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ABREVIATURAS

SC Sindrome de Cushing

ACTH Hormona adrenocorticotropa

GC Glucocorticoides

TNFa Factor de necrosis tumoral o

IL-6 Interleuquina-6

PCR Proteina C reactiva ultrasensible

STNF-R1 Receptor 1 soluble del factor de necrosis tumoral a
STNF-R2 Receptor 2 soluble del factor de necrosis tumoral o
IMC Indice de masa corporal

DEXA Dual-Energy X-Ray Absorptiometry

GH Hormona de crecimiento

IGF-1 Factor de crecimiento insulinico tipo 1

TSH Hormona estimulante de la tiroides (tirotropina)
FT4 Tiroxina libre

NCEP National Cholesterol Education Program

ATP-I1I Adult Treatment Panel 11l

HDL Lipoproteinas de alta densidad

LDL Lipoproteinas de baja densidad

Total PLNP  Total amino-terminal propeptide of type 1 procollagen
B-Crosslaps  Carboxy-terminal telopeptide

HOMA Homeostasis Model Assessment

CVv Coeficiente de variacion

CMO Contenido mineral 6seo



DMO
PA
AMP

11p-HSD1

Densidad mineral 6sea
Presion arterial
Adenosin monofosfato

11B-hidroxiesteroide dehidrogenasa tipo 1
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Definicion, prevalencia y etiologia del sindrome de Cushing

El sindrome de Cushing (SC) comprende el conjunto de signos y sintomas ocasionados
por un incremento en las concentraciones sanguineas de cortisol.

El SC enddgeno es una entidad muy rara, no asi el SC iatrogénico o exdgeno, que es la
causa mas frecuente de SC, teniendo en cuenta la prescripcion frecuente de
glucocorticoides. La prevalencia de la enfermedad de Cushing (que es la causa mas
frecuente de SC enddgeno) en Espafia se calcula en 39,1 casos por millon de habitantes,
mientras que la incidencia de nuevos casos es de 2,4 casos por millon de habitantes y
afio (1), lo que supondria unos 100 casos nuevos cada afio en todo el pais. Dada su baja
incidencia, existen pocos estudios con numero suficiente de casos como para ser
informativos, lo que hace recomendable la revision de la casuistica de los centros con
mas experiencia. EI SC es mas frecuente en mujeres que en hombres, con un ratio de 3-
5:1(2).

En la mayoria de los casos el SC es dependiente de corticotropina (ACTH-dependiente;
comprende el 80% de los casos), debido a un exceso de produccion de ACTH por un
tumor hipofisario (enfermedad de Cushing, 70%) o por un tumor de origen ectdpico
(10%). Menos frecuentemente, el SC es ACTH-independiente (20% de los casos), como
resultado de un exceso de produccién de cortisol por un adenoma suprarrenal (10%) o

carcinoma (8%), y menos frecuentemente por una hiperplasia bilateral (2%).

Cuadro clinico y su relacion con el sindrome metabdlico
Los pacientes sufren, entre otras manifestaciones, obesidad de distribucion central,
hipertension arterial, dislipemia e intolerancia a la glucosa o diabetes, ademés de

aumento de factores pro-coagulantes, todos ellos componentes del Ilamado sindrome
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metabolico, que se asocia a un elevado riesgo cardiovascular (3,4). Ninguno de estos
sintomas es suficientemente especifico del SC, son sintomas muy prevalentes en la
poblacion general, cosa que dificulta el diagnostico de la enfermedad. De hecho, el
sindrome metabdlico constituye una de las grandes epidemias del siglo XXI. Su relacién
con las enfermedades cardiovasculares hacen de su estudio una prioridad sanitaria. Una
de las hipotesis que intentan explicar el desarrollo del sindrome metabolico es la
alteracion en la regulaciéon hipotalamo-hipo6fiso-suprarrenal (5). Una mala adaptacion a
las situaciones de estrés, con una inadecuada supresién de la sintesis de ACTH mediada
por el cortisol, favoreceria una accion corticoidea excesiva y podria dar lugar a las
manifestaciones asociadas (6,7). El extremo méximo de la alteracion en la
retroalimentacion negativa en el eje corticotropo esta representado por los tumores

productores de ACTH o cortisol, que dan lugar al sindrome de Cushing.

Sindrome de Cushing y mortalidad cardiovascular

Los estudios méas antiguos muestran una mortalidad superior al 50% a los 5 afios en los
pacientes con SC, con una alta prevalencia de enfermedad aterosclerdtica, a pesar de
tratarse de sujetos jovenes (8). En los afios 80, la supervivencia después de la
adrenalectomia estaba en torno al 79% a los 5 afios y al 72% a los 10 afios, con un 55%
de muertes de causa cardiovascular (9). Desde entonces, las medidas terapéuticas de que
se dispone han mejorado sustancialmente y consecuentemente también ha mejorado el
pronostico de los pacientes (10-12). Se ha descrito una mortalidad 4 veces superior a la
de la poblacion general, principalmente de causa cardiovascular (1), aunque hay otros

estudios que no encuentran un aumento de dicha mortalidad (13,14).
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Persistencia de morbilidad tras la curacion del SC

Un estudio reciente realizado en pacientes con SC muestra que, a pesar de la curacion
del hipercorticismo, puede persistir un aumento del riesgo cardiovascular y ateromatosis
carotidea hasta 5 afios después de la curacion (15). Sabemos que en pacientes con SC en
fase activa, asi como en situaciones que requieren un tratamiento prolongado con GC
exogenos, se produce una alteracion de la composicion corporal, principalmente
aumento de la masa grasa de distribucion central, y disminucién de la masa magra y
6sea (16-20). Sin embargo, poco se conoce sobre la composicion corporal en pacientes
con SC tras curacién a largo plazo. Se asume que tras la resolucion del hipercorticismo
se produce una normalizacion de la composicion corporal; se ha descrito una
disminucion de la masa grasa en la fase inicial de recuperacion tras cirugia curativa en
pacientes con SC (21,22). Sin embargo, pacientes que han sufrido un SC, ya sea
enddgeno o exdgeno, a menudo se quejan de persistencia de obesidad, principalmente
de distribucion central, a pesar de estar curados, o en el caso del SC exdgeno, a pesar de
haber abandonado el tratamiento corticoideo.

Algunos estudios muestran una recuperacion completa de la masa dsea tras la curacion
del SC (23-25); sin embargo, otros muestran una recuperacion incompleta (26-28), y no
esta claro el tiempo necesario para conseguir la recuperacion total de la masa 6sea. En
los dltimos afios se ha despertado un gran interés sobre el efecto de la sustitucion
prolongada con glucocorticoides sobre el hueso en enfermedades endocrinoldgicas,
como el déficit de 21-hidroxilasa o la insuficiencia suprarrenal primaria (29-31). La
optimizacion de la terapia de sustituticion con GC resulta dificil, ya que la
administracion oral de los farmacos que disponemos en la actualidad a menudo no
simula el ritmo circadiano endogeno, ademas el tratamiento oral resulta dificil de

monitorizar (32,33). Los pacientes con SC, sobre todo cuando el tratamiento ha sido un
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éxito, a menudo presentan una fase de insuficiencia suprarrenal, requiriendo sustitucién
con glucocorticoides durante un periodo variable de tiempo, que en ocasiones se ha de
mantener de por vida. Se desconoce si esta exposicion a glucocorticoides exdgenos,
aparte del efecto del hipercortisolismo enddgeno, tiene algun efecto sobre la masa 6sea
en aquellos pacientes con SC curado.

La concepcidn del tejido adiposo ha cambiado con el tiempo; asi como anteriormente se
le consideraba un almacén de la energia sobrante, actualmente sabemos que el tejido
adiposo es un importante 6rgano endocrino. Los factores secretados por el tejido
adiposo son las adipoquinas, que intervienen en la regulacion de la accion de la insulina,
en la homeostasis energética, en la inflamacion y otros procesos fisiologicos. Se han
descrito cambios en la secrecién de adipoquinas en situaciones como la obesidad o
diabetes tipo 2, con un aumento de los niveles de TNFa, IL-6 y PCR, entre otros, y una
reduccion de los niveles de adiponectina (34). Sin embargo, no existen datos sobre los
niveles de adipoquinas en pacientes con SC tras curacién a largo plazo. Las
adipoquinas, que ya hemos mencionado que tienen efectos sobre la inflamacion, la
aterosclerosis y la resistencia a la insulina, podrian ser el nexo de unién entre la grasa y
la enfermedad cardiovascular (35). Los niveles plasmaticos de IL-6, STNF-R1 y STNF-
R2 se correlacionan de forma positiva, y la adiponectina se correlaciona de forma
negativa con la grasa corporal y la resistencia a la insulina (36,37). Estas adipoquinas se
relacionan de forma significativa con un incremento del riesgo de enfermedad coronaria

(38-41).

Por tanto, aungue existen datos que apuntan hacia una mayor prevalencia de factores de
riesgo cardiovascular (42), como los que se encuentran en el sindrome metabolico, y un

incremento en la mortalidad de los pacientes con sindrome de Cushing (1), los estudios
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realizados hasta ahora presentan algunos inconvenientes fundamentales: A) La mayoria
no incluyen pacientes con hipercorticismo de origen extrahipofisario; B) El grupo
control no ha sido obtenido de la poblacién general, sino que, mayoritariamente se
seleccionan sujetos sin hipertension ni enfermedad cardiovascular previas, lo que podria
magnificar falsamente las diferencias entre los grupos; y C) No existen estudios
recientes que valoren el riesgo cardiovascular de estos pacientes pasados los 5 afios de

su curacion.
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HIPOTESIS

Los pacientes con SC en fase activa manifiestan componentes del sindrome metabdlico,
exhibiendo mayor riesgo y morbi-mortalidad cardiovascular que la poblacién general.
Se ha demostrado que el aumento del riesgo cardiovascular puede persistir hasta 5 afios
después de la curacion del SC. Esta persistencia del riesgo cardiovascular, a pesar de la
curacion, puede estar mediada por la persistencia de una composicion corporal anémala,
principalmente por un aumento de la grasa de distribucion central, que ocasionaria una
mayor secrecion de moléculas inflamatorias (como IL-6 y TNFa) y una reduccion de
moléculas con propiedades antiinflamatorias, como la adiponectina. Este perfil
desfavorable ocasionaria dafio vascular y por tanto, aterosclerosis y enfermedad

cardiovascular.
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OBJETIVOS

1-

Evaluar la composicion corporal (masa magra, masa grasa total y troncular, y
masa y densidad mineral dseas) en pacientes con SC tras curacion a largo plazo
y compararla con pacientes con SC en fase activa y con controles sanos

apareados por edad, sexo e IMC.

Determinar los niveles de adipoquinas con actividad inflamatoria y otras con
actividad antiinflamatoria en pacientes con SC tras curaciéon a largo plazo y

compararlos con pacientes en fase activa y con controles sanos.

Determinar la presencia de factores de riesgo cardiovascular (hipertension
arterial, diabetes, insulinoresistencia, dislipemia) en pacientes con SC tras
curacion a largo plazo y compararlos con pacientes en fase activa y en controles
sanos. Analizar el porcentaje de pacientes que cumplen criterios de sindrome
metabdlico en los 3 grupos de pacientes, y también analizar cada criterio de

forma individual.

Evaluar el efecto del hipercortisolismo enddgeno y del tratamiento sustitutivo

con glucocorticoides sobre la composicién corporal en pacientes con SC curado.
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MATERIAL Y METODOS
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Pacientes

Se incluyeron como pacientes todos aquellos con diagnéstico de SC enddgeno, bien por
adenoma hipofisario (enfermedad de Cushing) o adenoma(s) suprarrenal(es), sin limite
de edad, controlados en el Hospital de Sant Pau desde 1982. Se excluyeron aquellos
pacientes con carcinomas adrenales o tumoraciones de origen ectépico dado su peor
prondstico. Se identificaron un total de 96 pacientes con SC, de los cuales 5 habian
fallecido y 30 se perdieron durante el seguimiento (incluyendo aquellos pacientes
procedentes de otras regiones de Espafia operados en nuestro hospital y que tras
conseguir la remision del hipercortisolismo continuaron con el seguimiento por sus
anteriores médicos). De los pacientes restantes, 10 eran hombres y 51 mujeres. De los
hombres, la edad media era de 45 afios, 7 estaban en remision y 3 en fase activa de la
enfermedad. De las mujeres, la edad media era de 48 afios, 37 en remision y 14 en fase
activa.

En los articulos 1| y 11 se incluyeron Unicamente a las mujeres con SC (37 en remision y
14 en fase activa), excluyéndose del estudio a los hombres dada la escasez y
heterogeneidad de la muestra. Todos los pacientes firmaron un consentimiento
informado después de la aprobacion del estudio por el comité ético del hospital. De las
14 mujeres con SC en fase activa, la edad media era de 46+12 afios, 4 de ellas tenian
una recidiva de la enfermedad, 13 eran de origen hipofisario y 1 de origen adrenal. De
las 37 mujeres en remision, la edad media en el momento del estudio era de 50+14 afios,
mientras que la edad en el momento del diagnostico del SC era de 36+12 afios. La
duracion media de la curacion hormonal que comprende desde la normalizacion del
cortisol hasta la fecha del estudio fue de 11+6 afios (rango: 0.7-22 afios). Unicamente 1

paciente desarrollo los sintomas a la edad de 9 afios, mientras que el resto los iniciaron a
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la edad adulta. En las pacientes con tumoracién suprarrenal se les realizd una
suprarrenalectomia unilateral, excepto en 1 que requirio suprarrenalectomia bilateral. A
26 pacientes con tumoracion hipofisaria se les practicO cirugia por abordaje
transesfenoidal y a 1 una suprarrenalectomia bilateral inicial. Siete pacientes requirieron
una segunda cirugia (6 abordaje transesfenoidal y 1 suprarrenalectomia bilateral) y 2
una tercera cirugia (suprarrenalectomia bilateral). Diez pacientes recibieron
radioterapia. Dieciséis mujeres eran postmenopdusicas y 21 premenopdusicas. La
duracion media del hipercortisolismo enddgeno fue de 70 meses (rango: 13-241 meses).
Se consideré la duracion del hipercortisolismo endégeno como el periodo comprendido
entre el inicio de los sintomas (tal y como referian los pacientes) y el diagnostico del SC
mas el periodo de tiempo entre el diagndstico y la remision del hipercortisolismo
después del tratamiento. En el articulo 1l también se incluye la duracion media del
tratamiento con GC que fue de 42 meses (rango: 2-420 meses). La hidrocortisona oral
fue el farmaco utilizado de 2 a 3 veces diarias como terapia sustitutiva en todos los
casos que asi lo requirieron. La dosis media de GC fue de 20 mg/dia. La duracion del
tratamiento con GC se defini6 como el periodo de tiempo en meses que los pacientes
requirieron terapia sustitutiva con GC; en aquéllos todavia en tratamiento con GC, la
duracion se calcul6 desde el inicio de la terapia sustitutiva hasta la fecha en que se
realiz6 la DEXA. La dosis de GC diaria se expres6 como dosis por superficie corporal
por dia (mg/m#/d). El &rea de superficie corporal se calcul a través de la férmula de
Mosteller (43). La dosis media de GC fue de 11+4 mg/m?/d.

Un paciente con SC se consideraba en remision si se demostraba una insuficiencia
suprarrenal (cortisol basal a.m. < 100 nmol [< 4ug/dl] y/o cortisol libre en orina de 24
horas indetectable) o una supresion del cortisol matutino (<50 nmol/l, <1.8 pg/dl) tras 1

mg de dexametasona nocturna.
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Se recogio informacion sobre la funcién hipofisaria (GH, IGF-1, TSH, T4 libre,
prolactina y gonadotrofinas), tal y como se habia descrito previamente (44).

De los pacientes curados, 10 (27%) tenian insuficiencia suprarrenal en el momento de la
evaluacion con DEXA y requirieron tratamiento sustitutivo con GC, mientras los 27
restantes presentaron una insuficiencia suprarrenal transitoria y en el momento del
estudio ya no precisaban tratamiento con GC. En el momento de la realizacion de la
DEXA, 7 pacientes (19%) presentaban déficit de GH (2 de los cuales recibian
tratamiento sustitutivo con GH humana recombinante), 7 (19%) presentaban déficit de
gonadotrofinas (4 de ellas estaban en tratamiento hormonal sustitutivo con
estrogenos/progestagenos, sélo 1 de ellas era postmenopausica), y 5 (13.5%) eran

hipotiroideas (todas en tratamiento con levotiroxina).

