con un mayor deterioro cognitivo de la enfermedad [84,
85]. En nuestra cohorte, consideramos no haber encontrado estas
asociaciones de forma directa debido principalmente tanto a ser la DM2
un criterio de exclusién como a no haber presentado una Rl los sujetos
con EP (niveles de HOMA-IR normales).

No obstante, en nuestro trabajo observamos en los sujetos con EP una
correlacién modesta pero significativa en la asociaciéon entre los niveles de
HOMA-IR y una mayor afectacion no-motora en base a mayores
puntuaciones en la escala NMSS. Asociaciones similares, como el sindrome
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metabdlico y la propia Rl, se han relacionado con una mayor afectaciéon de
los sintomas no-motores tanto en estudios experimentales con animales
[107] como en humanos siendo los dominios animicos, perceptivos,
sexuales, gastrointestinales y miscelanea los asociados con el sindrome
metabdlico [108]. La confirmacion del efecto negativo de la Rl sobre los
sintomas no-motores y su mecanismo subyacente debera analizarse de
forma especifica.

En el segundo articulo, objetivamos un mayor riesgo de EP posterior no
solo en la DM2, sino también en sujetos prediabéticos
independientemente de otros factores. Los sub-analisis tanto por edad
como por sexo demostraron que las mujeres y los sujetos jovenes
menores de 65 anos presentan un riesgo mucho mas elevado de
desarrollo de EP en relacidon tanto a DM2 como a prediabetes. Ademas,
observamos un riesgo de desarrollo de EP posterior asociado al sobrepeso
y la obesidad de forma independiente a la DM2 y a la prediabetes. Este
segundo articulo de la presente tesis doctoral motivd una carta de otros
autores en referencia a los resultados obtenidos. Nuestra correspondencia
en respuesta a la carta la adjuntamos en el anexo 2.

La asociacion entre la DM2 vy el riesgo posterior de EP ha sido
documentada previamente en la literatura con resultados similares a los
obtenidos en nuestro estudio [70,72,74-79]. Estos resultados han llevado
a la MDS a considerar la DM2 como un marcador de riesgo de EP,
destacando asi su potencial importancia en la fase prodrémica de la EP [7].
No obstante, este es el primer estudio en el que se describe el andlisis de
la prediabetes como un marcador adicional de riesgo en la fase
prediagndstica de la EP.

En la linea de la prediabetes como posible marcador de riesgo en la EP
prodréomica, un estudio previo asocio el estado prediabético con el riesgo
de EP posterior en el trastorno de conducta del suefio REM posible
(evaluado por cuestionarios, no por polisomnografia) [109]. Y, aunque no
como marcador de riesgo, se ha descrito previamente en la literatura que
sujetos con la EP de reciente diagndstico y sin tratamiento dopaminérgico,
ya presentan niveles de glucemia en ayunas diagndsticos de prediabetes,
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sugiriendo por lo tanto su posible relacion en fases tempranas de la
enfermedad [51].

El aumento de riesgo para el desarrollo posterior de EP debido a la
presencia de DM2 en sujetos jévenes habia sido descrito previamente [62,
75, 78]. A nivel endocrinolégico, se ha asociado a los sujetos jovenes
prediabéticos con un mayor riesgo de desarrollo de DM2 debido a déficits
de insulina, contrariamente a lo que sucede en sujetos mas mayores
donde predomina la mayor RI [110].

Ademads, nuestros resultados muestran un mayor riesgo de EP en las
mujeres tanto con DM2 como con prediabetes. Estos hallazgos son
similares a los observados en la mayoria de la literatura en relacién a la
DM2 [62, 70, 75-78]. Es importante recordar que, cldsicamente, se ha
relacionado un mayor riesgo de EP en el sexo masculino. Por contra, la
asociacion de las alteraciones metabdlicas y el riesgo que comportan en el
desarrollo de EP posterior es mas acusada en el sexo femenino. Por ello,
deberian analizarse especificamente los factores fisiopatoldgicos
implicados en el aumento de esta asociacion epidemiolégica en la mujer.

