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JUSTIFICACION GENERICA DEL TEMA UNITARIO



1.- INTRODUCCION.

La determinacion del volumen tiroideo es importante en el diagndstico de las
enfermedades tiroideas, para valorar estrategias terapéuticas y la eficacia de los
tratamientos; asi mismo es esencial en estudios epidemioldgicos, para establecer la
prevalencia de las enfermedades tiroideas, principalmente el bocio endémico y las éareas
yododeficientes, y para elaborar programas preventivos, como la suplementacion con
yodo.

La exploracion fisica es una técnica poco fiable para determinar el volumen
tiroideo'™, y la prevalencia de bocio*, pese a la utilizacion de métodos estandarizados,
como la clasificacion clinica de Perez et al.7, de la Organizacion Mundial de la Salud,
que es mas cualitativa que cuantitativa.

Ademés, existe una gran variabilidad intra e interobservador, y depende también

de la anatomia del cuello del paciente®.

Existen diferentes técnicas para valorar el volumen tiroideo, como la
v 9 . « oy 10
gammagrafia con Tc99m’, la tomografia computerizada por emision de fotones , y la

’ i - 11,12
tomografia por emision de positrones

, pero tan s6lo miden el volumen funcional, y
ademas utilizan radiaciones ionizantes.
La tomografia axial computerizada'® y la resonancia magnética'* miden el

volumen tiroideo con gran precision, pero con un coste elevado.

La ecografia es una técnica precisa, y constituye la mejor alternativa, ya que es

2,9,12,15-17

el método mas simple y barato , y no tiene efectos adversos'”, sin embargo no es

aplicable a bocios con extensién endotoracica™' !> %1,

Constituye hoy dia, el método de eleccion para valorar el volumen tiroideo en
estudios poblacionales, pero es preciso estandarizar la técnica, para minimizar los
errores intra e inter-observador™.

Por otra parte, el tamafio muestral de algunos estudios no siempre es
representativo de la poblacion estudiada. Por este motivo, se realizé un proyecto a nivel

europeo (Thyro-Mobil), con el objetivo de evaluar el volumen tiroideo de la poblacion

escolar, y el nivel de yododeficiencia en diversos paises.



Diversos factores estan relacionados con la regulacion del volumen tiroideo, y
por tanto influyen en su variabilidad. Diferencias en la ingesta de yodo, los factores
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ambientales y las variables antropométricas contribuyen a crear diferencias en los

. . , r 2
valores obtenidos en diferentes areas geograficas™.

En adultos residentes en areas yodo-suficientes, o con yodo-deficiencia limite,
algunos parametros antropométricos y de composicidn corporal, especialmente la
superficie corporal y la masa no grasa, han sido descritos como los mejores

. s e 21,24,2
determinantes del volumen tiroideo’**?°.

Estas variables pueden contribuir a encontrar diferencias significativas de
volumen tiroideo, en la misma area geografica, en sujetos con patologias que cursen con
modificacién de la composicidon corporal, como es el caso de la diabetes mellitus. En
pacientes con diabetes mellitus tipo 1 se han objetivado diferencias en la composicion
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corporal, concretamente mayor masa magra, y menor masa grasa“ .

Existen pocos estudios sobre el volumen tiroideo y la yoduria en pacientes con
diabetes mellitus tipo 1, especialmente en adultos.
En nifios, algunos estudios muestran que el volumen tiroideo se correlaciona con

, (o - o 27,28
variables antropométricas y la excrecion urinaria de yodo™

, S1 bien otros autores no
logran confirmar estos hallazgos™.

Bianchi et al.*® objetivan que una proporcién considerable de adultos con
diabetes mellitus tipo 1 tiene alteraciones en el volumen tiroideo determinado por

ecografia, pese a la inexistencia de disfuncion tiroidea.

Sin embargo, los criterios de seleccion de estos estudios fueron heterogéneos y
no aportan datos sobre la composicidn corporal, ademas el estudio del volumen tiroideo
se ve interferido por la elevada prevalencia de autoinmunidad contra el tiroides,

presente en los pacientes afectos de diabetes mellitus tipo 1.



Los pacientes con enfermedades tiroideas con frecuencia presentan alteraciones
en el peso corporal, ingesta, consumo de oxigeno y termogénesis. Los mecanismos por
los cuales las hormonas tiroideas desarrollan un papel en la regulacién del balance
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energético son complejos y no estan bien esclarecidos™ .

Diversos factores estan relacionados con la regulacion del peso corporal, entre
ellos la leptina, una proteina de 167 aminoacidos codificada por el gen 0b™. Desde que
se hallo el déficit de leptina en ratones genéticamente obesos (ob/ob), existe una
evidencia creciente de que la leptina juega un papel importante en la regulacion de la
ingesta y la termogénesis, y que sus concentraciones se correlacionan con el indice de
masa corporal, y particularmente con los depdsitos de grasa™>>.