Poblacion control

Se seleccionaron varios controles no afectos de SC, para cada caso seleccionado, a
partir del censo de donantes de sangre de nuestro hospital, que donaron en la misma
fecha en que se diagnostico la enfermedad endocrina, apareados por edad y sexo. Para
evitar conflictos con la ley de proteccidn de datos, asimismo se requirié que el donante
tuviera historia clinica en el hospital. Se enviaron cartas a los controles seleccionados,
realizandose una llamada telefonica 1 semana después, se incluyeron en el estudio el
primero o los 2 primeros controles en aceptar. En los articulos I y 11 se incluyeron a 85

controles, apareados por edad y sexo con los pacientes del estudio.

Criterios de exclusion
Tanto en pacientes como en controles se excluyeron aquellos sujetos con infeccion de

vias respiratorias o cualquier otro proceso infeccioso/inflamatorio agudo en el Gltimo
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mes, asi como pacientes con procesos inflamatorios crénicos en actividad (artritis

reumatoide, enfermedad de Crohn, etc.).

Métodos
Disefo:

Los articulos 1 y 11 son estudios observacionales de casos y controles.

Estudio antropométrico:

Se recogio el peso, la talla, y el perimetro de cintura y cadera. El indice de masa
corporal se calculé como el peso en Kg dividido por la talla en m2. Para medir el
perimetro de la cintura se fij6 un punto a mitad de camino entre la Gltima costilla y la
cresta iliaca, en ese punto se coloco la cinta métrica alrededor de la cintura y se midio el
perimetro, con el paciente en espiracion. Todos los datos derivados de la exploracion
fisica tanto en pacientes como en controles fueron recogidos por el mismo investigador

(M.J.B).

Composicion corporal:

Para determinar la composicion corporal se utiliz la absorciometria dual de rayos X,
disponible en el Hospital de Sant Pau (DEXA, Delphi QDR 4500, Hologic, Vilvoorde,
Belgium). El coeficiente de variacion es del 1%. Se calcul6 la masa grasa total y

troncular, la masa magra, la masa dsea y la densidad mineral 6sea lumbar y total.

Definicion del sindrome metabdlico:
Como definicion se utilizaron los criterios del National Cholesterol Education Program
(NCEP) Adult Treatment Panel 111 (ATP-I11) (45), modificados por la American Heart

Association/National Heart, Lung and Blood Institute (46). Estos criterios son:
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1) obesidad abdominal, considerada como un perimetro de cintura > 102 cm (hombres)
0 88 cm (mujeres); 2) concentracion de glucosa plasmatica en ayunas > 100 mg/dL
(5.6 mmol/L), diagnostico de diabetes o la utilizacion de medicacion hipoglucemiante;
3) concentracion de triglicéridos en plasma > 150 mg/dL (1.7 mmol/L) y/o la utilizacion
de tratamiento farmacoldgico; 4) concentracion de HDL < 40 mg/dL (1.03 mmol/L) en
hombres o < 50 mg/dL (1.29 mmol/L) en mujeres; y 5) tension arterial sistolica
> 130 mmHg vy tension arterial diastolica > 85 mmHg, o la utilizacion de medicacion

antihipertensiva.

Parametros de laboratorio:

Se determinaron los siguientes parametros séricos: colesterol total, triglicéridos,
colesterol-HDL, colesterol-LDL, lipoproteina A, apolipoproteina B, glucosa, insulina,
fibrindgeno y creatinina. Como marcadores de inflamacion se determinaron en plasma
los niveles de: interleuquina-6 (IL-6), proteina C reactiva ultrasensible (PCR), el
receptor 1 soluble del TNFa (sTNF-R1) y el receptor 2 soluble del TNFoa (sTNF-R2).
También se determinaron los niveles de las adipocitoquinas: adiponectina y visfatina.
Como marcadores 0seos se determinaron: osteocalcina y total amino-terminal
propeptide of type 1 procollagen (total PLNP) como marcadores de formacién Osea; y el

carboxy-terminal telopeptide (B-Crosslaps) como marcador de resorcion Osea.

Las extracciones se realizaron en ayunas. Las variables de rutina, asi como los
marcadores 0seos, se realizaron con técnicas habituales en el Laboratorio de
Bioquimica, Hematologia y Coagulacion del Hospital de Sant Pau. Se determinaron

estas variables diariamente con la inclusion de cada sujeto: colesterol total y
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triglicéridos por métodos enzimaticos, HDL-colesterol por método directo, sin
precipitacion; LDL-colesterol por la formula de Friedewald:;

la lipoproteina A, homocisteina y apolipoproteina B por inmunoturbidimetria,
estandarizado frente al estandar WHO/IFCC SP3-07 y tamafio predominante de las
particulas de LDL por electroforesis en gel de poliacrilamida. La insulinemia se
determin6 mediante radioinmunoanélisis (Medgenix Diagnostics, Fleunes, Belgium). La
resistencia a la insulina se calculé utilizando la féormula del Homeostasis Model
Assessment (HOMA)= (insulin pU/mL x glucose mmol/L)/22.5. El fibrindgeno se
calculd6 mediante el método coagulativo de von Clauss. Las variables especiales del
proyecto se analizaron en grupos de muestras para disminuir la variabilidad, en el
laboratorio de investigacion del Hospital de Girona (las muestras se recogieron y
almacenaron a -80°C hasta su uso). La adiponectina se determin6 mediante ELISA (ref:
EZHADP-61K, PromoCell GmbH, Heidelberg, Germany) con un CV intra-ensayo de
3.4%, y un CV inter-ensayo de 5.7%. Las concentraciones séricas de visfatina se
determinaron mediante enzima inmunoensayo (Phoenix Peptides, Karlsruhe, Germany)
con un CV intra-ensayo de <5%, y un CV inter-ensayo de <14%. La PCR ultrasensible
se determind por ELISA; sus valores de referencia fueron: 0.02-0.74 mg/dl. Las
concentraciones séricas de IL-6 se determinaron mediante ELISA de alta sensibilidad
(Bender MedSystems GmbH, Vienna, Austria), con un CV intra-ensayo de 6.9% y CV
inter-ensayo de 8%. Las concentraciones séricas de STNFR1 y sTNFR2 se evaluaron
utilizando un inmunoensayo de sensibilidad enzimatica amplificada en fase solida
(Biosource Europe S.A., Zoning Industriel B-6220, Fleunes, Belgium), con coeficientes
de variacién intra- e inter-ensayo inferiores a 8%.

Los marcadores &seos fueron determinados mediante las siguientes técnicas: la

osteocalcina mediante un ensayo con enzima marcado inmunomeétrico
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quimioluminiscente (Immulite 2000, Siemens Medical Solutions Diagnostics Ltd.,
Llanberis, U.K.), con una precision para concentraciones medias entre 4.0 y 47.3 ng/ml
de 4.8-3.2%. B-Crosslaps y total PINP se determinaron mediante un inmunoensayo
electroquimioluminiscente (Elecsys Modular Analytics E170, Roche Diagnostics
GmbHmM Manheim, Germany), con una precision para concentraciones medias de f-
Crosslaps entre 0.08 y 3.19 ng/ml de 4.6-1.0%, y una precision para concentraciones

medias de total PINP entre 29.1 y 1027 ng/ml de 2.9-1.1%.

Analisis estadistico:

El andlisis estadistico de los datos se realizd mediante el programa estadistico SPSS
15.0 (SPSS Inc., Chicago, IL, USA). Los datos cuantitativos estan expresados como
media y desviacion estdndar (distribucion gaussiana) o como mediana y rango
(distribucién no gaussiana), y los datos cualitativos estan expresados como porcentajes.
La distribucion de los datos se analiz6 con el test de Kolmogorov-Smirnov. La
comparacion entre 2 grupos se hizo con la t de Student (distribucion gaussiana) y la U
de Mann-Whitney (distribucion no gaussiana), y entre 3 grupos usando la ANOVA
seguida del test de Bonferroni como test post-hoc o el test de Kruskal-Wallis, segln la
distribucion de los datos. El test de Chi-cuadrado se utiliz6 para las variables
categoricas.

En el articulo I se realizaron correlaciones bivariadas (coeficiente de correlacién de
Pearson) entre la masa grasa corporal, factores de riesgo cardiovascular y los
marcadores de inflamacion. Cuando se realizo un analisis de regresion lineal multiple,
se consideraron como factores predictores potenciales de la masa grasa los siguientes:

niveles de adipocitoquinas, la duracion del hipercortisolismo endogeno, edad actual,
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edad al diagndstico del SC, IMC, perimetro de cintura, hipertension arterial, insulina y
HOMA.

En el articulo 11 se realizaron correlaciones bivariadas (Pearson) entre la masa 6sea y la
duracion del tratamiento con GC, la dosis de GC, y la duracion del hipercortisolismo
endogeno. Al realizar un analisis de regresion lineal multiple, se consideraron como
factores predictores potenciales del CMO y DMO los siguientes: duracion del
tratamiento con GC, la dosis diaria de GC, la duracion del hipercortisolismo enddgeno,
edad actual, edad al diagnoéstico del SC, IMC, menopausia y otros déficits hormonales

Se considerd significativa una p<0.05.
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RESULTADOS
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1) Efectos del hipercortisolismo en el metabolismo (articulo 1):

Tanto los pacientes con SC curados como los activos presentaban niveles méas elevados
de insulina en comparacion con los controles, y una tendencia a mayor
insulinoresistencia medida por el HOMA. Con respecto al perfil lipidico, solo la
Apoproteina B fue mas elevada en pacientes con SC curado que en controles. Las cifras
de tension arterial sistolica fueron més elevadas en los pacientes con SC curados y
activos que en los controles, y las cifras de tensién arterial diastolica méas elevadas en
pacientes con SC activos que en los otros 2 grupos (Tabla 1, Anexo I). Al analizar los
criterios de sindrome metabdlico de forma individual, se observé que los pacientes con
SC curados y activos tenian méas obesidad central que los controles (51% y 71% vs
31%, p<0.01), y méas hipertension (54% y 93% vs 29%, p<0.001) que los controles.
Ademas, los pacientes con SC activo tenian mas hipertension que los pacientes curados.
No se observaron diferencias entre grupos respecto al resto de componentes del
sindrome metabolico. Méas pacientes con SC activo cumplieron criterios de sindrome
metabdlico que los pacientes con SC curado y los controles (50% vs 16% y 11%,

p<0.01).

2) Efectos del hipercortisolismo en la composicién corporal y en la inflamacion:

2.1. Masa grasa y masa magra (articulo I):

Al comparar los pacientes con SC con controles apareados por edad, sexo e IMC, se
objetivo que los pacientes con SC curado tenian mas masa grasa total y troncular que
los controles. Aunque los pacientes con SC curado tenian menor masa magra que los

controles, las diferencias no fueron estadisticamente significativas (Tabla 1, Anexo ).
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Los pacientes con SC tanto curados como activos tenian niveles de adiponectina
inferiores y de sTNF-R1 e IL-6 superiores que los controles. No se observaron
diferencias entre grupos respecto visfatina y STNF-R2 (Tabla 1, Anexo ).

Al reanalizar los datos excluyendo los 10 pacientes que estaban en tratamiento
sustitutivo con GC, se encontraron las mismas diferencias para grasa y adipoquinas.

Ya que los estrogenos juegan un papel muy importante en la composicion corporal, los
pacientes con SC curados Yy activos y los controles se dividieron en 2 grupos: el grupo
estrogeno-suficiente (incluyendo mujeres premenopausicas y menopausicas en
tratamiento hormonal sustitutivo) y el grupo estrégeno-deficiente (incluyendo mujeres
menopausicas y premenopausicas sin tratamiento sustitutivo para el hipogonadismo). Al
comparar los pacientes con SC curados y activos y los controles del grupo estrogeno-
deficiente, se observd que los pacientes con SC curado tenian mayor masa grasa total y
troncular, STNF-R1, IL-6 y PA sistolica que los controles. Ademas, los pacientes
curados tenian mas STNF-R1 y PA sistdlica que los pacientes con SC activos (Tabla 2,
Anexo ). No se observaron diferencias en el grupo estrogeno-suficiente con respecto la
composicion corporal, pero los pacientes con SC curado tenian mas sTNF-R1 y IL-6
que los controles, y los pacientes con SC activo mas sTNF-R1 que los controles. En los
pacientes con SC activo se observaron cifras méas elevadas de PA sistélica y diastolica
que en los pacientes curados y los controles (Tabla 3, Anexo ).

Al excluir los pacientes con déficit de GH sin tratamiento sustitutivo (N=5) y comparar
los pacientes con SC curados y activos y controles, se observé que ambos grupos de
pacientes con SC tenian mas masa grasa troncular que los controles (40+9 y 40.4+7 vs
34.5+8, p<0.01). Ademas, los pacientes con SC curados y activos tenian niveles mas
elevados de STNF-R1 e IL-6 que los controles [1.6(1-4.2) y 1.6(1.1-2.1) vs 1.2(0.8-2.4),

p<0.001; 0.5(0.07-11) y 0.4(0.15-6.7) vs 0.3(0.07-1.5), p=0.001; respectivamente] y
38



niveles mas bajos de adiponectina en ambos grupos de pacientes comparado con los
controles [12.4(5-32) y 12.6(8.2-26) vs 18.2(4.5-56.5), p<0.05].

Al comparar los pacientes con SC curados de origen hipofisario (N=27) con los de
origen adrenal (N=10), no se observaron diferencias en la masa grasa, tension arterial,
edad actual, dosis o duraciéon de la exposicion a GC y porcentaje de pacientes con
insuficiencia suprarrenal. De las adipoquinas, solo la IL-6 fue mayor en los pacientes de

origen hipofisario que en los de origen adrenal [0.6(0.26-11) vs 0.33(0.07-1.5), p<0.05].

Correlaciones entre masa grasa, factores de riesqgo cardiovascular y marcadores de

inflamacion:

En los pacientes con SC curado, el porcentaje de masa grasa troncular correlaciond con
STNF-R1 (r=0.559, p=0.001), IMC (r=0.783, p<0.001), perimetro de la cintura
(r=0.795, p<0.001), insulina (r=0.358, p<0.05), indice HOMA (r=0.384, p<0.05), edad
actual (r=0.542, p=0.001) y PA sistolica (r=0.427, p<0.01) y diastdlica (r=0.502,
p<0.01). Tras realizar un andlisis de regresion lineal multiple, s6lo el perimetro de la
cintura (Beta: 0.689, p<0.001) y el sTNF-R1 (Beta: 0.314, p<0.05) persistieron
relacionados de forma significativa a la masa grasa troncular (R2 del modelo: 0.721). En
los controles sanos, el sSTNF-R1 correlacioné con la masa grasa troncular (r=0.373,
p<0.05), pero tras ajuste por pardmetros antropométricos, esta correlacién perdid

significado estadistico.

2.2. Hueso (articulo I1):

Los pacientes con SC tanto curados como aquellos en fase activa tenian menos CMO y
DMO total y lumbar que los controles apareados por edad, sexo e IMC. Los pacientes
con SC activo tenian menos DMO lumbar que los controles. En ambos grupos de
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pacientes con SC (curados y activos) la osteocalcina fue inferior comparada con los
controles. No se encontraron diferencias significativas entre los 3 grupos respecto al
porcentaje de mujeres postmenopausicas, beta-Crosslaps y PLNP total (Tabla 4, Anexo
I). Debido al importante papel que juegan los estrogenos en el hueso, tanto los pacientes
con SC como los controles se dividieron en 2 grupos: el grupo estrégeno-suficiente
(incluyendo mujeres premenopausicas y postmenopausicas con tratamiento hormonal
sustitutivo) y el grupo estrogeno-deficiente (incluyendo mujeres postmenopausicas y
premenopausicas sin tratamiento sustitutivo para el hipogonadismo). Las mujeres con
SC tanto curadas como activas del grupo estrogeno-suficiente tenian menos DMO total,
DMO lumbar y CMO que los controles. Sin embargo, no hubieron diferencias entre las
pacientes estrogeno-deficientes y sus respectivos controles (Tabla 5, Anexo ).

Cuando se excluyeron los pacientes con déficit de GH sin tratamiento sustitutivo (N=5),
ambos grupos con SC (curados y activos) tenian menos CMO y DMO total que los
controles (1.89+0.31 y 1.79+0.2 vs 2.05+0.3, p<0.01; 1.05+0.09 y 1.02+0.06 vs
1.11+0.09, p<0.01, respectivamente). Ademas, los pacientes con hipercortisolismo
activo tenian menos DMO lumbar que los pacientes con SC curados y los controles

(0.92+0.1 vs 1.07+0.18 y 1.11+0.2, p<0.01).