Asi mismo, constatar que tanto el sobrepeso como la obesidad se
asociaron en nuestro trabajo con un mayor riesgo de desarrollo de EP
independientemente del diagndstico de DM2 o prediabetes. La relacion
entre aumento de IMC y la EP ha sido ampliamente discutida,
observdandose resultados contradictorios [111, 112]. Debido al vinculo
establecido entre el sobrepeso y la obesidad con la DM2 y la prediabetes,
consideramos nuestros resultados concordantes en este aspecto [113].

Como hemos visto a lo largo de la discusion, las alteraciones del MG estdn
presentes en la EP, y los estados prediabéticos o diabéticos comportan un
riesgo para el posterior desarrollo de la enfermedad. Las alteraciones
analiticas mas destacables son los menores niveles plasmaticos en ayunas
de insulina junto con un aumento de amilina. Los pacientes con
prediabetes o DM2, especialmente de sexo femenino y los jévenes,
asocian un mayor riesgo de desarrollo de EP posterior.

Una hipdtesis plausible (representada esquematicamente en la figura 2)
en base a los resultados obtenidos en los trabajos de la presente tesis
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doctoral aunando la literatura previa en este campo, empieza al objetivar
en nuestro medio que son los sujetos jovenes con prediabetes y DM?2
aquellos con un mayor riesgo de desarrollo posterior de EP. Los factores
metabdlicos como niveles mas bajos de insulina y posiblemente factores
genéticos junto con el depdsito de proteinas amiloides [27,37], asi como
una esperanza de vida prolongada que permite mds tiempo de exposicion,
podria contribuir a esta asociacidon. Consideramos, por lo tanto, en base a
la literatura, que estos sujetos jovenes presentan menores niveles de
insulina que predisponen al desarrollo de la DM2 [21, 110].

Como se ha descrito en la literatura, los menores niveles de insulina
conllevan a una menor activaciéon de la EDI, pudiendo comportar a su vez
una mayor agregacion de aS [38, 39]. Los menores niveles de insulina
junto con mayores niveles de amilina, como hemos descrito en nuestro
trabajo, pueden estar intimamente relacionados debido a la co-secrecidn
de ambas hormonas en las células B pancreaticas con diversas funciones y,
entre ellas, la del mantenimiento de la euglicemia [29, 30]. Estos mayores
niveles de amilina junto con menores niveles de insulina comportan un
aumento de la ratio amilina/insulina que traduciria una disociacion en la
secrecion pancreatica de ambas proteinas en la EP. También se considera
que la amilina pueda llegar a inhibir indirectamente la secrecion de
insulina, autorregulandose entre ambas hormonas a nivel pancreatico
[114]. Por ultimo, los mayores niveles de amilina comportarian también
una mayor agregacion de aS, influyendo de esta manera en la progresion
de la EP [27].
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FIGURA 2. HIPOTESIS DE LA RELACION ENTRE LA DM2 Y LA EP: LA TEORIA DE LAS
PROTEINAS AMILOIDES Y EL DEFICIT INSULINICO. DIAGRAMA PROPUESTO.
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CONCLUSIONES

1.

2.

En nuestra cohorte clinica, los pacientes con enfermedad de
Parkinson presentan un metabolismo de la glucosa alterado
respecto a los controles, destacando menores niveles plasmaticos
de insulina y, en los sujetos de mayor edad, niveles mas elevados de
amilina plasmatica.

Asi mismo, hemos encontrado una asociacion
entre resistencia creciente a la insulina y mayor sintomatologia no-
motora en la enfermedad de Parkinson.

En nuestro estudio epidemioldgico de la poblacidon catalana, tanto la
diabetes mellitus tipo 2 como la prediabetes son factores de riesgo
de la enfermedad de Parkinson.

Esta susceptibilidad al desarrollo de la enfermedad de Parkinson en
presencia de diabetes mellitus tipo 2 y prediabetes es mds acusada
en mujeres y sujetos jovenes.
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It is still a matter of debate whether diabetes increases the risk for
Parkinson’s disease (PD). Altogether, prospective cohort studies suggest
an increased risk, while case-control studies have found the opposite [1,
2]. Having said this, PD patients with concomitant diabetes show more
severe disease and more rapid disease progression [3-5]. At the same
time, epidemiological studies have reported a reduced incidence of PD
in diabetes patients receiving dipeptidyl peptidase-4 inhibitors or thia-
zolidinediones for their diabetes [6,7]. In addition, a small,
mono-centric, randomized, placebo-controlled treatment trial has
shown a 3.5 point difference after 60 weeks on MDS-UPDRS motor OFF
scores in favor of exenatide, a glucagon-like peptide 1 agonist that is
approved for the treatment of diabetes [8].