La leptina ejerce diversos efectos sobre hormonas hipotaldmicas, y no sélo tiene

un papel sobre la regulacion de la eficiencia metabdlica, sino que también contribuye a
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la adaptacién del organismo a la inanicion®.

Las hormonas tiroideas y la leptina influyen sobre aspectos similares de la
homeostasis corporal; se ha objetivado la existencia del efecto directo de la T; sobre la

secrecion de leptina®’

, y la presencia de disfuncion tiroidea en pacientes con déficit de
leptina y con anormalidades en el receptor de la leptina sugieren que la leptina y el eje
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hipofiso-tiroideo estan estrechamente relacionados™.

Por este motivo no es sorprendente la existencia de diversos estudios, en
animales y humanos, que investigan la relacién entre leptina y disfuncién tiroidea®*, si
bien con resultados discordantes; en pacientes con enfermedades tiroideas, algunos
estudios no encuentran correlaciones significativas entre la funcion tiroidea y las

40-42,45 /35,43,44,46-48

concentraciones de leptina , mientras que otros si

No obstante, poco se conoce sobre la relacion entre el eje hipofiso-tiroideo y la

leptina, en estudios poblacionales en sujetos sanos.



2.- OBJETIVOS DEL ESTUDIO.

Los objetivos de nuestro estudio fueron:

- Establecer valores de referencia del volumen tiroideo, y sus determinantes, en
sujetos adultos sanos.

- Determinar el grado de yododeficiencia en una zona de Catalufia no estudiada
previamente.

- Comparar el volumen tiroideo en pacientes con diabetes mellitus tipo 1 y sujetos
normales, y analizar si las diferencias estdn en relaciéon con variaciones en
variables antropométricas y de composicion corporal.

- Estudiar la relaciéon entre el eje hipofiso-tiroideo y la leptina, en adultos sanos,
ya que ambos juegan un papel relevante en la regulacion fisiologica de la

homeostasis energética.

3.- MATERIAL Y METODOS.

3.1.- SUJETOS SANOS:

Los sujetos sanos fueron reclutados de la poblacion de L’Hospitalet de
Llobregat, de manera aleatoria se seleccionaron 880 personas del censo de 1996
(280,000 habitantes), de edades comprendidas entre los 15 y los 70 afios, y se
estratificaron por edad y sexo. Los sujetos fueron invitados a participar en el estudio
mediante carta y llamada telefonica, y en caso necesario se les informo6 verbalmente en

sus domicilios.

Se realiz6 la historia clinica, siendo rechazados aquellas personas con
enfermedad tiroidea conocida, personal o en familiares de primer grado, asi como con
enfermedades crénicas (cardiacas, renales o hepaticas), o bajo tratamiento con farmacos
con efecto sobre el funcionalismo tiroideo, y aquellos que no hubiesen residido al
menos durante cuatro afios en L’Hospitalet de Llobregat.

No se objetivaron diferencias entre la muestra inicial, y los sujetos que

finalmente participaron en el estudio, en relacion a la edad y el sexo.



Doscientas noventa y dos personas fueron estudiadas, pero 24 fueron excluidas:
seis por disfuncion tiroidea no diagnosticada previamente, y 18 por bocio nodular
descubierto al realizar la ecografia. Finalmente, 268 sujetos sanos fueron analizados,
134 hombres y 134 mujeres, cuya distribucion por sexo y edad fue representativa de la

poblacion de L’Hospitalet de Llobregat.

3.1.- PACIENTES AFECTOS DE DIABETES MELLITUS TIPO 1.

Entre 1993 y 1997 todos los pacientes recientemente diagnosticados de diabetes
mellitus tipo 1, y controlados en nuestro Servicio, fueron incluidos en un estudio de
prevalencia e influencia de la autoinmunidad tiroidea durante los primeros afios de
evolucion de la enfermedad®. El diagnostico de diabetes mellitus tipo 1 se realizé de
acuerdo con la presencia de los criterios clasicos de insulinodependencia®, datos
inmunolégicos (presencia de anticuerpos anti-glutdmico acido descarboxilasa en el 75’4
%, anti-tirosinfosfatasa en el 49’2 %, y uno o ambos marcadores inmunologicos en el
81’5 %), y la determinacidn de la reserva de la secrecion de insulina (niveles de Péptido
C inferiores a 1 nmol/L tras estimulo con glucagén™.

Todos fueron instruidos en la realizacion de ejercicio fisico, y dieta entre 1,500 y
2,500 Kcal, segin sus caracteristicas antropométricas. Todos fueron tratados con una
pauta de tratamiento insulinico intensivo, con el objetivo de alcanzar concentraciones de
glucosa y HbAlc cercanos a la normalidad.