Correlaciones entre pardmetros 6seos y exposicién a GC (enddgena v exdgena) en

pacientes con SC curado:

Tanto la duracion del tratamiento sustitutivo con GC como la duracion del
hipercortisolismo enddgeno se correlacionaron negativamente con el CMO (r= -0.587,
p<0.001; r="-0.352, p<0.05, respectivamente) y la DMO lumbar (r=-0.509, p= 0.001; r=
-0.419, p<0.05, respectivamente). La dosis diaria de GC no se correlacion6 con

ninguno de los parametros 6seos. No se encontraron correlaciones significativas entre la
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duracion del tratamiento sustitutivo con GC o el hipercortisolismo enddgeno y la DMO
total y los marcadores 6seos. Tras un analisis de regresion linear maltiple, la duracion
del tratamiento con GC (B=-0.002, p<0.01) y la edad al diagnostico del SC (B=-0.010,
p<0.05) se relacionaron negativamente y el IMC (B= 0.017, p<0.05) positivamente con
el CMO (constante= 1.82, R?= 0.57); Gnicamente la duracién del tratamiento con GC
predijo de forma significativa la DMO lumbar (B= -0.001, p= 0.001, constante= 1.12,
R?=0.27).

La osteocalcina y el crosslaps se correlacionaron de forma significativa en los pacientes
con SC curado (r=0.372, p<0.05) y en los controles (r=0.454, p<0.001), pero no en el
grupo de SC activo (r=0.150, p=0.61).

Segun la duracion del tratamiento sustitutivo con GC, los pacientes se dividieron por
tertiles en 3 grupos: < 7 meses de tratamiento (N=12), entre 7 y 26 meses (N=14) and >
26 meses (N=11). Aquellos con mayor duracion de tratamiento tenian menos CMO que
los otros 2 grupos (1.65+0.3 vs 2.03+0.2 y 1.94+0.3, p<0.01) (Figura 1, Anexo 1), y
menos DMO total que aquellos tratados durante menos de 7 meses (0.99+0.1 vs
1.10£0.06, p<0.01). No se encontraron diferencias estadisticas significativas entre
grupos respecto la DMO lumbar, IMC, edad actual, menopausia, déficits de hormonas
hipofisarias, dosis de GC y la duracion del hipercortisolismo endégeno. Aquellos con
mayor duracién del tratamiento sustitutivo con GC requirieron una segunda y tercera
cirugias mas frecuentemente que los otros 2 grupos (45% vs 8% y 7%; 18% vs 0); sin
embargo, estos pacientes no necesitaron radioterapia mas frecuentemente que aquellos
con duracion del tratamiento <7 meses (36% vs 42%).

Cuando los pacientes curados con SC de origen hipofisario (N= 27) se compararon con
aquellos que tenian un SC de origen adrenal (N= 10) no se encontraron diferencias

significativas respecto a los diferentes parametros 6seos o la dosis y duracion de la
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exposicion a GC. Los pacientes con SC de origen hipofisario tenian mayor duracién de
hipercortisolismo enddgeno que aquellos con SC de origen adrenal [66.5 meses (15.1-

241) vs 27.6 meses (13.3-89); p<0.01].
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DISCUSION
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Persistencia de alteraciones metabdlicas después de la curacion a largo plazo del

SC:

Se ha demostrado en un estudio reciente realizado en pacientes con SC que, a pesar de
la curacion del hipercorticismo, la hipertension arterial, el cHDL bajo, la diabetes
mellitus y la resistencia a la insulina pueden persistir hasta 5 afios después de la
curacion (15). En nuestro estudio también observamos persistencia de una serie de
alteraciones metabolicas a pesar de haber pasado una media de 11 afios después de la
resolucion del hipercortisolismo: nuestros pacientes contindan teniendo mas
insulinemia, una tendencia a mayor insulinoresistencia medida por el indice HOMA,
mas apoproteina B y cifras mas elevadas de tension arterial sistolica que la poblacion
control. No existe mayor nimero de pacientes con SC curado que cumplen criterios de
sindrome metabdlico en comparacion con el grupo control; sin embargo, cuando se
analiza cada criterio de forma individual, comprobamos que los pacientes con SC

curado tienen mas obesidad central y mas hipertension arterial que los controles.

Persistencia de una composicidon corporal andmala después de la curacion a largo

plazo del SC:

De todos es conocida la alteracion de la composicién corporal en pacientes con SC en
fase activa de la enfermedad, presentan aumento de la masa grasa, en especial la
troncular, y disminucion de la masa magra y masa 6sea (16-20). Sin embargo, poco se
conoce acerca de la composicion corporal una vez que la enfermedad lleva afios en
remision. Se asumia que tras la normalizacion de los niveles de cortisol existia una
recuperacion de todas estas alteraciones. En los articulos 1 y Il por primera vez se

demuestra que en pacientes con antecedente de SC persiste un incremento de la masa
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grasa (articulo 1) y una disminucion de la masa 6sea (articulo I1), a pesar de una media
de 11 afios después de conseguir la curacion.

Se habia descrito un aumento de la masa grasa total y central en pacientes con SC
curado cuya enfermedad habia empezado en la nifiez o adolescencia (47,48). Sin
embargo, en nuestro estudio (articulo 1) s6lo 1 paciente inicid los sintomas a la edad de
9 afios, el resto se diagnosticd en la edad adulta.

Algunos estudios han descrito una normalizacion de la densidad mineral 6sea tras la
curacion del SC. Uno de ellos describié una normalizacién de la DMO en varios
compartimentos del esqueleto de pacientes con SC enddgeno después de 6 afios de
curacion (23). Otro reportd una recuperacion completa de la DMO una media de 9 afios
después de la curacion del SC (24). Otro estudio describié un aumento del riesgo de
fractura en pacientes con SC en los 2 afios anteriores al diagndstico pero no después del
diagndstico y tratamiento (25). Sin embargo, en nuestro estudio (articulo 1) se describe
persistencia de un CMO y DMO mas bajos, a pesar de una media de 11 afios de
remision del SC. Varias razones podrian explicar estos resultados discordantes: primero,
nosotros sélo hemos incluido mujeres, mientras que los otros estudios incluyeron ambos
sexos; segundo, la duracion media del hipercortisolismo enddgeno era de 6 afios en
nuestros pacientes comparado con los 3 afios del articulo de Manning, y no mencionado
en el articulo de Kristo; finalmente, la duracion del tratamiento con GC, uno de los
principales predictores de la persistencia a largo plazo de anormalidades en la masa 6sea
en nuestros pacientes, no se menciond en esos estudios. Otros, sin embargo, han
descrito una recuperacion incompleta de la masa 6sea después de la curacion del SC,
aunque los periodos de seguimiento eran muy inferiores al nuestro: 2 y 3 afios,
respectivamente (26,27). En otro estudio, se mostro a través de radiografias, un aumento

de la prevalencia de dafio vertebral en pacientes con SC curado despues de una media
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de 4 afios (28). Aunque algunos estudios han descrito mayor pérdida Gsea en pacientes
con SC de origen adrenal que en los de origen hipofisario (49,50), nuestro estudio, junto
con otros (51), no han encontrado estas diferencias.

En la fase activa del SC y también en tratamientos prolongados con GC se ha descrito
una reduccion en los niveles de osteocalcina (52), observandose un aumento de dichos
niveles tras el tratamiento curativo del SC (23,53). Sin embargo, en nuestro estudio, los
pacientes con SC curado todavia presentaban niveles mas bajos de osteocalcina que los
controles, sugiriendo que la reduccion persistente en la actividad osteobléstica puede ser
uno de los mecanismos relacionados con la ausencia de recuperacion de la DMO. Una
posible explicacion de la reduccion de la actividad osteoblastica a pesar de la curacion
del SC puede ser la hiperactivacion de la enzima 11B-hidroxiesteroide dehidrogenasa
tipo 1 dentro de los osteoblastos (convierte la cortisona inactiva en cortisol activo) (54).
Estudios recientes han demostrado que la actividad de la 11B3-HSD1 de los osteoblastos
aumenta con la edad y la exposicién a glucocorticoides (55). Respecto a otros
marcadores menos especificos de formacién 6sea como el PINP y marcadores de
resorcion como Crosslaps, se han encontrado niveles de ambos marcadores reducidos
(52) o bien normales (27,56), como en nuestro caso. Se ha descrito una falta de
correlacion entre marcadores de formacién y resorcion 6sea en pacientes con SC activo
(57), restableciéndose dicha correlacion tras el tratamiento curativo del SC (23),
indicando la recuperacion del proceso de remodelacion 6sea. En nuestro estudio, aunque
no existia correlacion entre osteocalcina y Crosslaps en pacientes con SC activo, si que
la habia en pacientes con SC curado y controles. A pesar del restablecimiento del
recambio 0seo en nuestros pacientes con SC curado, la masa 6sea no se normalizo tras
11 afos de remision del hipercortisolismo. Por tanto, el tratamiento con bifosfonatos

podria ser Util en este grupo de pacientes; se ha descrito que el tratamiento con
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alendronato en el SC curado puede inducir una mejoria mas rapida de la masa Gsea que
solo la normalizacion del cortisol (58).

Diferentes mecanismos pueden explicar la persistencia del aumento de grasa troncular.
En uno de ellos interviene la enzima 11B-hidroxiesteroide dehidrogenasa tipo 1, la cual
estd presente en gran cantidad en el tejido adiposo visceral. Esta enzima convierte la
cortisona inactiva en cortisol activo. El cortisol estimula la diferenciacion de mas
preadipocitos a adipocitos, por tanto, cuando el hipercortisolismo desaparece, persiste el
aumento de ceélulas grasas, lo que puede contribuir a explicar la persistencia del
aumento de los depdsitos grasos abdominales (54,59,60). Otro mecanismo que puede
estar implicado es la disregulacion del eje hipotalamo-pituitario-adrenal. Existen
evidencias de que una hiperactivacion del eje hipotalamo-pituitario-adrenal, como
resultado de una reaccion cronica al estrés puede conllevar una distribucion visceral de
la grasa corporal y a otras manifestaciones del sindrome metabdlico (6,7).

Otro mecanismo novedoso que puede explicar el deposito de tejido graso visceral con
la consiguiente obesidad central en pacientes con SC iatrégeno o enddgeno, es la
inhibicion de la actividad de la proteina kinasa AMP-activada en el tejido adiposo por
parte de los glucocorticoides. Esta inhibicion conlleva un aumento de los almacenes
lipidicos con mejoria de la lipolisis, dando lugar a la liberacion de acidos grasos libres
(61). De hecho, se ha sugerido que la metformina podria ser un tratamiento potencial
para prevenir o tratar la acumulacion de tejido adiposo visceral en pacientes con SC
enddgeno o iatrogénico, ya que la metformina revierte el efecto inhibidor de los GC

sobre la proteina kinasa AMP-activada (61).
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Diferencias segln el nivel estrogénico en la composicion corporal en mujeres con SC

curado:

En el articulo I se muestra como las mujeres con SC curado y estrégeno-deficientes
tienen més grasa total y troncular que el grupo control, sin observarse estas diferencias
en el grupo estrogeno-suficiente. En el articulo Il se muestra, sin embargo, como las
mujeres con SC curado y estrogeno-suficientes tienen menos CMO y DMO que sus
respectivos controles, no observadndose estas diferencias en el grupo de estrogeno-
deficientes.

Estas diferencias implican que en las mujeres postmenopausicas, que ya han perdido el
efecto protector de los estrogenos sobre el sistema cardiovascular, al tener mayor masa
grasa relacionada con su SC previo, condicionaria incluso un mayor riesgo
cardiovascular en estas mujeres. Se ha de remarcar que el hecho de encontrar estas
diferencias solo en las mujeres estrégeno-deficientes puede condicionar los resultados
en el grupo total. Por tanto, el déficit de estrdgenos en estas pacientes que han padecido
un SC parece jugar un papel primordial en la persistencia de la acumulacion grasa.
Segln algunos estudios el SC parece causar un mayor dafio 6seo en mujeres
postmenopausicas que premenopausicas (62). Sin embargo, en nuestro estudio (articulo
I1) y en otros (51,63), sugieren que el efecto protector de los estrégenos en el hueso se
pierde en el SC. Nuestros resultados apoyan la idea que esta pérdida 6sea en el grupo

estrogeno-suficiente es causada por los efectos negativos del exceso de GC en el hueso.

Efecto del hipercortisolismo enddgeno v exdgeno en la composicion corporal en

mujeres con SC curado:

Existen datos contradictorios acerca del efecto sobre el hueso del tratamiento sustitutivo

cronico con GC; mientras en un estudio realizado a pacientes con insuficiencia
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suprarrenal con mas de 5 afios de tratamiento sustitutivo con GC no se observaron
diferencias respecto DMO entre pacientes y controles, y tampoco se encontro
correlacion entre la duracion o dosis del tratamiento con GC (29); en otros estudios
realizados en pacientes con déficit de 21-hidroxilasa si que se objetivd menos DMO en
los pacientes comparado con los controles, sin correlacion con la dosis de GC (30,31).
En nuestro estudio tampoco se encontrd correlacion con la dosis diaria de GC, lo cual
contrasta con otro estudio que mostraba una relacion entre el riesgo de fractura y la
dosis diaria de GC en una cohorte de pacientes que requerian tratamiento con GC orales
(64). Esto se puede explicar por el hecho de que la dosis del tratamiento sustitutivo con
GC en pacientes con insuficiencia suprarrenal tras tratamiento curativo del SC es una
dosis estandar y mas baja, aproximadamente 20 mg/dia de hidrocortisona.

En los pacientes con SC muy a menudo tras la cirugia curativa pasan por una fase de
insuficiencia suprarrenal requiriendo tratamiento sustitutivo con GC durante un periodo
variable de tiempo, en ocasiones, de por vida. En nuestro estudio (articulo II) se
muestra que tanto la duracién del hipercortisolismo endégeno como la duracién del
tratamiento sustitutivo con GC se correlacionan de forma negativa con el CMO y DMO
lumbar, pero es el tratamiento sustitutivo con GC el que tiene un mayor peso como
factor predictor de la disminucion de la masa 6sea. Cabria esperar que la duracion del
hipercortisolismo endégeno (media de 6 afios) seria un mejor predictor de la masa ésea
que la duracion del tratamiento con GC (media de 3.5 afios). Sin embargo, conviene
recordar que cuando se realiza el diagndstico de SC los pacientes son tratados con
farmacos que disminuyen los niveles de cortisol, como metopirona y/o ketoconazol,
hasta que se puede realizar la cirugia. A pesar de que el hipercortisolismo mejora con
dichos farmacos no se puede considerar que el paciente estd curado hasta que se realiza

la cirugia y se obtienen los criterios de curacion. Por tanto, la duracion del
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hipercortisolismo pre-diagnéstico (media de 4 afios) parece ser mas dafiino para el
hueso que el de después del diagnostico, y tiene una duracién similar a la del
tratamiento sustitutivo postoperatorio con GC (3.5 afios). Sin embargo, tras el analisis
de regresion incluyendo la duracion del hipercortisolismo pre-diagndstico, la duracién
del tratamiento con GC persistia como el principal predictor del CMO bajo. Es maés,
aquellos pacientes con mayor duracion del tratamiento con GC tienen menos CMO y
DMO que aquellos pacientes con menor duracion del tratamiento. Cabria esperar que
los pacientes que requirieron un periodo de tratamiento con GC mas largo fueran
aquéllos con caracteristicas diferentes (severidad de la enfermedad o tratamiento). Es
cierto que precisaron mas veces una segunda y una tercera cirugia que aquéllos con un
periodo mas corto de tratamiento, lo cual puede sugerir que se trata de una enfermedad
mas “resistente”. Sin embargo, otra explicacion podria ser la mejoria del resultado
quirdrgico, ya que los mismos dos neurocirujanos practicaron todas las cirugias
hipofisarias en nuestro hospital desde 1982. Como habiamos descrito anteriormente
(65), uno de los principales predictores del resultado neuroquirdrgico en los adenomas
hipofisarios fue la fecha de la operacion (OR= 0.40 para la neurocirugia practicada
hasta 1991), sugiriendo que la experiencia del neurocirujano juega un papel importante.
La mayoria de los pacientes del grupo de mayor duracién del tratamiento con GC se
habian operado antes de 1992 (62.5%) comparado con los de menor duracion del
tratamiento (25%); por tanto, la menor experiencia neuroquirdrgica podria explicar que
los pacientes con mayor duracion del tratamiento con GC requirieron una segunda y
tercera cirugia mas frecuentemente.

El tratamiento sustitutivo con GC en pacientes con SC curado no interviene como factor

predictor en el aumento de masa grasa. Tampoco hay diferencias significativas respecto
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a la masa grasa cuando se comparan pacientes con mayor y menor periodo de
tratamiento con GC.