Despite the increasing interest in the potential association between
diabetes and PD in epidemiologic studies, not much is known about
peripheral glucose metabolism in PD patients. Intriguingly, elevated
plasma glucose concentrations predicted a lower risk for PD in one study
[9]. Another study found insulin resistance as defined by a Homeostatic
Model Assessment for Insulin Resistance (HOMA-IR) value > 2.0 or a
glycated hemoglobin (HbAlc) concentration > 5.7% in almost 60% of
PD patients, with body mass index being a main driver of this obser-
vation [10]. Finally, a small, preliminary study using the
hyperinsulinemic-euglycemic clamp technique, the gold standard to
measure insulin sensitivity, found similar metabolic patterns in eight
untreated de-novo PD patients compared to eight matched controls,
except for slightly higher hepatic insulin resistance in PD patients.

In the October issue, Sanchez-Gomez et al. are reporting plasma
levels of fasting glucose, fasting plasma insulin (FPI), fasting plasma
amylin (FPA) and glycated haemoglobin in a cohort of 76 PD patients
and 39 control subjects [11]. In addition, they have looked for potential
associations  between peripheral glucose metabolism  with
motor/non-motor symptoms and cognition in PD patients. None of the
assessed markers was in favor of insulin resistance in PD patients, i.e.
fasting glucose, glycated haemoglobin and HOMA-IR did not differ be-
tween groups. FPI levels were even lower in PD patients compared to
controls, rather suggesting higher insulin sensitivity than insulin resis-
tance. The HOMA-IR was moderately correlated to non-motor
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symptoms, with no association found with cognition or motor
symptoms.

The authors further assessed blood amylin protein levels in PD pa-
tients. Indeed, amylin aggregates are found in the pancreas of diabetes
patients [12] and an interaction between amylin and protein aggrega-
tion has been suggested in neurodegenerative diseases. For instance,
amylin deposits have been found in Alzheimer’s disease (AD) brains,
co-localizing with amyloid beta and tau deposits [13,14]. An U-shaped
relation has further been observed between plasma amylin levels and AD
risk, with high amylin levels being protective compared to low and
extremely high levels [15]. Another study found no differences in
plasma and cerebrospinal fluid amylin levels between AD patients and
controls, but observed distinct association patterns between amylin, tau
and beta amyloid levels in AD patients compared to controls [16].
Pertaining to PD, preformed amylin amyloids promote the formation of
a-synuclein amyloids in vitro and a-synuclein aggregates have been
found in the pancreas of patients suffering from PD or Lewy body de-
mentia, with some evidence suggesting a possible interaction between
amylin and a-synuclein in patients bearing pancreatic phosphorylated
a-synuclein inclusions [17,18]. While Sanchez-Gomez et al. have found
no difference in FPA levels between controls and PD patients, the
amylin/insulin ratio (FPAIR) was higher in the latter. The authors
interpret this result as a dissociation between insulin and amylin
secretion in PD, which are physiologically co-secreted by pancreatic
beta cells [12]. Noteworthy, non-obese diabetes patients without insulin
therapy show a lower FPAIR compared to controls and subjects with
impaired glucose tolerance because of increased FPI levels [19]. Given
the potential negative effect on a-synuclein aggregation in the pancreas
and also in the brain of PD patients, it is worth to more closely explore
the interaction between amylin and a-synuclein in future studies.