En 1999, la cohorte inicial de pacientes (n = 111) menores de 40 afios que
continuaron el seguimiento en nuestra Unidad fueron invitados a participar en el estudio
sobre el volumen tiroideo, y 83 aceptaron. Siete fueron excluidos por estar previamente
diagnosticados de patologia tiroidea autoinmunitaria (6 con hipotiroidismo primario, 1
con enfermedad de Graves-Basedow), y 11 por tener anticuerpos antiperoxidasa tiroidea
positivos.

Finalmente 65 pacientes (36 hombres y 29 mujeres) fueron analizados. Ninguno

tomaba farmacos con efecto conocido sobre la funcion tiroidea.

Todos los sujetos sanos y los pacientes fueron informados sobre el propdsito del
estudio y dieron voluntariamente su consentimiento para participar en el estudio. El

estudio fue aprovado por el comité ético del Hospital.



3.3.- METODOS.

Todos los sujetos que participaron fueron interrogados sobre el consumo de sal
yodada, tabaco (cigarrillos/dia) y alcohol (gramos/dia), y el nimero de gestaciones en

las mujeres.

Se determiné el peso, la talla, el indice de masa corporal (peso/talla®), y el
cociente cintura/cadera. El area de superficie corporal (ASC) se calculd mediante la
formula®': ASC = Peso”*” x Talla”’” x 71’84 x 107 (Peso en Kg, y talla en cm).

Se evaluo clinicamente el volumen tiroideo de acuerdo con la clasificacion de

Pérez’.

Se determind la TSH plasmatica (limites normales 0’48 — 4’36 mU/L) mediante
un ensayo enzimoinmunométrico especifico (Elypse), los anticuerpos antiperoxidasa
tiroidea mediante radioinmunoensayo (Bio Code, Izasa, Lieja, Bélgica), y la excrecion
urinaria de yodo, en muestras de orina reciente en sujetos sanos y en orina de 24 horas
en sujetos con diabetes mellitus, mediante el método de Benotti et al.”.

La HbAlc se determind por cromatografia liquida de alto rendimiento (HA
8140, Menarini Diagnostics, Florencia, Italia)

La determinacion de la leptina se realizd6 mediante un RIA (Linco Research, St
Charles, MO, USA), que utiliza leptina humana recombinante (HR-leptina), con un
antisuero dirigido contra la HR-leptina. El limite de deteccion del ensayo fue de 0’5
ng/mL. Los coeficientes de variacion intra e inter-ensayo fueron del 7 y 8 %

respectivamente. El RIA para leptina no tiene reaccion cruzada con la proinsulina,

insulina o glucagén humanos.

La composicion corporal se determiné mediante impedanciometria®, utilizando
la féormula facilitada por el fabricante (Holtain BC Analyser, Londres, RU), obteniendo
el valor del agua corporal total (en L), la masa no grasa (en Kg), la masa grasa (en Kg),
y el porcentaje de masa grasa. La precision de esta técnica en la determinacion de la

masa grasa es de £ 3 %.

El mismo radidlogo realizd todas las ecografias, determinando la ecogenicidad,

. ’ r 1 . 4
y el volumen tiroideo segin el método de Brunn et al.', con el mismo ecégrafo,



utilizando una sonda de 7’5 MHz (Toshiba Sonolayer SA 250); la variabilidad
intraobservador fue del 10 %, y el error del 11 %. Los sujetos fueron examinados en
decubito supino, con el cuello en hiperextension.

Se realizaron planos longitudinales y transversales, y el volumen de cada 16bulo
se calculd multiplicando la longitud méxima x el grosor maximo x la anchura maxima x
0°479. El volumen tiroideo se obtuvo de la suma de ambos 16bulos, y el istmo no fue
incluido. Los nodulos inferiores a 10 mm se incluyeron en el célculo del volumen
tiroideo.

Cada paciente con diabetes mellitus fue apareado con un sujeto control

procedente del grupo de poblacién sana, del mismo sexo y edad (£ 2 afios).

4.- JUSTIFICACION DEL TEMA UNITARIO.

En el primer trabajo se muestran los valores del volumen tiroideo ecogréfico, en
una poblacioén adulta no yododeficiente, y se han elaborado unas tablas en las que se
distribuyen los valores por sexos e intervalos de edad, lo cual permite establecer valores
de referencia del volumen tiroideo para nuestra poblacidn. Estos datos son extrapolables
a otras zonas no deficientes en yodo, ya que son similares a otros estudios en

poblaciones europeas.

En el segundo trabajo se estudian los determinantes del volumen tiroideo en esta
poblacion, mostrando las correlaciones con la edad, el sexo, y variables
antropométricas, biologicas y de composicion corporal, siendo la superficie corporal el
determinante principal. El andlisis demuestra que en las zonas yodosuficientes, la

yoduria no es un factor importante en el volumen del tiroides.