Por tanto, en los pacientes con SC curado, no solo la duracion del hipercortisolismo
endogeno afecta negativamente el hueso, sino que también hay que tener presente el
efecto negativo adicional en aquellos pacientes que requieren o0 han requerido

tratamiento sustitutivo con GC por insuficiencia suprarrenal tras la cirugia curativa.

Persistencia de un patron anémalo en la secrecion de adipoquinas después de la

curacion a largo plazo del SC:

Se han descrito cambios en el patron de secrecién de adipoquinas en situaciones como
la obesidad, como son un aumento del TNFa y la IL-6, entre otros, y una reduccion de
la adiponectina (34). Sin embargo, no existen datos sobre los niveles de adipoquinas en
el SC tras curacién a largo plazo. Un estudio reciente en el que se incluian un escaso
nimero de pacientes con SC activo se objetivd que los niveles de resistina fueron
mayores en las pacientes comparadas con el grupo control, pero no se encontraron
diferencias en los niveles de adiponectina; un subgrupo de estos pacientes fueron
reevaluados a corto plazo (9 meses después de la cirugia curativa), y no se observaron
diferencias entre los niveles de resistina ni adiponectina basales y postquirargicos (66).
En otro estudio se describieron niveles mas bajos de adiponectina en pacientes no
obesos con SC activo comparados con controles no obesos (67). En otro estudio
realizado en pacientes con SC activo se describe una aumento en los niveles de
citoquinas proinflamatorias IL-8 y 1L-18 (68). Por tanto, nuestro estudio es el primero
en demostrar una persistencia de la alteracion en el patron de secrecion de adipoquinas
en pacientes con SC después de una media de 11 afios desde la normalizacion del

hipercortisolismo; concretamente, una persistencia de niveles aumentados de STNF-R1
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e IL-6 y niveles mas bajos de adiponectina. Esto conlleva a que el SC a pesar de estar en
remision sea considerado como un estado de inflamacion de bajo grado. Dicho “estado
de inflamacion” puede determinar dafio vascular y por tanto, aterosclerosis y
enfermedad cardiovascular. En pacientes obesos se ha descrito una mejoria del patrén
anomalo de secrecion de adipoquinas con la pérdida de peso (69,70). Sin embargo, en
nuestros pacientes con SC curado, a pesar de llevar tiempo curados, persisten el
aumento de grasa central y el patrén andmalo de adipoquinas, como en los pacientes
con SC activo. En nuestros pacientes con SC curado, el STNF-R1 fue la adipoquina que
se correlacioné de forma positiva con la masa grasa central y se mantuvo su
significancia después de hacer un ajuste por parametros antropométricos. Por tanto, los
niveles de sTNF-R1 pueden ser el nexo de unidn entre la masa grasa central y la
persistencia del aumento del riesgo cardiovascular en pacientes con largo tiempo de
curacion del SC.

Todas estas alteraciones que hemos visto a pesar de la curacion del SC, como son la
persistencia de alteraciones metabdlicas, una composicién corporal andémala, y un
patron anémalo en la secrecion de adipoquinas, conllevan un aumento del riesgo
cardiovascular en estos pacientes. De hecho, la mortalidad en nuestra serie fue del 5%
(Anexo I1), con un 60% de las muertes de origen cardiovascular, y un 60% en pacientes
con SC ya curado (tuvieron el cortisol normal durante una media de 9.5 afios hasta el
momento del fallecimiento). Estos datos resultan chocantes teniendo en cuenta que se
trataba de una poblacién relativamente joven, con una edad media en el momento del
fallecimiento de 49 afios. Al analizar la morbilidad cardiovascular durante los afios de
seguimiento se observaron episodios cardiovasculares en el 14% de los pacientes,
muchos de ellos con un SC ya curado (Anexo Il). Por tanto, en pacientes con

antecedente de SC, a pesar de llevar afios en remision, persiste el dafio vascular, el cual
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puede estar mediado por la persistencia de una composicién corporal anémala con el

consiguiente patron desfavorable en la secrecion de adipoquinas (Figura 2, Anexo 11).
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CONCLUSIONES FINALES

Los pacientes con SC, a pesar de curacion a largo plazo, presentan una serie de

alteraciones similares a las de la fase activa de la enfermedad:

Persistencia de una composicion corporal anomala: aumento de la masa
grasa principalmente abdominal y una disminucion de la masa y densidad

mineral 6seas.

Persistencia de un patron anomalo en la secrecion de adipoguinas
(condicionado por el aumento de adiposidad abdominal), con un aumento de
moléculas con actividad inflamatoria como la IL-6 y el TNFo, y una
disminucion de la adiponectina, molécula de actividad antiinflamatoria. Este
perfil desfavorable en pacientes con SC curado condicionaria una situacion
de inflamacion crénica de bajo grado, que provocaria dafio vascular,

aterosclerosis y enfermedad cardiovascular.

Persistencia de alteraciones metabolicas (en la que juega un papel importante
la situacion de inflamacién), como la hipertensién arterial,
insulinoresistencia y aumento de los niveles de apoproteina B. Los pacientes
con SC curado no presentan mas sindrome metabolico que los controles,
aunque analizando cada criterio de forma individual, se observa que los
pacientes con SC curado tienen mas obesidad central y mas hipertension

arterial que los controles.
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No sélo el hipercortisolismo enddgeno tiene efectos negativos sobre la
composicion corporal, sino también el tratamiento sustitutivo con
glucocorticoides exdgenos (en concreto, efectos negativos sobre el hueso),
tratamiento que en muchas ocasiones se debe administrar a estos pacientes
cuando la cirugia ha sido un éxito. Se ha observado que a mayor duracion

del tratamiento sustitutivo con GC, menor masa 6sea.

Todos estos hallazgos hacen que tengamos que considerar al SC, aunque curado, como

una situacion de elevado riesgo cardiovascular. Por tanto, resulta de vital importancia en

estos pacientes:

Controlar de forma agresiva los factores de riesgo cardiovascular (mediante

antiagregacion, estatinas, antihipertensivos).

Realizar un diagnostico temprano de la enfermedad para acortar en lo
posible el tiempo de hipercortisolismo enddgeno, y en aquellos pacientes que
precisen tratamiento sustitutivo con glucocorticoides tras la cirugia, asegurar

la menor dosis y durante el menor tiempo posible.

En aquellos pacientes con disminucion de la masa y densidad mineral 6seas

administrar tratamiento con bifosfonatos.
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Persistent Body Fat Mass and Inflammatory Marker
Increases after Long-Term Cure of Cushing’s
Syndrome

Marfa-José Barahona, Nuria Sucunza, Eugenia Resmini, José-Manuel Fernandez-Real,
Wifredo Ricart, José-Maria Moreno-Navarrete, Teresa Puig, Jordi Farrerons, and
Susan M. Webb

Endocrinology and Medicine Departments and Centro de Investigacion Biomédica en Red de
Enfermedades Raras (CIBER-ER, Unidad 747), Instituto de Salud Carlos Ill, Barcelona, and Hospital Sant
Pau (M.-J.B., N.S., E.R., S.M.W.), Universitat Autonoma de Barcelona, 08025 Barcelona, Spain;
Endocrinology Department (J.-M.F.-R., W.R., J.-M.M.-N.), Institut d’Investigacié Biomédica de Girona
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Spain; and Departments of Epidemiology (T.P.) and Internal Medicine (J.F.), Hospital Sant Pau, Universitat
Autonoma de Barcelona, 08025 Barcelona, Spain

Objective: Although increased central fat mass is characteristic of active Cushing’s syndrome (CS),
little is known about body composition and secretion of adipokines after long-term recovery of CS.
The aim of this study was to evaluate central fat mass and its correlation with adipokines and
cardiovascular risk factors in patients after long-term remission of CS.

Methods: Thirty-seven women with CS in remission (27 of pituitary and 10 of adrenal origin; mean
age, 50 += 14 yr; mean time of hormonal cure, 11 = 6 yr) were enrolled and compared to 14 women
with active CS and 85 gender-, age-, and body mass index-matched healthy controls. Total and
trunk fat mass were measured by dual-energy x-ray absorptiometry scanning. Laboratory param-
eters and adipokine levels [including adiponectin, visfatin, soluble TNFa-receptor 1 (sTNF-R1),
sTNF-R2, and IL-6] were measured.

Results: Cured CS patients had more total and trunk fat mass than controls. Cured and active CS had
higher levels of sSTNF-R1 and IL-6 and lower adiponectin levels than controls. Higher insulin levels
and blood pressure in both groups of CS patients and higher apolipoprotein B in cured CS were
observed compared to controls. sSTNF-R1 correlated positively with percentage of trunk fat mass
and remained significant after adjusting for anthropometric parameters.

Conclusion: Despite long-term cure, patients who have suffered CS exhibit persistent accumulation
of central fat, as in active hypercortisolemia, with the consequent unfavorable adipokine profile,
leading to a state of low-grade inflammation. This situation determines a persistent and increased
cardiovascular risk in these patients. (J Clin Endocrinol Metab 94: 3365-3371, 2009)

ny chronic glucocorticoid (GC) excess exerts impor-
A tant changes in body composition, reducing bone
mass and lean body mass and favoring central fat accu-
mulation (1, 2). It has been assumed that resolution of
hypercortisolism is followed by normalization of body
composition; a decrease in fat mass has been reported in
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the early recovery after successful treatment of Cushing’s
syndrome (CS) (3, 4). However, patients who have suf-
fered from CS, either exogenous or endogenous, often
complain of obesity, despite successful treatment that
may even have rendered them adrenal insufficient. Per-
sistence of increased cardiovascular risk and carotid

Abbreviations: ApoB, Apolipoprotein B; BMI, body mass index; BP, blood pressure; CS, Cush-
ing's syndrome; CV, coefficient of variation; DEXA, dual-energy x-ray absorptiometry; GC,
glucocorticoid; HDL-c, high-density lipoprotein-cholesterol; HOMA, homeostasis model as-
sessment; LDL-c, low-density lipoprotein-cholesterol; sTNF-R, soluble TNFa-receptor.
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atherosclerosis has been reported in patients with CS
after 5 yr of cure (5). However, no data are available on
adipokines and inflammatory markers in patients with
CS after long-term cure. Adipokines, secreted by adi-
pose tissue, have effects on inflammation, atheroscle-
rosis, and insulin resistance and could be the link be-
tween adiposity and cardiovascular disease (6, 7). Plasma
levels of IL-6, soluble TNFa-receptor 1 (sTNF-R1), and
STNF-R2 correlate positively, and adiponectin correlates
negatively with body fat and insulin resistance (8, 9).
These adipokines are significantly related to an increased
risk of coronary heart disease (10-13).

The aim of this study was to evaluate body fat mass and
its correlation with adipokines and cardiovascular risk
factors in patients with CS after a mean of 11 yr of suc-
cessful control of endogenous hypercortisolism.

Subjects and Methods

Subjects

In this case-control study, patients with endogenous CS fol-
lowed in our institution since 1982 were eligible. Patients with
adrenal carcinomas were excluded due to their worse prognosis.
A total of 96 CS patients were identified. Of these, five had died
and 30 were lost to follow-up (including patients from other
regions of Spain who, after successful operation, were in remis-
sion of hypercortisolism and were followed by their previous
physicians). Of the remaining patients, 10 were men and were
excluded, given the small number of cases and the heterogeneity
of the sample. At the time of the study, 14 women were hyper-
cortisolemic (four of which had recurred, 13 of pituitary origin,
and one of adrenal origin), and 37 were in remission (27 of
pituitary and 10 of adrenal origin) and were included in this
study. All patients signed an informed consent after study ap-
proval by the hospital ethics committee. In cured CS, mean age
at the time of study was 50 * 14 yr, whereas mean age at the time
of CS diagnosis was 36 = 12 yr; mean time of hormonal cure
since normalization of cortisol to study date was 11 = 6 yr
(range, 0.7 to 22 yr). Only one patient developed symptoms at
the age of 9 yr, whereas the others started in adulthood. Unilat-
eral adrenalectomy was performed in the patients with adrenal
adenomas, except in one that required bilateral adrenalectomy.
Twenty-six patients of pituitary origin underwent transsphenoi-
dal surgery, and one had undergone initial bilateral adrenalec-
tomy. Seven patients required a second surgery (six transsphe-
noidal surgery, one bilateral adrenalectomy), and two required
a third surgery (bilateral adrenalectomy). Ten patients received
radiotherapy. Sixteen women were postmenopausal, and 21
were premenopausal. Mean duration of endogenous hypercor-
tisolism was 70 months (range, 13-241 months). Duration of
hypercortisolism was considered as the period of time between
symptom onset (as referred by the patients) and the diagnosis of
CS plus the period of time between diagnosis and remission of
hypercortisolism after treatment. CS was considered in remis-
sion if either adrenal insufficiency was demonstrated [basal
morning cortisol <100 nmol/liter (<4 ug/dl) and/or undetect-
able 24-h free urinary cortisol] or morning cortisol suppression
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(<50 nmol/liter; <1.8 ug/dl) after 1 mg dexamethasone over-
night was observed. Information on pituitary function was col-
lected (GH, IGF-1, TSH, free T, prolactin, and gonadotropins)
as previously described (14). Ten patients (27%) were adrenal
insufficient at the time of the dual-energy x-ray absorptiometry
(DEXA) evaluation and required substitution therapy with glu-
cocorticoids, whereas the other 27 had presented transient hy-
pocortisolism after surgery but did not currently require substi-
tution therapy. At DEXA evaluation, seven patients (19%) were
GH-deficient (two of which were replaced with recombinant
human GH), seven (19%) were gonadotropin-deficient (four of
which were on estrogen/progesterone hormone replacement
therapy, only one being postmenopausal), and five (13.5%) were
hypothyroid (all on L-thyroxine replacement).

Eighty-five control women, matched for gender, age, and
body mass index (BMI), were selected from the blood donors
database at our hospital. For each patient, blood donors matched
at the time of the study for age, gender, and date of blood do-
nation (the same year of the diagnosis of CS) were identified.
Letters were sent to selected controls, and a phone call was made
1 wk later; the first control to accept was included. Controls who
reported GC treatment or malignant disease were excluded.

Methods

Total body and trunk fat mass were measured by dual-energy
X-ray absorptiometry scanning (DEXA, Delphi QDR 4500; Ho-
logic, Vilvoorde, Belgium). The mean precision error (coefficient
of variation) was 1%. Anthropometric (weight, height, BMI,
waist and hip circumference), sitting blood pressure (BP), and the
following laboratory parameters were measured: total choles-
terol, triglycerides, high-density lipoprotein-cholesterol (HDL-
¢), low-density lipoprotein-cholesterol (LDL-c), lipoprotein a,
apolipoprotein B (ApoB), glucose, insulin, and creatinine. Levels
of adiponectin, visfatin, IL-6, sSTNF-R1, and sTNF-R2 were
measured in plasma. BMI was calculated as weight (in kilo-
grams)/height (meters?). The definition of the metabolic syn-
drome was that defined by the National Cholesterol National
Program (NCEP) Adult Treatment Panel IIT (ATP-III) criteria
(15), as modified by the American Heart Association/Na-
tional Heart, Lung and Blood Institute (16).

Blood samples were collected after an overnight fast. Routine
serum determinations were performed by standard automated
techniques: total cholesterol and triglycerides by enzymatic
methods, HDL-c by direct method, LDL-c by the Friedewald
formula, and lipoprotein a and ApoB by an immunoturbidimet-
ric method. Insulin was determined by a monoclonal immuno-
radiometric assay (Medgenix Diagnostics, Fleunes, Belgium).
Insulin resistance was calculated using the formula of the ho-
meostasis model assessment (HOMA): [insulin (uwU/ml) X glu-
cose (mmol/liter)]/22.5. Serum samples for adiponectin and vis-
fatin were promptly separated and stored at —80 C until assayed.
Adiponectin was determined by ELISA (reference, EZHADP-
61K; PromoCell GmbH, Heidelberg, Germany) with an in-
traassay coefficient of variation (CV) of 3.4% and an inter-
assay CV of 5.7%. Serum visfatin concentrations were measured
by an enzyme immunoassay (Phoenix Peptides, Karlsruhe,
Germany) with an intraassay CV below 5% and an interassay
CV below 14%. Serum IL-6 was determined by high sensitiv-
ity ELISA (Bender MedSystems GmbH, Vienna, Austria), with
an intraassay CV of 6.9% and interassay CV of 8%. Plasma
sTNF-R1 and sTNF-R2 concentrations were evaluated using
solid phase Enzyme Amplified Sensitivity Inmunoassays (Bio-
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source Europe S.A., Fleunes, Belgium), with intra- and inter-
assay CVs below 8%.