In conclusion, Sanchez-Gomez and colleagues provide here impor-
tant data about peripheral glucose metabolism and plasma amylin levels
in PD patients. They show some dysregulation without clear evidence for
peripheral insulin resistance in PD patients. Altogether, the results are
challenging those of previous studies and call for additional evidence to
determine if peripheral insulin resistance is a relevant feature in PD
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patients. Most importantly, the findings point to a relative upregulation
of pancreatic amylin secretion with potential impact on the neurode-
generative process in PD.
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There are several reports in the literature showing an epidemiological and clinical association between type 2
diabetes mellitus and Parkinson’s disease (PD). This notwithstanding, many aspects of the pathophysiological
links between both diseases remain elusive. Filling this knowledge gap is important to address issues such as

::;111; whether some antidiabetic drugs can be potential disease-modifying agents in PD.
Dear Editor, metformin alone was associated with a higher risk of PD development.

We appreciate the comments made by Dr Cerasa and Dr Pagano on
their letter Sweet as Parkinson’s disease: rethinking the impact of diabetes
mellitus. As these authors say, advances in research into the link between
type 2 diabetes mellitus (T2D) and Parkinson’s disease (PD) has gained
growing interest in recent years.

In addition to the mechanisms previously shown to be shared by both
conditions, such as inflammation, oxidative stress and dopaminergic
dysfunction caused by chronic hyperglycemia, higher levels of fasting
plasma amylin in old PD patients compared to controls of the same age
might be new player [1]. Amylin is the protein of amyloid deposit of T2D
and is co-secreted with insulin in the pancreatic p-cells. Both hormones
share roles in regulating blood glucose levels, and amylin has been
implicated also in the inhibition of insulin secretion. We have observed
lower fasting plasma insulin levels in PD subjects compared to controls.
The higher fasting plasma amylin/insulin ratio observed in PD subjects
compared to controls therefore suggested a dissociation in insulin and
amylin secretion in PD patients [1].

An in vitro work has shown that the presence of amylin accelerates
the amyloid formation of a-synuclein (aS), but not the other way around,
which suggests an in vitro justification of a unidirectional link with an
influence of T2D on PD [2]. Besides, a pathological study found deposits
of phosphorylated aS in pancreatic f cells from subjects with a neuro-
pathological diagnosis of a-synucleinopathy, and also revealed a direct
interaction between amylin and aS [3]. Therefore, a possible
up-regulation of amylin could have an impact on neurodegeneration
through the aS pathway.

Due to shared biological mechanisms between T2D and PD in addi-
tion to the positive clinical and epidemiological associations described,
currently an interesting hypothesis is that of a potential neuroprotective
role of antidiabetic drugs in PD.

Different studies have analyzed the effect of oral antidiabetics in PD.
The thiazolidinediones group has been analyzed in a clinical trial
following positive preliminary studies, where pioglitazone at different
doses did not show a significant benefit on the motor symptoms of pa-
tients with early PD. With other oral antidiabetic drugs, in retrospective
studies, the results have been contradictory: the combination of met-
formin and a sulphonylurea suggested a lower risk of PD, while

https://doi.org/10.1016/j.parkreldis.2021.10.017
Received 3 October 2021; Accepted 16 October 2021
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Despite this, animal models with metformin have suggested a neuro-
protective effect by decreasing neurodegeneration and aS aggregation
[4].

One of the antidiabetic drugs that has attracted attention in recent
years is exenatide (glucagon agonist like-peptide 1), due to the positive
result in a clinical trial where a slight motor improvement was observed
in the OFF state [5]. In post hoc analyzes, the best motor response to
exenatide occurred in subjects with a dominant tremor phenotype and
lower scores on the MDS-UPDRS scale [6].

Regarding the possible insufficient secretion of insulin in patients
with PD [1], another potential avenue in therapeutics is considering
insulin-releasing drugs over insulin-sensitizing drugs. In preliminary
studies conducted in animal models intranasal insulin treatment was
observed to reduce motor impairment and cell death of dopaminergic
neurons, and treatment was also associated with an improvement in
striatal mitochondrial function. In 2019, a pilot clinical trial with 16 PD
subjects evaluated the effects of insulin on daily intranasal administra-
tion for 4 weeks. Besides proving safe, intranasal insulin showed an
improvement in motor impairment and a possible positive effect on
cognitive function compared to baseline and placebo, respectively [7].

Further prospective multicenter clinical trials with metformin and
insulin in prodromal and/or early PD might help to determine their
potential neuroprotective effect in humans.
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