En el tercer trabajo se demuestra que el volumen tiroideo de los pacientes con
diabetes mellitus tipo 1 es mayor que en sujetos sanos, y que se debe a diferencias en la

composicidn corporal, especialmente la masa no grasa y el area de superficie corporal.

En el cuarto trabajo se describe la correlacion entre las variables
antropométricas, biologicas y de composicion corporal, con el volumen tiroideo y la

leptina, y la diferente regulacion de estos parametros en hombres y mujeres.



10

TRABAJOS PUBLICADOS



F. J. Maravall’

N. Gémez-Arnaiz'!
A. Guma?

R. Abds?

J. Soler

J- M. Gbmez'

Reference Values of Thyroid Volume in a Healthy,
Non-iodine-deficient Spanish Population

Abstract

Our aim was to assess reference values of thyroid volume by ul-
trasonography in healthy adult subjects. We conducted an epi-
demiological cross-sectional study where 880 subjects were
randomly selected from the town census of L’'Hospitalet de Llo-
bregat after being invited to participate in our study directly by
mail and phone call. We made a clinical history of each subject
and determined serum thyrotropin, antiperoxidase antibodies,
urinary iodine excretion and thyroid volume by ultrasonogra-
phy. Subjects with thyroid disease were excluded. We finally
studied 268 representative subjects. The reference thyroid vol-
ume was median 7.31 ml, mean 8.22 ml (Confidence Interval:
7.75-8.69ml). In men: median 9.19 ml, mean 9.87 ml (CI: 9.09 -

10.65ml); in women: median 6.19 ml, mean 6.57 ml (CI: 6.22 -
9.92ml) (p<0.0001). We grouped the subjects into decades,
and found that thyroid volume was different (p=0.0034) in
males because the younger group had lower volume. We did
not find any differences among age groups in women. The mean
of the urinary iodine excretion was 154.23 ng/l. We have deter-
mined reference values of thyroid volume measured by ultraso-
nography in our iodine non-deficient population and prepared
tables that distribute thyroid volume by sex and age.

Key words
Thyrotropin - Antiperoxidase antibodies - Urinary iodine excre-
tion - Iodine non-deficient - Cross-sectional study

Introduction

Determination of thyroid volume is important for the diagnostic
of thyroid diseases and therapeutic strategies as well as in asses-
sing treatment efficacy. It is also essential for epidemiological
studies to establish the prevalence of thyroid diseases particular-
ly in endemic goiter and iodine deficiency (ID) areas, and to plan
prevention programs such as prophylactic iodine administration.

Physical examination is not a reliable technique for determining
thyroid volume [1-3] or goiter prevalence [4,5] despite the
standardized methods used such as clinical goiter classification
by Perez et al. [6] at WHO, which has the problem of being
much more qualitative than quantitative. Results vary greatly
between and among observers, and much depends on the pa-
tient’s neck anatomy [7]. Different techniques do exist for deter-
mining thyroid volume such as Tc®*™ scintiscan [8], single-pho-
ton emission computer tomography [9], and positron emission
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tomography [10,11], but these techniques measure functional
volume and use ionizing radiations. CT scan [12] and magnetic
resonance imaging [13] obtains a thyroid volume with a high lev-
el of precision, but it has an elevated cost. Ultrasonography is a
precise technique and is the best alternative, being a simple
method as well as being the cheapest [2,8,11,14,15] and has no
adverse effects [14], but the method is not useful in goiter with
substernal extension [2,12,14,16,17].

Several factors are known to be involved in the regulation of thy-
roid volume; they have an influence on its variability. The differ-
ences between iodine intake, environmental factors and anthro-
pometrics attributes [18,19] may contribute to create many thy-
roid volume differences when measured in different geographi-
cal areas [20]. In addition, the sample size of different studies is
not representative of the population studied. A European project
was thus carried out in order to evaluate thyroid volume in a
population of schoolchildren in connection with iodine deficien-
cy levels in several European countries (Thyro-Mobil).

The aims of the present study were, first, to assess reference val-
ues of thyroid volume in a healthy adult population and to com-
pare with previous epidemiological studies, and second, to as-
sess the iodine deficiency degree in an area of Spain that had
not previously been studied.