Statistical analysis

Analysis was performed using SPSS 15.0 statistical package
for Windows (SPSS Inc., Chicago, IL). Quantitative data are
expressed as mean and sb (Gaussian distribution) or as median
and range (non-Gaussian distribution), and qualitative data are
expressed as percentages. Data distribution was analyzed by the
Kolmogorov-Smirnov test. Comparisons between two groups
was performed using Student’s ¢ (Gaussian distribution) and
Mann-Whitney’s U (non-Gaussian distribution), and between
three groups using ANOVA followed by Bonferroni test as a post
hoc test or a Kruskal-Wallis H test, depending on the data dis-
tribution. A x? test was performed for categorical variables. Bi-
variate correlations (Pearson) were analyzed between body fat
mass, cardiovascular risk factors, and inflammation markers.

Adipokines, duration of endogenous hypercortisolism, cur-
rent age, age at diagnosis of CS, BMI, waist circumference, ar-
terial hypertension, insulin, and HOMA were considered as po-
tential predictive factors for fat mass by a stepwise, multiple
linear regression analysis.

Tests were two-tailed, and a P < 0.05 was considered
significant.

Results

Comparison between cured and active CS patients
and controls

When patients were compared with BMI- and age-
matched controls, cured CS patients had higher total and

jcem.endojournals.org 3367

trunk fat mass than controls. Adiponectin was lower in
both cured and active CS patients than controls. sSTNF-R1
and IL-6 were higher in both cured and active CS patients
than controls. No differences were observed for visfatin
and sTNF-R2 between the three groups (Table 1).

Higher levels of insulin were observed in both cured and
active CS compared with controls, and a trend for higher
insulin resistance was measured by HOMA. Regarding the
lipid profile, only ApoB was higher in cured CS than con-
trols. Higher systolic BP was observed in cured and active
CS than controls, and higher diastolic BP in active CS than
the other two groups. When the criteria of the metabolic
syndrome were analyzed individually, patients with cured
and active CS had more central obesity than controls (51
and 71% vs. 31%; P < 0.01),and more hypertension (54 and
93% vs. 29%; P < 0.001) than controls. Furthermore,
patients with active CS had more hypertension than cured
CS. No differences were observed between groups for the
other components of the metabolic syndrome (data not
shown). More patients with active CS fulfilled criteria for
the metabolic syndrome than cured CS and controls (50 vs.
16 and 11%; P < 0.01).

When data were reanalyzed excluding the 10 patients
who were on GC replacement therapy, the same differ-
ences were found for fat and adipokines (data not shown).

Because estrogens play an important role in body com-
position, cured and active CS patients and controls were
divided into an estrogen-sufficient group (including pre-

TABLE 1. Comparison in women between cured and active CS patients and normal matched controls

Cured CS Active CS Controls P
n 37 14 85
Total fat mass (%) 39774 394 +58 357 £6.9 <0.01°
Trunk fat mass (%) 408 =9 404 = 7.3 345 + 8.8 0.001°
Lean body mass (kg) 376 6.4 39.7 + 39 40.1 £ 5.3 NS
Adiponectin (ng/ml) 12 4 (5-32.4) 12.6 (8.2-26.2) 18.2 (4.5-56.5) <0.05%%
Visfatin (ng/ml) 5 (8.5-24.5) 14 (9.4-36) 13.4 (7-59) NS
STNF-R1 (ng/ml) 1. 71 (1.07-4.28) 1.61(1.12-2.12) 1.21(0.79-2.47) <0.001%°
STNF-R2 (ng/ml) 2.92 (1.65-11) 2.97 (1.05-7) 2.74 (1.62-5.59) NS
IL-6 (pg/ml) 0.5(0.07-11.09) 0.44 (0.17-6.74) O 3(0.07-1.48) <0.0012%
Insulin (pmol/liter) 54 (14-134) 66 (14-212) 5 (14-241) <0.05*%
HOMA-IR 61(0.38-4.48) 2.08 (0.36-7.09) 1. 09 (0.36-8.36) NS (0.07)
Total cholesterol (mmol/liter) 58 *0.9 54=+0.7 54+0.9 NS
HDL-c (mmol/liter) 1.6(1.2-2.8) 1.6(1.2-2.5) 1.7 (0.8-3.2) NS
LDL-c (mmol/liter) 35+x09 3.2*+07 3.2*+038 NS
Triglycerides (mmol/liter) 1.1 (0.4-2.8) 1.0 (0.5-3.8) 0.8 (0.4-3.9) NS
ApoB (g/liter) 1.01 £0.21 0.96 = 0.16 0.89 +0.22 <0.05°
Lipoprotein a (mg/liter) 165 (70-1144) 455 (70-900) 136 (70-1177) NS
Systolic BP (mm Hg) 130 (100-160) 135 (100-145) 120 (90-154) <0.05%%
Diastolic BP (mm Hg) 0 (60-100) 77.5 (70-100) 0 (59-94) <0.05°¢
BMI (kg/m2) 25 2 (18.7-45.5) 29.6 (23.7-34) 25 4 (19-43) NS
Current age (yr) 50 = 14 46 + 12 50 =12 NS
Menopause (%) 43 46 50 NS

Results are expressed as mean = sb or median (range). NS, Not significant; HOMA-IR, HOMA of insulin resistance.

2 P < 0.05 between cured CS and controls.
b p < 0.05 between active CS and controls.
€ P < 0.05 between cured CS and active CS.
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TABLE 2. Comparison in estrogen-sufficient women between cured and active CS patients and normal matched

controls: role of estrogens

Cured CS Active CS Controls P
n 20 6 43
Total fat mass (%) 36.8 7 396+ 5 339+7 NS
Trunk fat mass (%) 36.2 9 398+ 5 3158 NS
Lean body mass (kg) 38+6 406 + 4 40 £ 5 NS
Adiponectin (ng/ml) 11.5 (5-32) 13(9.8-26) 17.6 (4.5-49) NS
STNF-R1 (ng/ml) 1.4(1-2.7) 1.8(1.4-2) 1.18(0.8-2.4) 0.0012°
STNF-R2 (ng/ml) 2.8(1.6-6) 3.3(2-7 2.7 (2-5) NS
IL-6 (pg/ml) 0.5(0.1-1.8) 0.5(0.15-0.8) 0.37(0.17-1.4) <0.05°
Insulin (pmol/liter) 43 (14-86) 78 (28-115) 35(14-131) NS
HOMA-IR 1.4 (0.4-2.5) 2.5(0.8-3.7) 1.06 (0.4-4) NS
SBP (mm Hg) 110 (100-140) 140 (130-145) 111 (100-140) <0.01%<
DBP (mm Hg) 65 (60-85) 80 (75-100) 70 (60-90) <0.01P<
Current age (yr) 41 10 37 9 40 = 8.5 NS

Results are expressed as mean = sp or median (range). HOMA-IR, HOMA of insulin resistance; NS, not significant; SBP, systolic BP; DBP, diastolic

BP.

2 P < 0.05 between cured CS and controls.

b p < 0.05 between active CS and controls.

€ P < 0.05 between cured CS and active CS.

menopausal and postmenopausal women on hormone re-
placement therapy) and an estrogen-deficient group (in-
cluding postmenopausal and premenopausal women with
no replacement for hypogonadism). When cured and ac-
tive patients and controls of the estrogen-deficient group
were compared, cured CS patients had higher total and
trunk fat mass, STNF-R1, IL-6, and systolic BP than con-
trols. Furthermore, cured CS had higher sTNF-R1 and
systolic BP than active CS patients. No differences were
observed in the estrogen-sufficient group regarding body
composition, but sSTNF-R1 and IL-6 were higher in cured
CS patients than controls, and sTNF-R1 was higher in
active CS than controls. Higher systolic and diastolic BP

were observed in active CS than cured CS and controls
(Tables 2 and 3).

When we excluded patients with GH deficiency without
replacement therapy (n = 5) and compared cured and active
CS and controls, both CS groups had higher trunk fat mass
than controls (40 = 9and 40.4 = 7 vs. 34.5 = 8; P < 0.01).
Furthermore, higher levels of sSTNF-R1 and IL-6 were ob-
served in both cured and active patients compared with con-
trols [1.6 (1-4.2) and 1.6 (1.1-2.1) vs. 1.2 (0.8-2.4); P <
0.001; 0.5 (0.07-11) and 0.4 (0.15-6.7) vs. 0.3 (0.07-1.5);
P = 0.001, respectively] and lower levels of adiponectin in
both groups of patients than controls [12.4 (5-32) and 12.6
(8.2-26) vs. 18.2 (4.5-56.5); P < 0.05].

TABLE 3. Comparison in estrogen-deficient women between cured and active CS patients and normal matched

controls: role of estrogens

Cured CS Active CS Controls P
n 17 8 42
Total fat mass (%) 43 £ 6 392 7 375+7 <0.05°
Trunk fat mass (%) 46 + 6 408 =9 374+ 8 0.001°
Lean body mass (kg) 37 +7 39 +4 40 £ 5 NS
Adiponectin (ng/ml) 16 (7-31) 3(8-19) 19 (5-56) NS
STNF-R1 (ng/ml) 2(1.2-4.2) 5(1-2) 1.2(0.8-2.2) <0.012*
STNF-R2 (ng/ml) 3.5(2-11) 3(1-3) 3(2-5 NS
IL-6 (pg/ml) 0.5(0.07-11) 0.38 (0.2-6.7) 0.29 (0.07-1.2) <0.05°
Insulin (pmol/liter) 68 (14-134) 58 (14-212) 34 (14-241) NS
HOMA-IR 2.2 (0.4-4) 1.8 (0.3-7) 1.1 (0.3-8) NS
SBP (mm Hg) 140 (110-160) 130 (100-135) 130 (90-154) <0.012%
DBP (mm Hg) 75 (60-100) 72.5(70-75) 70 (59-94) NS
Current age (yr) 60 = 10 53 +10 60 +7.4 NS

Results are expressed as mean =+ sp or median (range). HOMA-IR, HOMA of insulin resistance; NS, not significant; SBP, systolic BP; DBP, diastolic

BP.
2 P < 0.05 between cured CS and controls.
b p < 0.05 between cured CS and active CS.
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When we compared cured patients with pituitary (n =
27) and adrenal (n = 10) origin of CS, no differences were
observed in fat mass, BP, current age, dose, duration of GC
exposure, or percentage of patients with adrenal defi-
ciency. Of adipokines, only IL-6 was higher in pituitary
than in adrenal patients [0.6 (0.26-11) vs. 0.33 (0.07-
1.5); P < 0.05].

Correlations between fat mass, cardiovascular risk
factors, and inflammatory markers

In patients with cured CS, percentage of trunk fat mass
correlated with sSTNF-R1 (r =0.559; P = 0.001), BMI (r =
0.783; P < 0.001), waist circumference (r = 0.795; P <
0.001), insulin (r = 0.358; P < 0.05), HOMA index (r =
0.384; P < 0.05), current age (r = 0.542; P = 0.001), and
systolic (r = 0.427; P < 0.01) and diastolic BP (r = 0.502;
P < 0.01). After a stepwise, multiple linear regression
analysis, only waist circumference (B8, 0.689; P < 0.001)
and sTNF-R1 (B, 0.314; P < 0.05) persisted significantly
related to trunk fat mass (R? of the model, 0.721). In
healthy controls, sSTNF-R1 correlated with trunk fat mass
(r =10.373; P < 0.05), but after adjustment for anthro-
pometric parameters, this correlation lost statistical
significance.

Discussion

Although abnormal body composition is characteristic of
active CS (increased total fat mass and trunk fat mass and
low lean body mass, little is known about body compo-
sition after long-term recovery of CS. Changes in secretion
of adipokines have been reported in obesity (6), as in-
creased TNFa and IL-6, among others, and reduced adi-
ponectin levels. However, there are no data on adipokine
levels in CS after long-term cure. A recent report studied
adipokines in a small number of patients with active CS;
only resistin levels were higher in female patients com-
pared with controls, but no differences in adiponectin
were found. Subsequently, a subgroup of these patients
were reevaluated 9 months after curative surgery, when no
statistical differences were observed between baseline and
postsurgery adiponectin and resistin levels (17). Another
study showed lower adiponectin levels in nonobese pa-
tients with active CS compared with nonobese controls
(18). An increase in proinflammatory cytokines IL-8 and
IL-18 has been described in another study performed in
patients with active CS (19). To our knowledge, this is the
first report to demonstrate persistent abnormal body com-
position and persistently impaired secretion of adipokines
after long-term remission for a mean of 11 yr of adult-
onset CS.
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Persistence of increased total and central body fat has
been reported in patients with cured CS whose disease
began in childhood or adolescence (20, 21). In our study,
only one patient presented with symptoms at the age of 9
yr, whereas all the others were diagnosed in adulthood.
This increase in trunk fat is a common complaint of pa-
tients who have suffered from CS and also those who have
been treated with high doses of exogenous GC. Given the
increased cardiovascular risk conferred by central obesity,
this persistence in trunk fat may contribute to long-term
morbidity in these patients, despite endocrine control (22).
When considering the role of estrogens, women with cured
CS in the estrogen-deficient group had more total and
trunk fat mass than healthy controls; however, these
differences were not observed in the estrogen-sufficient
group. Thus, postmenopausal women who have lost the
protective effects of estrogens on the cardiovascular sys-
tem and have more total and trunk fat related to their prior
CS, would be at an even higher cardiovascular risk. The
fact that abnormal body composition was observed only
in estrogen-deficient women could influence the data in
the combined group (estrogen-deficient and sufficient).
Thus, the absence of estrogens in these patients who have
suffered CS appears to play a major role in persistent fat
accumulation. A possible explanation for the persistent
increase in trunk fat may be the effect of cortisol on the
omental adipose tissue, due to the hyperactivation of the
11B-hydroxysteroid dehydrogenase type 1 (which con-
verts inactive cortisone to active cortisol), stimulating the
differentiation of more preadipocytes to adipocytes; thus,
after hypercortisolism has disappeared, the increased
number of fat cells remains and can contribute to explain-
ing the persistent increase in abdominal fat deposits (23—
25). A dysregulation in hypothalamic-pituitary-adrenal
axis could also be involved; there is evidence that a hy-
peractivation of the hypothalamic-pituitary-adrenal axis,
as a result of a chronic reaction to stress, may lead to
visceral distribution of body fat and other metabolic syn-
drome manifestations (26, 27). Another novel mechanism
that explains the deposition of visceral adipose tissue and
the consequent central obesity in patients with iatrogenic
or endogenous CS is the inhibition of AMP-activated pro-
tein kinase activity in adipose tissue by glucocorticoids
(28). This inhibition leads to increased lipid stores and
enhanced lipolysis, leading to the release of free fatty acids.
These mechanisms might lead to irreversible abdominal
fat in patients with CS even after long-term cure, with the
consequent unfavorable profile of adipocytokines (in our
cured patients, a persistence of increased levels of
STNF-R1 and IL-6 and reduced levels of adiponectin).
This “inflammatory state” may determine vascular dam-
age and, thus, atherosclerosis and cardiovascular disease. In
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our cured patients, sSTNF-R1 was the adipokine that cor-
related positively with central fat mass and remained
significant after adjustment for anthropometric param-
eters. Thus, plasma levels of sSTNF-R1 could be a link
between central fat mass and persistence of high car-
diovascular risk in patients with long-term cured CS.

A potential limitation of this study is the small sample
size, with 27 pituitary and 10 adrenal CS patients. How-
ever, larger series of cured CS and patients followed long
term are difficult to obtain because it is a rare disease and
remission of hypercortisolism is frequently difficult to at-
tain, mainly in pituitary disease. CS is more frequent in
women than in men (with a ratio of 15:1) (29); we decided
to exclude men from the study given the small number of
patients (n = 10) and, furthermore, to avoid confounding
factors related to sex hormones.