Materials and Methods

Subjects were recruited from L’'Hospitalet de Llobregat, a town of
280,000 inhabitants. Eight hundred and eighty subjects were
randomly selected from the town census (1996), all of whom
were within 15 and 70 years old. They were classified according
to gender and age, and were invited to participate in our study
directly by mail and phone call, and finally by verbal informa-
tion. All subjects were fully informed of the purpose of the study
and gave their voluntary consent to take part in the investiga-
tion. The Ethics Committee at the Hospital approved the study.
We made a clinical recording of every subject, refusing candi-
dates with previous thyroid disease and first-degree family his-
tory of thyroid disease. Subjects recruited were in good health,
had no chronic illness (heart, kidney, or liver failure), were not
on medication affecting thyroid function, and had been living in
the town for the last four years. There was no evidence of any dif-
ferences between the initial sample and the subjects that partici-
pated in the study at the end regarding gender and age. After pre-
vious selection, 292 participants (33.18 %) were willing to enrol,
but 24 were excluded - six due to unknown thyroid dysfunction
(abnormal TSH), and eighteen due to previously undiscovered
nodular goiter diagnosed by ultrasonography. Finally, 268
healthy subjects were analyzed, 134 men and 134 women; distri-
bution by sex and age was representative of the L'Hospitalet de
Llobregat population. All subjects were questioned about tobac-
co and alcohol consumption. Weight, height, body mass index
(BMI), and waist-hip ratio (WHR) were determined. Thyroid size
was estimated by palpation according to the Perez classification
[6]. Plasma TSH within the normal range of 0.48-4.36 mU/I was
confirmed by a specific two-site enzymoimmunometric assay
(Elypse), and serum antithyroid peroxidase antibodies (TPO Ab)
were determined by radioimmunoassay (Bio Code, Izasa, Liege,

Maravall F] et al. Reference Values of Thyroid Volume -

Table1 Population characteristics

Whole group Men Women
Age (years) 41.06 (15.73) 41.38 (15.88) 40.73 (15.62)
Height (cm) 163 (10) 169 (7) 156 (7)
Weight (kg) 71.86 (14.83) 78.33 (13.01) 65.38 (13.71)
BMI (kg/m2) 27.15 (5.04) 27.30 (4.14) 26.99 (5.82)
WHR 0.86 (0.10) 0.93 (0.08) 0.79 (0.07)
TSH (mU/l) 1.59 (0.82) 1.49 (0.80) 1.68 (0.83)
TPO Ab (%) 7.08 5.97 8.20
UIE (ug/l) 154.2 (114.8) 156.0 (107.0) 152.4 (122.3)
Smoker (%) 25 29.85 20.14
Drunker (%) 11.66 21.64 1.49

Dates are expressed as the mean (+SD) and percentage.

Belgium); values higher than 80 IU/ml were considered positive.
Urinary iodine excretion (UIE) was measured in extemporary
samples according to the method by Benotti et al. [21]. Thyroid
volume was determined by ultrasonography according to the
method by Brunn et al. [15], and tests were performed by the
same experienced radiologist (G.A.) with the same equipment, a
7.5 MHz linear phased-array transducer (Toshiba Sonolayer SA
250). The subjects were examined in the supine position with
hyperextended neck and skin covered by acoustical gel. Longitu-
dinal and transverse scans were performed; the volume of each
lobe was calculated by multiplying the maximum thickness by
maximum length by maximum width by 0.479. Thyroid volume
was the sum of both lobes, and the isthmus was not included.
Nodules smaller than 5 mm were included in volume determina-
tion.

Results are expressed as a mean, median, and 95 % confidence in-
terval (CI). Relationships among variables were examined by
Pearson’s correlation coefficient. The thyroid volume values dis-
tributed into decades were not normally distributed according to
the Kolmogorov-Smirnov test. The Kruskall-Wallis non-para-
metric test was used to evaluate differences among decades,
and the Mann-Whitney non-parametric U-test was used to com-
pare gender. Values of p<0.05 were considered significant. All
statistical analyses were performed using the Statistical Package
for Social Sciences (SPSS/Windows v 6.0, SPSS inc., Chicago IL,
USA).

Results

The characteristics of the population studied are summarized in
Table 1. The mean age in men was 41.4 years (15 -70 year limits),
and 40.7 years (17 - 70 year limits) in women. All subjects were
classified as having goiter grade 0.

The TSH value was 1.59 + 0.82 mU/1. TPO Abs were positive in 19
subjects (7.08 %), 8 men (5.97%) and 11 women (8.20%). The UIE
was 154.22 + 114.8 g/1. Table 1 shows the cigarette-smoking fre-
quency (10 or more cigarettes at day) and alcohol consumption
(20 or more grams at day) of the individuals concerned.

Horm Metab Res 2004; 36: 645 - 649



Table2 Reference values of thyroid volume distributed by gender

MEN WOMEN

AGE (years) n Mean (ml) Median (ml) C.I (ml) n Mean (ml) Median (ml) C.I (ml)
15-20 17 6.61 6.25 5.90-7.32* 16 6.03 5.41 5.12-6.94
21-30 28 10.75 9.84 9.09-12.41 27 8.42 6.29 5.63-7.21
31-40 17 10.32 9.71 8.72-11.91 23 7.10 6.64 5.95-8.25
41-50 25 10.49 9.62 7.73-13.25 25 7.01 6.14 6.19-7.84
51-60 29 10.35 10.17 8.86-11.83 24 6.53 6.78 5.92-7.15
61-70 18 9.53 8.51 7.96-11.09 19 6.07 5.91 5.41-6.72
Whole group 134 9.87 9.19 9.09-10.65 134 6.57 6.19 6.22-6.92
* p=0.0034.

Table3 Thyroid volume epidemiological studies

Study Men Women Study Men Women
Gutekunst et al. [1] 9.1 (3.3-27.4) 6.9 (2.5-34) Gutekunst et al. [1] 23.1 (3.8-105.0) 13.3(2.6-124.1)
Berghout et al. [17] 13.2(6.7-20.4) 8.2(2.7-20.3) Nyagaard et al. [3] 12-18*

Wesche et al. [27] 10.3 (£3.4) 6.9 (£2.9) Hegedsiis et al. [20] 19.6 (£4.7) 17.5(x4.2)
Barrére et al. [28] 12.8-13.3* 83-93* Olbricht et al. [24] 16.7 (9-38) 13.5 (6-25)

Hintze et al. [29]
Knudsen et al. [30]
Mild ID

Moderate ID

19.2 (3.2-187.3) 16.6 (5.4-98.1)

15’8
19’5

9'6-12'4*
103-14'8*

Mean (+ standard deviation), median (limit values). *Medians concerning to age

The reference thyroid volume in our population was 7.31 ml me-
dian, 8.22 ml mean (CI: 7.75-8.69ml). Differences among dec-
ades were not found (p=0.91). The reference thyroid volume
was 9.19 ml median and 9.87 ml mean (CI: 9.09-10.65ml) in
men and 6.19 ml median and 6.57 ml mean (CI: 6.22-9.92 ml)
in women. Thyroid volume was significantly higher in men
(p<0.0001).

We grouped the subjects by gender into decades; the values are
summarized in Table 2, and they showed significant statistical
differences in men (p =0.0034) due to the effect that the young-
est group showed differences compared to every other group.
Significant statistical differences among age groups in women
were not found (p=0.42).

A negative correlation was found between thyroid volume and
TSH (r=-0.23, p=0.001). No correlations were found among
thyroid volume and iodine excretion positive TPO Ab, cigarette
smoking, or alcohol consumption in women, but a negative cor-
relation was found between alcohol consumption and thyroid
volume in men (r=-0.40, p=0.02)

Discussion
Ultrasonography is now considered the most reliable method in

determining thyroid volume and goiter prevalence, especially in
homogeneous glands without excessive size [4,15,20].
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groups.

The population participating was considered representative for
this study, as the subjects randomly selected from the census
had to go to the hospital on working days and undergo several
tests on a subject unknown to the majority of the population;
also, subjects with first-degree relatives having thyroid disease
were rejected. After excluding 24 subjects with hormonal and/
or ultrasonography thyroid disorders, the 268 remaining sub-
jects distributed by age and gender were representative of the
L'Hospitalet de Llobregat population.

This study presents the reference thyroid volume by ultrasonog-
raphy in adults for the iodine-replete individuals of this town as
a whole group and distributed according to sex and age. The
mean UIE reflects a daily intake within the range recommended
by WHO [22].

Local data are not only very useful when pathological volumes in
clinical medicine are to be established, but also in evaluating the
prevalence of disorders related to iodine deficiency and the ef-
fectiveness of preventing measures.

Thyroid volume is significantly correlated with age in children
[4,23]; in our adult population, only younger men, unlike wom-
en, showed significant differences among the other decade
groups. This might be because women conclude puberty devel-
opment earlier, and thyroid volume does not vary in size after
puberty [3,17] in subjects without pathology, in contrast to other
results by different authors [20,24]. Wiersinga et al. [25] showed
that most thyroid growth during puberty coincides with the ac-
celerated growth phase, which occurs earlier in women. Ashiza-
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wa et al. [26] studied 120,000 children and reported thyroid vol-
ume increase to be related to age in both sexes, but this increase
stopped in girls between 14 and 16 years old.

In previous studies on healthy populations, normal values varied
depending on the presence of iodine deficiency, and this leads to
a great variation in the thyroid volume to be considered as nor-
mal. The results of different studies are showed in Table 3.

Our results agree with other population studies in non-iodine
deficiency areas, and are very similar to the results found by Gu-
tekunst et al. [1] in a Swedish population that showed a median
thyroid volume of 9.1 ml in men and 6.9 ml in women. Berghout
et al. [17] showed median values of 13.2 ml in men and 8.2 ml in
women in a Dutch population. Wesche et al. [27] showed mean
values of 10.3 +3.4 ml in men and 6.9 +2.9 ml in women in Am-
sterdam. Barreére et al. [28] found volumes in an adult French
population whose medians range between 12.8 and 13.3 ml in
men and 8.3 and 9.3 ml in women.