Despite long-term remission of hypercortisolism, CS
must be considered as a state of low-grade inflammation
because central fat mass and consequent increased levels
of adipokines persisted after cure of CS, leading to a sit-
uation of increased cardiovascular risk in these patients.
Weight loss has been reported to improve the impaired
secretion of adipokines in obese patients (30, 31). How-
ever, in our CS patients, despite long-term cure, increased
central fat mass and abnormal adipokines persisted, as in
the active patients. New therapeutic approaches should be
considered in these patients; for example, recent data
show metformin as a potential treatment to prevent or
treat the accumulation of visceral adipose tissue in patients
with endogenous or iatrogenic CS (28) because metformin
reverses the inhibitory effects of GC on AMP-activated
protein kinase.
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Deleterious Effects of Glucocorticoid Replacement on Bone in
Women After Long-Term Remission of Cushing’s Syndrome
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ABSTRACT: Endogenous hypercortisolism and high-dose and long-term glucocorticoid (GC) therapy reduce
bone mass. Patients in remission after successful treatment of Cushing’s syndrome (CS) often present hy-
poadrenalism and require long-term GC replacement. The aim of our study was to evaluate whether this GC
“replacement” had any further effect on bone in women after long-term remission of CS. Thirty-seven
women (mean age: 50 + 14 yr; 27 of pituitary and 10 of adrenal origin) with cured CS (mean time of cure: 11 +
6 yr), 14 with active CS, and 85 sex-, body mass index (BMI)-, and age-matched controls were enrolled. BMD
and BMC were measured by DXA scanning. Bone biochemical markers were also measured. Duration and
dose of GC replacement and duration of endogenous hypercortisolism were calculated. Cured and active CS
patients had less BMC, BMD, and osteocalcin than controls (p < 0.01). These differences were observed in
estrogen-sufficient women but not in those with estrogen deficiency. Duration of GC treatment (mean: 42 mo;
range, 2-420 mo) and endogenous hypercortisolism (mean: 70 mo; range, 13-241 mo) negatively correlated
with BMC and lumbar spine BMD. After regression analysis, the main predictor of abnormal BMC and
BMD was the duration of GC replacement (p < 0.01). Patients treated for CS persistently have less bone mass
despite long-term cure. Both duration of endogenous hypercortisolism and mainly exogenous ‘‘replacement’
therapy with GC negatively affect bone mass. Thus, the additional deleterious effect of GC for the treatment
of adrenal axis suppression should be considered.
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INTRODUCTION

CUSHING’S SYNDROME (CS) can be caused by exogenous
glucocorticoid (GC) therapy or by endogenous hyper-
secretion of cortisol, most frequently because of a pituitary
adrenocorticotropic hormone (ACTH)-producing adenoma
(Cushing’s disease [CD]) or an adrenal tumor. Any chronic
GC excess exerts important changes in body composition
and reduces bone mass." This bone loss is caused by the
direct and indirect effects of GC on bone, such as reduction
of osteoblastic and increase of osteoclastic activity, induction
of hypogonadism, reduction of intestinal calcium absorption,
and increase of urinary calcium excretion. Some studies re-
port a complete recovery of bone mass after cure of s
however, others show incomplete recovery,®'? and it is not
fully elucidated the time required for total bone mass re-
covery. There is a growing interest over the last years on
the effect of long-term GC replacement on bone in endo-
crinological diseases, such as 21-hydroxylase deficiency or
primary adrenal insufficiency.* ™%

The authors state that they have no conflicts of interest.

Optimization of GC substitution therapy is difficult,
because oral administration of the different available drugs
often does not simulate the endogenous circadian rhythm;
furthermore, oral therapy is difficult to monitor.1*!>

CS patients become eucortisolemic or hypocortisolemic
after successful treatment and often require replacement
therapy for a variable period of time; whether this exposure
has any further effect on bone mass is unknown. The aim of
this study was to investigate how GC exposure, both endog-
enous hypercortisolism during active CS and during substitu-
tion therapy for adrenal insufficiency after successful treat-
ment, affects bone in women in long-term remission of CS.

MATERIALS AND METHODS
Subjects

In this case-control study, patients in remission of CS
followed in our institution since 1982 were eligible. Patients
with carcinoma or ectopic ACTH-producing tumors were
excluded. A total of 96 CS patients were identified; of

'Endocrinology and Medicine Departments and Centro de Investigacién Biomédica en Red de Enfermedades Raras (CIBER-ER,
Unidad 747), ISCII, Hospital Sant Pau, Universitat Autonoma de Barcelona, Barcelona, Spain; 2Endocrinology Department, Institut
d’Investigacié Biomedica de Girona (IDIBGI) and CIBER Fisiopatologia de la Obesidad y Nutricion CB06/03/010, Hospital Josep
Trueta, Girona, Spain; 3Epidemiology Department, Hospital Sant Pau, Universitat Autonoma de Barcelona, Barcelona, Spain; “Internal
Medicine Department, Hospital Sant Pau, Universitat Autonoma de Barcelona, Barcelona, Spain.
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these, 5 had died and 30 were lost to follow-up (including
patients from other regions of Spain who after successful
operation were in remission of hypercortisolism and fol-
lowed by their previous physicians); of the remaining pa-
tients, 10 were men and were excluded. At the time of the
study, 14 women were hypercortisolemic (4 of which had
recurred; 13 of pituitary and 1 of adrenal origin) and 37
were in remission (27 of pituitary and 10 of adrenal origin)
and were included in this study. All patients signed an in-
formed consent after study approval by the hospital ethics
committee. In cured CS, mean age at the time of study was
50 + 14 yr, whereas mean age at the time of CS diagnosis was
36 + 12 yr; mean time of hormonal cure of hypercortisolism
was 11 = 6 yr. Only one patient developed symptoms at the
age of 9 yr, whereas the others started in adulthood. Uni-
lateral adrenalectomy was performed in the patients with
adrenal adenomas, except in one that required bilateral
adrenalectomy. Twenty-six patients of pituitary origin un-
derwent transsphenoidal surgery (TSS), and one underwent
initial bilateral adrenalectomy. Seven patients required a
second surgery (six TSS and one bilateral adrenalectomy)
and two required a third surgery (bilateral adrenalectomy).
Ten patients received radiotherapy. Sixteen women were
postmenopausal and 21 were premenopausal. Mean dura-
tion of endogenous hypercortisolism was 70 mo (range,
13-241 mo), and mean duration of GC treatment was 42 mo
(range, 2-420 mo). Oral hydrocortisone was the drug used
twice or three times daily as replacement therapy in all cases
when required. Median GC dose was 20 mg/d. Duration of
hypercortisolism was considered as the period of time be-
tween symptom onset (as referred by the patients) and the
diagnosis of CS (mean duration of this period was 48 mo)
plus the period of time between diagnosis and remission of
hypercortisolism after treatment. Duration of GC treatment
was defined as the period of time in months that patients
required GC replacement; in those currently on GC treat-
ment, duration was calculated since the beginning of re-
placement until the date that DXA was performed. Daily
GC dose was expressed as dose per body surface per day
(mg/m%d). Body surface area (BSA) was calculated by the
Mosteller formula.'® Mean GC dose was 11 + 4 mg/m?/d.
CS was considered in remission if either adrenal insuffi-
ciency was shown (basal a.m. cortisol < 100 nM [<4 wg/dl]
and/or undetectable 24-h free urinary cortisol) or morning
cortisol suppression (<50 nM, <1.8 pg/dl) after 1 mg dexa-
methasone overnight was observed.

Information on pituitary function was collected (growth
hormone [GH], IGF-I, thyroid-stimulating hormone (TSH),
free thyroxine (T4), prolactin, and gonadotrophins) as pre-
viously described.!” Of the cured patients, 10 (27%) were
adrenal insufficient at the time of the DXA evaluation and
required substitution therapy with GC, whereas the other 27
presented transient hypercortisolism after surgery but did
not currently require substitution therapy. At the time of
DXA evaluation, seven patients (19%) were GH deficient
(two of which were replaced with recombinant human GH),
seven (19%) were gonadotropin deficient (four of which
were on estrogen/progesterone hormone replacement ther-
apy, only one postmenopausal), and five (13.5%) were hy-
pothyroid (all on L-thyroxine replacement). Five cured CS
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patients were on calcium and vitamin D therapy; of these
patients, two were also treated with bisphosphonates and one
with raloxifene. Three active patients were on calcium and
vitamin D therapy; one of them was also treated with bis-
phosphonates. At the time of the DXA evaluation, six active
patients were treated with metyrapone, four with ketocon-
azole, and one with both drugs. Information on fractures was
collected before or at diagnosis of CS and during follow-up.
Multiple fractures observed at the same time (e.g., various
vertebral fractures) counted as one fracture episode. In
women with cured CS, eight fractures were found 1-2 yr
before or at diagnosis of CS (four hip, one vertebral—
various affected dorsal vertebrae, and three single rib frac-
tures). During follow-up, five fractures were found: one hip,
three single rib fractures, and one tibia and fibula traumatic
fracture. Furthermore, an episode of avascular necrosis of
the proximal femur was observed at follow-up in one pa-
tient. In women with active CS, three fractures were found
1 yr before or at diagnosis of CS (one hip, one vertebral—
two affected lumbar vertebrae, and one rib fracture—with
multiple affected ribs). During follow-up, two metatarsal
fractures were observed.

Eighty-five control women, matched for age and body
mass index (BMI), were selected from the blood donors
database at our hospital. For each patient, blood donors
matched for age, sex, and date of blood donation (the same
year of the diagnosis of CS) were identified. Letters were
sent to selected controls, and a phone call was made 1 wk
later; the first control to accept was included. Controls who
referred GC treatment or malignant disease were excluded.
Two controls were on calcium and vitamin D therapy: one
combined with bisphosphonates.

Methods

Lumbar spine and whole body BMD and whole body
BMC were measured by DXA scanning (Delphi QDR 4500
Hologic). The mean precision error (CV) was 1%. Anthro-
pometric parameters were measured (height, weight, and
BMI). BMI was calculated as weight (kg) divided by height
(m?). Bone biochemical markers were measured: osteocal-
cin and total amino-terminal propeptide of type 1 procolla-
gen (total PINP) as bone formation markers and carboxy-
terminal telopeptide (B-Crosslaps) as a bone resorption
marker. Osteocalcin was measured by enzyme-labeled
chemiluminescent immunometric assay (Immulite 2000,
Siemens Medical Solutions Diagnostics, Llanberis, UK);
within-run precision for mean concentrations between 4.0
and 47.3 ng/ml was 4.8-3.2%. B-Crosslaps and total PINP
were measured by electrochemiluminescent immunoassay
(Elecsys Modular Analytics E170; Roche Diagnostics,
Mannheim, Germany). Within-run precision for mean con-
centrations of B-Crosslaps between 0.08 and 3.19 ng/ml was
4.6-1.0%, and within-run precision for mean concentrations
of total PINP between 29.1 and 1027 ng/ml was 2.9-1.1%.

Statistical analysis

Analysis was performed using the SPSS 15.0 statistical
package for Windows (SPSS, Chicago, IL, USA). Quantitative
data are expressed as mean and SD (Gaussian distribution)
or as median and range (non-Gaussian distribution), and
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TABLE 1. Comparison Between Cured and Active CS Patients and Normal Matched Controls
Cured CS Active CS Controls P
N 37 14 85
Whole BMC (kg) 1.88 = 0.31 1.79 £ 0.20 2.05 +0.29 0.001%*
Whole BMD (g/cmz) 1.05 £ 0.09 1.02 + 0.06 1.11 + 0.09 0.001°*
Lumbar BMD (g/cm?) 1.05 £ 0.18 0.92 + 0.10 1.11 £ 0.20 <0.017
Osteocalcin (ng/ml) 2 (2-10.6) 2 (2-154) 4.07 (2-14.7) <0.01*
B-Crosslaps (ng/ml) 0.26 (0.02-0.58) 0.28 (0.03-1.05) 0.27 (0.09-1.02) NS
Total PINP (ng/ml) 39.8 (6.34-111) 32.7 (13.7-114) 42.4 (12.5-192) NS
BMI (kg/m?) 25.2 (18.7-45.5) 29.6 (23.7-34) 25.4 (19-43) NS
Current age (yr) 50 =14 46 + 12 50 12 NS
Menopausal (%) 43 46 50 NS
Results are expressed as mean + SD or median and range.
* p between controls and the other two groups.
T p between controls and active CS.
NS, not significant; BMI, body mass index.
TABLE 2. Comparison Between Cured and Active CS Patients and Normal Matched Controls: Role of Estrogens
Cured CS Active CS Controls
Estrog+ Estrog— Estrog+ Estrog— Estrog+ Estrog— p* p'
N 20 17 6 8 43 42
BMC (kg) 1.96 + 0.22 1.79 + 0.38 1.83 £ 0.26 1.76 £ 0.15 2.15 +0.29 1.94 + 0.24 <0.01* NS
Whole BMD (g/cm?) 1.07 = 0.06 1.03 £ 0.11 1.05 £ 0.08 1.01 = 0.05 1.14 + 0.08 1.07 = 0.09 <0.01* NS
Lumbar BMD (g/cm?) 1.06 = 0.17 1.05+0.2 0.96 + 0.08 0.89 + 0.1 1.17 £ 0.17 1.04 £ 0.2 <0.01* NS

* Differences between the estrogen-sufficient groups of cured and active patients and controls.
T Differences between the estrogen-deficient groups of cured and active patients and controls.

¥ p < 0.01 between controls and the other two groups.
Estrog”, estrogen sufficient; Estrog—, estrogen deficient.

qualitative data are expressed as percentages. Data distri-
bution was analyzed by the Kolmogorov-Smirnov test.
Comparisons between two groups were performed using
Student’s -test (Gaussian distribution) and Mann-Whit-
ney’s U-test (non-Gaussian distribution). Comparisons
between three groups were performed using ANOVA
followed by Bonferroni test as a posthoc test or a Kruskal-
Wallis H test, depending on the data distribution. A x* test
was performed for categorical variables. Bivariate corre-
lations (Pearson) were analyzed between bone mass and
duration of GC treatment, GC dose, and duration of en-
dogenous hypercortisolism.

Duration of GC treatment, daily GC dose, duration of
endogenous hypercortisolism, current age, age at CS diag-
nosis, BMI, menopause, and other hormone deficiencies
were considered as potential predictive factors for BMC and
BMD by a stepwise, multiple linear regression analysis.

Tests were two-tailed, and a p < 0.05 was considered
significant.

RESULTS

Comparison between cured and active CS patients
and controls

When patients were compared with BMI and age-
matched controls, both cured and active had less whole
body BMD and BMC. Lumbar spine BMD was lower in
active CS than controls. Osteocalcin was lower in both

cured and active CS patients than controls. No differences
were observed for postmenopausal status, 3-Crosslaps, and
total PINP in the three groups (Table 1).

Because estrogens play an important role on bone, cured
and active CS patients and controls were divided into an
estrogen-sufficient group (including premenopausal and
postmenopausal women with hormone replacement ther-
apy) and an estrogen-deficient group (including postmen-
opausal and premenopausal women with no replacement
for hypogonadism). When cured and active patients and
controls of the estrogen-sufficient group were compared,
both cured and active CS patients had less whole body
BMD and BMC and less lumbar spine BMD than controls
(Table 2). No differences were observed between estrogen-
deficient patients and controls.

When we excluded patients with GH deficiency without
replacement therapy (N = 5) and compared cured and ac-
tive CS and controls, both CS groups had less BMC and
whole body BMD than controls (1.89 + 0.31 and 1.79 + 0.2
versus 2.05 + 0.3, p < 0.01 and 1.05 + 0.09 and 1.02 + 0.06
versus 1.11 + 0.09, p < 0.01, respectively). Furthermore,
patients with active hypercortisolism had less lumbar spine
BMD than cured CS and controls (0.92 + 0.1 versus 1.07 +
0.18 and 1.11 = 0.2, p < 0.01).

Correlations between bone parameters and GC
exposure (exogenous and endogenous) in cured CS

Both duration of GC treatment and duration of endog-
enous hypercortisolism negatively correlated with whole
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TABLE 3. Stepwise, Multiple Linear Regression Analysis to
Identify Predictors of Abnormal Bone Mass

Dependent
variable Predictors B )4 Constant R’
BMC 1.82 0.57
Duration of —0.002 <0.01
GC treatment
Age at —0.010 <0.05
CS diagnosis
BMI 0.017 <0.05
L-BMD Duration of —0.001  0.001 1.12 0.27

GC treatment

Duration of GC treatment is expressed in months.
GC, glucocorticoids; BMI, body mass index; B, unstandardized coefficient.

body BMC (r = —0.587, p < 0.001 and r = —0.352, p < 0.05,
respectively) and lumbar spine BMD (r = —0.509, p = 0.001
and r = —0.419, p < 0.05, respectively). Daily GC dose did
not correlate with any of the bone parameters. No corre-
lation was found between duration of either GC treatment
or endogenous hypercortisolism and whole body BMD and
bone turnover markers (data not shown). After a stepwise,
multiple linear regression analysis, duration of GC treat-
ment and age at CS diagnosis were negatively and BMI was
positively related to BMC; only duration of GC treatment
significantly predicted lumbar spine BMD (Table 3).

Osteocalcin and Cross-laps were significantly correlated in
cured CS patients (= 0.372, p < 0.05) and controls (r = 0.454,
p <0.001) but not in the active CS group (= 0.150, p = 0.61).