On the other hand, higher thyroid volumes are found in iodine
deficiency areas; Heguediis et al. [20] found thyroid values of
18.6 +4.5 ml in a Danish population; Nyagaard et al. [3] obtained
thyroid volumes between 12 and 18 ml in women. Gutekunst et
al. [1] showed median values of 23.1 ml in men and 13.3 in wom-
en in a German population. Likewise, Olbricht et al. [24] obtained
median values of 16.7 ml in men and 13.5ml in women in a
healthy German population without goiter. Hintze et al. [29]
found median values of 19.2 ml in men and 16.6 ml in women in
a German population over 60 years of age. Knudsen et al. [30]
studied a Danish population from two areas with slightly differ-
ent iodine status (mild and moderate iodine deficiency) in men
aged 60- 65 years and women aged 18 - 65 years, finding median
values similar to other iodine-deficient areas.

Population studies performed on children in non-iodine-defi-
cient areas showed similar volumes in 14-year-olds to those
found in the first decade of our population; Vitti et al. [4] and
Aghini-Lombardi et al. [31] found values of 6.3 + 1.5 ml. However,
Wiersinga et al. [25] reported medians of 12.1 ml in men and
8.9 ml in women at 18 years old in a study on schoolchildren in
a Dutch population. These volumes are clearly lower than those
obtained by Delange et al. [32] in a great population study per-
formed as part of the Thyro-Mobil project that established the
highest limit of normality for 15-year-old subjects in non-io-
dine-deficient areas at 16 ml for boys and 16.1 ml for girls.

A negative correlation between thyrotropin and thyroid volume
was obtained according to Barrére [28], but contrasted with
other studies [1,17,20]; there is no clear hypothesis to explain
thyrotropin’s influence on thyroid volume in normal glands
without nodular disease in non-iodine-deficient areas. No corre-
lation could be found between iodine excretion and thyroid vol-
ume as in other iodine-sufficient areas [1,17] in contrast to io-
dine-deficient areas [33]. Likewise, no correlation could be found
between positive TPO Ab and thyroid volume; this is probably
due to the exclusion of subjects with autoimmune thyroid dis-
ease. No influence of cigarette smoking on thyroid volume could
be confirmed; however, a negative correlation could be meas-
ured between alcohol consumption and thyroid volume in men;
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in previous studies, this influence was related to alcohol’s direct
toxic effects on the thyroid gland [14] or to alcohol’s protective
effect against developing thyroid gland disease [34]. The lack of
evidence for a correlation in women is probably due to the lack of
female drinkers tested.

Obviously, larger population studies are required to achieve nor-
mal values for thyroid volume in healthy subjects, whereby
standardizing the ultrasonography technique to assess thyroid
volume would be necessary to minimize variation between and
among observers [35]. The data obtained according to other
studies in non-iodine-deficient areas as well as the random na-
ture of the test population in this study validate the results as re-
ference values for thyroid volume in an adult healthy population.
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Summary

OBJECTIVES The relationship between thyroid
volume and anthropometric characteristics is a
matter of controversy. The aim of this study was to
investigate thyroid volume and its determinants in
healthy adult subjects from a noniodine-deficlent
area.

DESIGN AND PATIENTS Of the 280 000 inhabitants of
the city, served by L'Hospitalet de Llobregat, we
randomly selected 880 subjects from the census of
the city. The participation rate in the study was 44%;
after application of several exclusion criterla, a further
28 subjects were excluded because of previously
diagnosed thyroid disease. We finally studied 268
subjects representative of the census of the city: 134
male and 134 female, without thyroid disease. We
determined the anthropometric characteristics, body
mass index, waist-hip ratio, body surface area; body
composition by bioelectrical impedance analyser;
thyrold volume by ultrasonography; basal TSH,
antithyroid antibodies and urinary lodine excretion.
RESULTS Thyrold volume in eur population was
higher in males (9:19ml, CI 9.09-1065) than Iin
females (6-19ml, Cl 6.02-6.92), P=0.001. Significant
correlations were found among thyroid volume and
body weight (r=0:39, P=0:0001), height (r=0-44,
P—0.0001), body mass index (r=0.13, P=0.02),
walst-hip ratio (r=0.38, P=0.0001), body surface
area (r=0-48, P=0.0001), total body water (r=0-14,
P=0.02), free fat mass (r=0-47, P=0-0001), fat mass
(r=0-37, P=0.001) and body fat (r=0:32, P=0.001).
Negative correlation was found between thyroid
volume and basal TSH (r= -0-26, P=0-001). No cor-
relations were found among thyroid volume and
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iodine excretion, previous pregnacies in women,
cigarette smoking and alcohol consumption. In a
multiple regression analysis with thyroid volume as
the dependent variable, body surface area was
demonstrated ta account for the 44% of variation of
thyroid volume (P=0.0001). .