Regarding the duration of GC replacement therapy,
patients were divided by tertiles into three groups: <7 mo
of therapy (N = 12), between 7 and 26 mo of therapy (N =
14), and >26 mo of therapy (N = 11). Those with longer
duration of treatment had less whole body BMC than the
other two groups (1.65 + 0.3 versus 2.03 + 0.2 and 1.94 + 0.3,
p < 0.01) and less whole body BMD than those treated for
<7mo (0.99 + 0.1 versus 1.10 + 0.06, p < 0.01). No statistical
differences between groups were found in lumbar spine
BMD, BMI, current age, menopausal status, pituitary
hormone deficiencies, GC dose, and duration of endoge-
nous hypercortisolism (data not shown). Those with longer
duration of GC replacement required a second and a third
surgery more frequently than the other two groups (45%
versus 8% and 7%; 18% versus 0%); however, these pa-
tients did not require radiotherapy more frequently than
those treated for <7 mo (36% versus 42%).

No differences were observed when cured patients with
pituitary-dependent CD (N = 27) were compared with
those with an adrenal cause of CS (N = 10) as far as bone
parameters or dose and duration of GC exposure was
concerned (data not shown). Pituitary-dependent CD pa-
tients had longer duration of endogenous hypercortisolism
than those with an adrenal cause of CS (66.5 [15.1-241]
versus 27.6 mo [13.3-89]; p < 0.01).

DISCUSSION

In this case-control study, we showed that duration of
both exogenous GC replacement therapy and endogenous
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hypercortisolism negatively affect BMC and BMD in
women in long-term remission after successful therapy for
CS compared with matched controls. To our knowledge,
this is the first report to study the effect of hypercortisolism
on bone in women, a mean of 11 yr after successful treat-
ment of CS. After adjusting for confounding variables,
among others duration of active endogenous hypercorti-
solism, gonadal status, and pituitary hormone deficiencies,
duration of GC treatment emerged as the strongest pre-
dictor for low bone mass, which questions the concept
that this is truly a “replacement” dose. Even though the
duration of endogenous hypercortisolism relies on the pa-
tient’s recollections on symptoms onset and duration be-
fore the diagnosis of CS was made, and may explain the
weaker correlation in the regression analysis, there is no
other way to define the initiation of the disease. One might
have expected that duration of endogenous hypercortisol-
ism (mean of 6 yr) would be a better predictor of bone mass
than duration of GC replacement (mean of 3.5 yr). How-
ever, it is worth remembering that when CS was diagnosed,
patients were treated with cortisol-lowering drugs, such as
metyrapone and/or ketoconazole, until surgery was per-
formed. Despite hypercortisolism being improved with
these drugs, no cure of CS was considered until surgery was
performed, and criteria of cure were attained. Thus, du-
ration of hypercortisolism prediagnosis (mean of 4 yr)
seems to be more harmful to bone than after diagnosis, and
it is of similar duration as postoperative GC replacement
(3.5 yr). However, after regression analysis including du-
ration of hypercortisolism prediagnosis, duration of GC
replacement remained as the main predictor for low BMC;
the damage done to bone during endogenous hypercorti-
solism may still have determined a worse response to
subsequent GC replacement. We found no correlation with
daily GC dose, which contrasts with a study that showed a
relationship between fracture risk and daily GC dose in a
cohort of oral GC users!™®; this may be explained by the
fact that the replacement dose of GC in adrenal insufficient
patients after successful therapy for CS is a standard, lower
dose; ~20 mg hydrocortisone/d.

Whereas the increased risk of fractures and bone loss in
active CS is well known,'” little has been reported in pa-
tients cured from hypercortisolism. A recent study showed
normalization of BMD in multiple skeletal compartments
of patients with endogenous CS after a prolonged recovery
time (mean of 6 yr).®) Another study reported complete
BMD recovery a mean of 9 yr after cure of CS.® A further
report showed an increased fracture risk in patients with
CS in the 2 yr immediately before diagnosis but not after
diagnosis and treatment.” However, ours is the longest
study, and we reported persistence of low BMC and BMD,
despite 11 + 6 yr of remission of CS. Several reasons may
explain these discordant results; first, we only included
women, whereas the other studies included both sexes;
second, mean duration of endogenous hypercortisolism
was 6 yr in our patients compared with 3 yr in the report by
Manning and not reported by Kristo; finally, the duration
of GC therapy, one of the main predictors for long-term
bone mass abnormalities in our patients, was not men-
tioned in the other two studies. Previous studies have
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described incomplete restoration of bone mass after
treatment for CS after shorter follow-ups of 2® and 3 yr.(g)
Another report, using spine X-rays, showed an increased
prevalence of spine damage in patients cured of CS for a
mean of 4 yr.!9 Although some reports have found more
severe bone loss in primary adrenal than in pituitary-de-
pendent CS,?%?Y our study and other recent reports have
not found differences in bone loss between adrenal and
pituitary-dependent CS."")

Conflicting data have also been reported in other causes
of adrenal insufficiency. In 15 patients with primary or
secondary (caused by a pituitary tumor) adrenal insuffi-
ciency, treated with GC replacement for >5 yr (mean du-
ration: 12 + 6.5 yr), no differences in BMD were found
compared with controls, and no correlation was found with
duration or dose of GC replacementV; they concluded
that regular monitoring of BMD measurements was not
required, because patients with adrenal insufficiency re-
ceiving recommended replacement doses (15-20 mg daily
of hydrocortisone) were not at an increased risk of osteo-
porosis. In our study, patients received a median of 20 mg
daily of hydrocortisone and did present lower BMC and
BMD values than controls; one could argue that prior en-
dogenous hypercortisolism could have determined this
bone loss, but the strongest determinant was duration of
GC treatment. Additionally, in patients with 21-hydroxy-
lase deficiency who required long-term GC replacement
therapy, lower BMD compared with healthy controls was
found, with no correlation with current GC dose.(1%13)

The main cause of bone loss in the general population
is estrogen deficiency, as seen in the postmenopausal state.
In some studies, CS has been shown to cause more severe
bone damage in postmenopausal than premenopausal
women.®® However, our study and others>2 suggest
that the protective effect of estrogens on bone mass is lost
in CS, because BMC and BMD in our patients in the es-
trogen-sufficient group were lower than in the respective
controls; however, these differences were not observed in
the estrogen-deficient group. Our finding support that this
bone loss in the estrogen-sufficient group is caused by the
negative effects of the GC excess on bone. To avoid vari-
ables that would be expected to affect bone mass, we ex-
cluded from the analysis those patients with unreplaced
GH deficiency. One could argue that patients who are GH
deficient (and therefore have additional pituitary insuffi-
ciency) would be those mostly likely to require longer GC
replacement. However, BMD and BMC were persistently
lower in cured and active CS patients compared with
controls. One might have expected that patients who
needed longer GC replacement would be those with dif-
ferent characteristics (severity of disease or treatment).
They required a second and a third surgery more fre-
quently than those with shorter GC replacement, which
could suggest a more “‘resistant” disease. However, an-
other explanation could be the improvement in surgical
outcome, because the same two neurosurgeons undertook
all pituitary surgery in our hospital since 1982. As we
previously described,®® one of the main predictors of
neurosurgical outcome in pituitary adenomas was opera-
tion date (OR = 0.40 for neurosurgery performed up to
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1991), suggesting that neurosurgical experience plays an
important role. Most patients of the group of longer du-
ration of GC replacement had surgery before 1992 (62.5%)
compared with those with shorter GC replacement (25%);
therefore, less neurosurgical experience could explain that
patients with longer GC replacement required a second
and third surgery more frequently until cure. However,
these patients did not require radiotherapy more fre-
quently than those treated for <7 mo.

Depressed levels of osteocalcin have been reported
during long-term corticosteroid therapy, as well as during
the active phase of CS.*> After successful treatment of CS,
an increase in osteocalcin levels has been reported.®2®
However, in our study, cured CS patients still had lower
osteocalcin levels than controls, suggesting that the per-
sistent reduction in osteoblastic activity may be one of the
mechanisms related to the absence of recovery of BMD.
A possible explanation may be the hyperactivation of the
11B-hydroxysteroid dehydrogenase type 1 (11B-HSDI;
which converts inactive cortisone to active cortisol) within
osteoblasts.?”) Recent studies have shown that the activity
of osteoblastic 113-HSD1 increases with age and GC ex-
posure.(zg) Discordant data have been reported on other
less specific bone formation markers such as PINP and
resorption markers such as Cross-laps. Levels of both
markers were found to be reduced®® or normal,®?” as in
our study. Recent studies have shown a lack of correlation
between bone formation and resorption markers in active
CS patients,(30) which is restored after successful treatment
of €S, indicating restoration of the bone remodeling
process. In our study, although no correlation was found
between osteocalcin and Cross-laps in active CS, there was
a correlation in cured CS and controls. Despite the resto-
ration of bone turnover in our cured CS, bone mass did not
revert to normal 11 yr after cured of CS. Therefore,
treatment with bisphosphonates might be useful in this
group of patients; it has been reported that treatment with
alendronate in cured CS may induce a more rapid im-
provement in bone mass than cortisol normalization
alone.CV

A potential limitation of this study is the small sample
size, with 27 pituitary and 10 adrenal CS patients. How-
ever, larger series of cured CS that were followed long term
are difficult to obtain because it is a rare disease and fre-
quently remission of hypercortisolism is difficult to attain,
mainly in pituitary disease.

We conclude that, in CS, even after long-term remis-
sion of endogenous hypercortisolism, a reduction of
bone mass persists, mainly in estrogen-sufficient women,
which may confer an increased fracture risk. Furthermore,
the longer duration of so called “replacement” GC sub-
stitution treatment is related to lower bone mass, especially
in patients who needed several treatments to control
hypercortisolism.
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Tabla 1: Composicion corporal, adipoquinas y factores de riesgo cardiovascular. Comparacion

entre mujeres con SC curadas y activas y controles sanos apareados por edad y sexo:

SC curadas SC activas Controles p
N 37 14 85
Masa grasa total (%0) 39.7+7.4 39.4 +5.8 35.7+6.9 <0.01*
Masa grasa troncular (%) | 40.8 9 40.4 £7.3 345+8.38 0.001*
Masa magra (Kg) 37.6+6.4 39.7 £3.9 40.1+£5.3 NS
Adiponectina (ng/ml) 12.4(5-32.4) 12.6(8.2-26.2) 18.2(4.5-56.5) <0.05?
Visfatina (ng/ml) 15(8.5-24.5) 14(9.4-36) 13.4(7-59) NS
STNF-R1 (ng/ml) 1.71(1.07-4.28) 1.61(1.12-2.12) 1.21(0.79-2.47) <0.001"*
STNF-R2 (ng/ml) 2.92(1.65-11) 2.97(1.05-7) 2.74(1.62-5.59) NS
IL-6 (pg/ml) 0.5(0.07-11.09) 0.44(0.17-6.74) 0.3(0.07-1.48) <0.001"*
Insulina (pmol/l) 54(14-134) 66(14-212) 35(14-241) <0.05?
HOMA-IR 1.61(0.38-4.48) 2.08(0.36-7.09) 1.09(0.36-8.36) NS(0.07)
Colesterol total (mmol/l) | 5.8+0.9 5.4+0.7 5.4+0.9 NS
HDL-c (mmol/l) 1.6(1.2-2.8) 1.6(1.2-2.5) 1.7(0.8-3.2) NS
LDL-c (mmol/l) 3.5+0.9 3.2+0.7 3.2+0.8 NS
Triglicéridos (mmol/l) 1.1(0.4-2.8) 1.0(0.5-3.8) 0.8(0.4-3.9) NS
Apoproteina B (g/) 1.01+0.21 0.96 +£0.16 0.89 £ 0.22 <0.05"
Lipoproteina A (mg/l) 165(70-1144) 455(70-900) 136(70-1177) NS
PA sistolica (mmHg) 130(100-160) 135(100-145) 120(90-154) <0.05"?
PA diastélica (mmHg) 70(60-100) 77.5(70-100) 70(59-94) <0.05%*
IMC (Kg/m?) 25.2(18.7-45.5) 29.6(23.7-34) 25.4(19-43) NS
Edad actual (afios) 50+ 14 46 + 12 50 + 12 NS
Menopausia (%0) 43 46 50 NS

NS- No significativo; HOMA-IR- Homeostasis Model Assessment of insulin resistance;

PA- presion arterial; IMC- indice de masa corporal.

Los resultados estan expresados como media + DE o mediana y rango en paréntesis.

1p<0.05 entre SC curados y controles

2n<0.05 entre SC activos y controles

3p<0.05 entre SC curados y SC activos

Resumen: Las pacientes con SC curado, al igual que sucede con las pacientes con SC activo,

tienen mas masa grasa total y troncular que los controles sanos; menos adiponectina y mas

STNF-R1 e IL-6 que los controles. Ademas, presentan niveles més elevados de insulina, mas

apoproteina B y tension arterial sistolica que los controles.
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Tabla 2: Comparacidn en mujeres estrogeno-deficientes entre pacientes con SC curado y activo

y controles sanos apareados: papel de los estrogenos en la grasa corporal.

SC curadas SC activas Controles p
N 17 8 42
Masa grasa total (%) 43 +6 39.2+7 37.5%7 <0.05!
Masa grasa troncular (%) | 46+6 40.849 37.448 0.001*
Masa magra (Kg) 377 39+4 4045 NS
Adiponectina (ng/ml) 16(7-31) 13(8-19) 19(5-56) NS
STNF-R1 (ng/ml) 2(1.2-4.2) 1.5(1-2) 1.2(0.8-2.2) <0.01"3
STNF-R2 (ng/ml) 3.5(2-11) 3(1-3) 3(2-5) NS
IL-6 (pg/ml) 0.5(0.07-11) 0.38(0.2-6.7) 0.29(0.07-1.2) | <0.05*
Insulina (pmol/l) 68(14-134) 58(14-212) 34(14-241) NS
HOMA-IR 2.2(0.4-4) 1.8(0.3-7) 1.1(0.3-8) NS
PA sistolica (mmHg) 140(110-160) | 130(100-135) | 130(90-154) <0.01"°
PA diastolica (mmHg) 75(60-100) 72.5(70-75) 70(59-94) NS
Edad actual (afios) 60+10 53+10 60+7.4 NS

Tabla 3: Comparacion en mujeres estrégeno-suficientes entre pacientes con SC curado y activo

y controles sanos apareados: papel de los estrégenos en la grasa corporal.

SC curadas SC activas Controles p
N 20 6 43
Masa grasa total (%) 36.8+7 39.6%5 33.9+7 NS
Masa grasa troncular (%) | 36.2+9 39.845 31.548 NS
Masa magra (Kg) 3846 40.6x4 4045 NS
Adiponectina (ng/ml) 11.5(5-32) 13(9.8-26) 17.6(4.5-49) NS
STNF-R1 (ng/ml) 1.4(1-2.7) 1.8(1.4-2) 1.18(0.8-2.4) | 0.001"*
STNF-R2 (ng/ml) 2.8(1.6-6) 3.3(2-7) 2.7(2-5) NS
IL-6 (pg/ml) 0.5(0.1-1.8) 0.5(0.15-0.8) 0.37(0.17-1.4) | <0.05!
Insulina (pmol/l) 43(14-86) 78(28-115) 35(14-131) NS
HOMA-IR 1.4(0.4-2.5) 2.5(0.8-3.7) 1.06(0.4-4) NS
PA sistolica (mmHg) 110(100-140) | 140(130-145) | 111(100-140) | <0.01%°
PA diastdlica (mmHg) 65(60-85) 80(75-100) 70(60-90) <0.01*°
Edad actual (afios) 41+10 37+9 4048.5 NS

1p<0.05 entre SC curados y controles;
2p<0.05 entre SC activos y controles
3p<0.05 entre SC curados y activos

Resumen tabla 2 y 3: Las mujeres con SC curado estrégeno-deficientes tienen mas masa grasa

total y troncular que los controles, no existiendo estas diferencias en las mujeres con SC curado

estrogeno-suficientes.
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Tabla 4: Parametros 6seos y masa y densidad mineral 6seas. Comparacion entre mujeres con

SC curadas y activas y controles sanos:

SC curadas SC activas Controles P

N 37 14 85

CMO total (Kg) 1.88 £0.31 1.79 £0.20 2.05+0.29 0.001"
DMO total (g/cm?) 1.05 £0.09 1.02 £0.06 1.11+0.09 0.001"
DMO lumbar (g/cm?) 1.05 +0.18 0.92 £0.10 1.11+0.20 <0.01°
Osteocalcina (ng/ml) 2 (2-10.6) 2 (2-15.4) 4.07 (2-14.7) <0.01"
beta-Crosslaps (ng/ml) 0.26 (0.02-0.58) 0.28 (0.03-1.05) 0.27 (0.09-1.02) NS
P1NP total (ng/ml) 39.8 (6.34-111) 32.7 (13.7-114) 42.4 (12.5-192) NS
IMC (Kg/m?) 25.2 (18.7-45.5) 29.6 (23.7-34) 25.4 (19-43) NS
Edad actual (afios) 50+ 14 46 £ 12 50+ 12 NS
Menopausia (%0) 43 46 50 NS

1p<0.05 entre controles y los otros dos grupos; 2p<0.05 entre controles y SC activos

Resumen: Las pacientes con SC curado, al igual que las de fase activa, tienen menor contenido y

densidad mineral 6sea, y niveles inferiores de osteocalcina que los controles sanos.
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Tabla 5: Masa y densidad mineral dseas. Comparacion entre mujeres con SC curadas y activas

y controles sanos: Papel de los estrdgenos (estrog+: estrogeno-suficientes, estrog-: estrogeno-

deficientes).

SC curadas SC activas Controles p? PP
Estado Estrog+ Estrog- Estrog+ Estrog- Estrog+ Estrog-
gonadal
N 20 17 6 8 43 42
CMO (Kg) 1.96 +0.22 | 1.79+0.38 | 1.83£0.26 | 1.76x0.15 | 2.15+£0.29 | 1.94+0.24 | <0.01* | NS
DMO total 1.07 £0.06 | 1.03+0.11 | 1.05+0.08 | 1.01+0.05 | 1.14+0.08 | 1.07+0.09 | <0.01* | NS
(9/cm?)
DMO lumbar | 1.06+0.17 1.05+0.2 | 0.96+0.08 | 0.89+0.1 |1.17+0.17 | 1.04+0.2 | <0.01' | NS
(g/cm2)

a- Diferencias entre los grupos estrdgeno-suficientes de las pacientes curadas y activas y los controles.
b- Diferencias entre los grupos estrégeno-deficientes de las pacientes curadas y activas y los controles.

1p<0.01 entre controles y los otros dos grupos

Resumen: Las mujeres con SC tanto curadas como activas del grupo estrogeno-suficiente tienen

menos contenido mineral dseo, y menos densidad mineral 6sea total y lumbar que los controles.

Sin embargo, no se observaron estas diferencias en las pacientes estrégeno-deficientes.
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Figura 1: Asociacion entre el contenido mineral éseo (CMO) y la duracién en meses del

tratamiento con glucocorticoides, dividido mediante tertiles en 3 grupos:

<7m 7-26m >26m

Duracién del tratamiento con GC (meses)

#p<0.05 respecto los otros 2 grupos

CMO (Kg)

Resumen: EI grupo de mayor duracion del tratamiento con GC tiene menor CMO que los otros

dos grupos de menor duracion.
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Figura 2: Mecanismo patogénico que explicaria la formacion de depdsitos grasos abdominales

y la consiguiente inflamacién.
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ANEXO II

Basado en el articulo:
Barahona MJ, Resmini E, Sucunza N, Webb SM. Diagnosis of cure in Cushing’s

syndrome: lessons from long-term follow-up. Front Horm Res (in press).

Incluye:
- Resumen del articulo

- Copia del articulo
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Diagnostico de curacion en el sindrome de Cushing: lecciones del sequimiento a

largo plazo:

En este articulo se revisaron retrospectivamente las historias clinicas de pacientes con
SC enddgeno que habian sido tratados en nuestro hospital desde 1982. Se excluyeron
los carcinomas adrenales por su peor prondstico. En total se identificaron 98 pacientes
con SC enddgeno: 73 de origen hipofisario, 23 de origen suprarrenal y 2 de origen
ectopico; la edad media al diagnostico del SC fue de 38413 afios; 83 eran mujeres. La
mortalidad en nuestra serie fue del 5% (5 pacientes). Un hombre con enfermedad de
Cushing (EC) no curada muri6 a los 36 afios por la rotura de un aneurisma de aorta, una
mujer con EC curada muri6 a los 38 por una trombosis mesentérica, y otra mujer con
EC curada sufrié una muerte subita cardiaca a los 55 afios. Los otros 2 pacientes (una
mujer con SC no curado de origen ectépico y una mujer curada con hiperplasia
macronodular bilateral) murieron a los 56 afios por progresion de una enfermedad
tumoral, y a los 61 de una sepsis secundaria a una pancreatitis aguda, respectivamente.
Por tanto, la media de edad en el momento del fallecimiento de estos pacientes fue de
49 afos. Tres de las 5 muertes fueron de origen cardiovascular (de estos pacientes 2
estaban curados); ademas los 3 pacientes con SC curado tuvieron el cortisol normal
durante una media de 9.5 afios en el momento del fallecimiento. Parece por tanto, que
persiste el dafio cardiovascular a pesar de afios después del control del
hipercortisolismo.

La prevalencia de factores de riesgo cardiovascular en nuestra cohorte de 98 pacientes
al diagnostico del SC fue la siguiente: 18% de los pacientes tenian diabetes franca, 63%
hipertension arterial y 38% dislipidemia. La morbilidad cardiovascular durante el
seguimiento fue importante: 3% de cardiopatia isquémica, 3% de ictus, 6% trombosis y

2% enfermedad vascular arterial periférica.
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Posteriormente, se llevo a cabo un estudio caso-control con los 61 pacientes que en el
momento de realizar el estudio continuaban controlandose en nuestro centro (5 habian
fallecido y 32 se habian perdido en el seguimiento, muchos de ellos pacientes de otras
regiones que tras conseguir la curacion volvieron a controlarse por sus anteriores
médicos), y se incluyeron 106 controles sanos apareados por edad y sexo, procedentes
de la base de datos del banco de sangre de nuestro hospital. Se analiz6 la prevalencia de
factores de riesgo cardiovascular en los pacientes curados (antes y después de la
curacion) y se compar0 con sus respectivos controles. La prevalencia de diabetes,
dislipemia e hipertension arterial fue mas alta al diagndstico de SC que tras la curacion
y en los controles (9% vs 4.5% y 2%, p<0.05; 50% vs 38.6% y 21%, p<0.001; 59% vs
27.3% y 14%, p<0.01). Los controles tenian una prevalencia inferior de obesidad
central que los pacientes al diagndstico y después de la curacion (31% vs 46.5% vs
50%, p<0.05). Los pacientes con SC curado tenian mayor prevalencia de dislipemia y

obesidad central que los controles (p<0.05).
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Abstract

It is generally assumed that endocrine “cure” of hypercortisolism after successful
treatment for Cushing’s syndrome (CS) is associated with reversal of increased
morbidity and mortality, typical of the active disease. However, recent data do not
support this idea; increased cardiovascular risk is still present 5 years after endocrine
cure, and health related quality of life (HRQoL), although improved when compared to
the active phase of hypercortisolism, is still impaired when compared to normal
population.  Abnormal body composition typical of hypercortisolism (i.e., increased
total and trunk fat, reduced bone mass and lean body mass) is not completely
normalized, even years after controlling hypercortisolism.  Thus, control of
hypercortisolism in CS does not normalize HRQoL, long term cardiovascular risk and
morbidity, body composition nor some metabolic parameters. Whether the same occurs
in patients exposed to pharmacological doses of exogenous glucocorticoids, and
whether the body composition abnormalities associated with the exposure to exogenous

glucocorticoids are reversible or not, are worth considering.
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Introduction

The prognosis of Cushing’s syndrome (CS) has improved over the years; however,
patients may be exposed to hypercortisolism for a long time before definite treatment is
efficient. The long-term consequences of prior chronic hypercortisolism are currently
unclear, although there is some evidence that it does impair health. Historically, both
morbidity and mortality were increased in patients who suffered CS (1-4), and the main
reported cause of death is cardiovascular. Since it is a rare disease, it is difficult to
obtain long series where this issue may be approached, and contributes to explain some
discordant results (1). Others have not observed increased mortality (5, 6). One study
carried out in 15 patients with CS and 2 control groups (sex- and age-matched and BMI-
matched controls) of 30 individuals showed that despite attaining normal cortisol,
hypertension, low HDL-cholesterol, diabetes mellitus, insulin resistance and carotid
atheromatosis persisted after 5 years (7). It has been recently demonstrated that health-
related quality of life (HRQoL) is severely affected in CS, and is influenced, among
other things, by disease duration, gender and age, and may not normalize despite
hormonal “control” of the disease (8, 9). In this paper we report the morbidity at
diagnosis of CS and mortality and further morbidity several years after treatment for
hypercortisolism in our cohort of CS; furthermore, in a collaborative study with
different European reference centres, we have performed a transversal evaluation of

HRQoL in patients who have suffered CS (9).

a) Retrospective study of morbidity and mortality in our cohort of Cushing’s

syndrome

We retrospectively reviewed the clinical records of patients with endogenous CS treated

at our hospital since 1982. Patients with pituitary-dependent disease, as well as adrenal
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tumours and ectopic-ACTH secreting tumours were included, but not adrenal
carcinomas due to their worse prognosis. A total of 98 CS patients were identified
(mean age at diagnosis of CS: 38+£13 years; 83 women; 73 of pituitary origin, 23 of
adrenal origin -2 of which were bilateral- and 2 of ectopic origin); of these 98 patients, 5
had died and 32 were lost to follow-up (including patients from other regions of Spain
who after successful operation were in remission of hypercortisolism and followed by
their previous physicians); of the remaining 61 patients, 17 were hypercortisolemic (14
women, 4 of which had recurred; 14 of pituitary and 3 of adrenal origin) and 44 were in
remission (37 women; 34 of pituitary and 10 of adrenal origin). The prevalence of
cardiovascular risk factors in our cohort of 98 patients at diagnosis of CS is summarized
in Table 1; 18% of patients had overt diabetes, 63% arterial hypertension and 38%
dyslipidemia. For comparison, the same data corresponding to our acromegaly cohort,
followed in our centre since 1982 are presented. While prevalence of hypertension and
dyslipidemia are similar, diabetes was more prevalent in acromegaly than in CS,

indicating a greater effect of GH than cortisol on glucose intolerance.

b) Prospective case-control study of our patients with Cushing’s syndrome

We also conducted a case-control study including the 61 patients with CS diagnosed
and controlled in our centre (17 active and 44 cured) and 106 healthy gender and age-
controls which were selected among the blood donors database at our hospital. Letters
were sent to selected controls, and a phone call was made one week later; the first
control to accept was included. Controls that referred glucocorticoid (GC) treatment or
malignant disease were excluded. All patients signed an informed consent after study
approval by the hospital ethics committee. In cured CS, mean age at the time of study

was 50 + 14 years, while mean age at the time of CS diagnosis was 36 + 12 years; mean
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time of hormonal cure of hypercortisolism was 11 + 6 years. Mean BMI was 2816
Kg/m? and waist circumference 9414 cm. In these patients whole body composition
was evaluated by dual-energy x-ray absorptiometry scanning (DEXA, Delphi QDR

4500, Hologic).

Statistical analysis was performed using SPSS 15.0 statistical package for Windows
(SPSS Inc.,Chicago, IL, USA). Quantitative data are expressed as mean and SD
(Gaussian distribution) or as median and range (non-Gaussian distribution), and
qualitative data, as percentages. Data distribution was analyzed by the Kolmogorov-
Smirnov test. Comparisons between 2 groups were performed using Student’s t
(Gaussian distribution) and Mann-Whitney’s U (non-Gaussian distribution). A Chi-

squared test was performed for categorical variables.

The cardiovascular (CV) morbidity of our cohort of patients after a mean 11 years of
follow-up was important (Table 1), namely 3% of ischemic heart disease, 3% of stroke,
6% thrombosis and 2% peripheral arterial vascular disease. The mortality of our series
was 5% (5 patients). One male with non-cured Cushing’s disease (CD) died of a
ruptured aortic aneurism at age 36, a cured female with CD aged 38 from mesenteric
thrombosis, and another cured female with CD suffered a sudden cardiac death at age
55. The other 2 patients (one non-cured female with ectopic-ACTH secretion and one
cured female with bilateral macronodular hyperplasia) died at age 56 from progression
of tumoural disease, and at age 61 from sepsis after acute pancreatitis, respectively.
Thus, median age at death was 49 years, 3 of the 5 deaths were of CV origin (of which 2
were cured) and the 3 patients with cured CS had normal cortisol for a mean of 9.5
years at the time of death. It would appear therefore, that serious cardiovascular

damage persisted, years after control of hypercortisolism.
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The comparison between CS and acromegaly regarding mortality and cardiovascular
morbidity is also represented in Table 1. In the case-control study group (n= 61), we
analyzed the prevalence of CV risk factors only in cured patients (before and after cure)
and compared it with gender- and age-matched controls. The prevalence of diabetes,
dyslipidemia and hypertension was higher at diagnosis of CS than after cure and in
controls (9% vs 4.5% and 2%, p<0.05; 50% vs 38.6% and 21%, p<0.001; 59% vs
27.3% and 14%, p<0.01). Controls had less prevalence of central obesity than patients
at diagnosis of CS and after cure (31% vs 46.5% vs 50%, p<0.05). Patients with cured
CS had more prevalence of dyslipidemia and central obesity than controls (p<0.05). No
statistical differences were observed between both groups regarding prevalence of
diabetes and hypertension (Figure 1). Furthermore, patients with cured Cushing’s
syndrome had higher total and trunk fat mass percentage and less lean body mass and
bone mineral content than controls despite the same BMI (27.8 + 6 vs. 26.5 + 5 Kg/m?
in controls) (10), indicating that despite disappearance of hypercortisolism, body
composition abnormalities do not revert to normal. These findings suggest that the
changes induced by sustained hypercortisolism are irreversible, and persist after
endocrine cure. How long hypercortisolism should be present to induce these changes
is currently unknown, but seems a strong argument to attain an earlier diagnosis of CS,

before irreversible morbidity occurs.

¢) Health-related QoL in patients with Cushing’s syndrome:

Using the generic SF-36 questionnaire, impairment of QoL was observed in patients
with CS which was greater in active than in cured patients, and did not normalize, even
after long-term control of hypercortisolism (11, 12). With a recently described disease-

generated questionnaire (CushingQoL) HRQoL was evaluated in 125 patients with CS
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in clinical practice conditions, recruited from Spain, France, Germany, The Netherlands
and Italy, in an observational, international, cross-sectional study over a 2 month period
(9). Clinical and hormonal data were collected and correlated with results of a generic
questionnaire (SF-36), a question on self-perceived general health status and the
CushingQoL score. A significant correlation was observed between CushingQoL score
and patients self-perceived general health status and dimensions of SF-36. Patients with
current hypercortisolism scored worse (lower) than those without, and a linear
regression analysis identified female gender and current hypercortisolism as significant

predictors for worse QoL.

Conclusions

High prevalence of cardiovascular risk factors are present in patients with active CS,
and persist after long-term remission of hypercortisolism, mainly dyslipidemia and
central obesity, as shows our case-control study. Of special interest is the fact that
despite a mean of cure of 11 years the prevalence of increased trunk fat and decreased
bone mass persist abnormal as in the active phase of CS. This persistent central obesity
is a common complaint of patients exposed to hypercortisolism. Moreover, HRQoL is
worse in patients with active disease, but is still impaired once the patients have been
successfully treated for CS, compared to normal healthy populations. These findings
may have practical implications, since it would be necessary to ascertain whether the
same occurs in patients exposed to pharmacological doses of exogenous

glucocorticoids.
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Table 1: Morbidity at diagnosis of Cushing’s syndrome and mortality and morbidity

after follow-up in patients operated and followed since 1982; for comparison the same

data corresponding to the acromegaly cohort of our centre( Hospital S Pau, Barcelona)

are also shown. CV Cardiovascular.

Cushing’s Sd. (n=98)

Acromegaly (n=99)

At diagnosis:

Diabetes mellitus 18% 34%
Hypertension 63% 62%
Dyslipidemia 38% 33%
At follow-up:

Ischemic heart disease 3% 4%
Stroke 3% 2.5%
Thrombosis 6% 0%
Peripheral arterial vascular 2% 2.4%
disease

Death/CV cause 5%/60% 10%/ 56%
Median age at death 49 62

Mean age at diagnosis

38 + 13 years

42 + 12 years

Mean follow-up

11 + 6 years

14.5 + 9.3 years
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Figure 1: Prevalence of cardiovascular risk factors in patients with CS at diagnosis and
after long-term of cure and comparison with that of healthy age and sex-matched

controls
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