CONCLUSION It is important to know the reference
values of the thyroid volume In a population free of
lodine deficiency and its determinants. Body surface
area accounts for much of the variation of thyroid
volume. Age, gender, anthropometric variables, body
composition varlables and biological variables, do
not significantly influence the thyroid volume when
considered as possible additions to this baseline
model.

Thyroid volume is usually determined clinically but recent
reports define ultrasonography (US) as a more precise method
of determining gland volume, and its accuracy as higher than
that of clinical examination in establishing the presence of
goilre, US volumelry is now considered the most reliable
method of determining thyroid volume (Brunn ef al,, 1981
Leisner, 1987; Hegedils ef al., 1990; Nygaard ef al., 1993, Vit
el al,, 1994),

Several factars are known (o be involved in the regulation of
the valume of the thyreid gland, and the most extensively
studied are the effects of indine on the thymwid gland, The
relationship among thyroid size, age, sex and anthropometric
characteristics is a matter of controversy and some of these
characleristics appear as determinants of thyroid velume in
different studies of adulis or children (Hegedils er al., 1983,
Gutekunst e al., 1986; Berghout ef al., 1988; Nygaard ef al,,
1993%: Vitti et al., 1994; Lishoa er al,, 1996).

In order to obiain the reference values of US thyroid volume,
a group of healthy adults was studied in our noniodine-deficient
area using an accurate US method, The aim of this prospective
study was 1o investigate thyroid volume and its determinams in
healthy subjects randomly selected from among 280000
inhabitants living in the city, at L'Hospitaler de Llobregat,
Barcelona.

Subjects and methods
Subjects

Subjects were recruited from L'Hospitalet de Llobregal, a
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working-class community adjacent to Barcelona with 280000
inhabitants, All participants were identified by the eensus and
sell-identified as living for at least the last 4 years in the city.
Eight-hundred and eighty adull subjects were randomly
selected from the cemsus of the city and were invited to
participate in the study; cither directly by mail or phone call and
finally by verbal information. They were fully informed of the
purpose of the study and gave their voluntary consent Lo take
part in the investigation. The study was approved by the ethics
committee at the hospital. The participation rate was 44% with
the following exclusion criteria: subjects with goitre, subjects
with family history of autoimmune disease, subjects with past
or present autoimmune thyroid discase, individuals treated with
thyroid hormones, antithyroid drugs or drugs containining
iodine. Twenty-four subjects submitted for the study were
omitted from US study becanse of clinical presence of
previously undiagnosed nodular goitre in 10 cases and multi-
nodular goitre in 14 cases. Thus, the final study group consisted
of 296 adult subjects, representative of the whole population of
the city in sex and decade distribution, and were submitted to
clinical and US examination of the thyroid. Twenty-eight
subjects were excluded after clinical and US examination, four
because abnormal sonographic echo-patterns were observed
with nodular goitre greater than [0 mm in diameter, 10 because
of multinodular goitre was observed, 14 because positive
antithyroid peroxidase or antithyroglobulin antibodies of which
three had with coexistent low basal TSH levels and one had
high basal TSH levels, Furthermore, we observed 22 subjects
with nodules smaller than 10 mm, mean 4 mm, distributed in the
last three decades and they were included in the study. The 268
subjects included in the study, 134 male, aged 414 years, range
15-70 years and 134 female, aged 407 years, range 15-70
years, were divided according to sex and decade. The study was
performed from April 1998 until May 1999. In women we
assessed the number of previous pregnancies. To determine
whether  subjects consumed iodized salt, an appropriate
questionnaire was administered and all subjects were ques-
tioned about tobacco, expressed as number of cigarettes/day
and alcohol consumption, expressed as g/day.

Body mass index (BMI) was calculated as body weight
divided by height (m) squared [kgr’mz}; obesity was considered
if the BMI was greater than 30 kg/m’, and we determined waist-
hip ratio, The body sur face area (BSA) in m? was caleulated by
using the formula:

BSA = WHB x HYTB % 71-84 % 1074

where W is the weight in kg and H the height in cm (DuBois
& DuBois, 1916).

Thyroid size was estimated by palpation by one expert
examiner, and was scored according to the WHO criteria (Dunn
& Madeiros-Neto, 1974) (grade (), no palpable or visible goitre;

grade 1 an enlarged thyroid that is palpable but not visible when
the thyroid is in a normal position; grade 2, a palpably enlarged
thyroid visible when the neck is in a normal position).

Thyroid ultrasonography and echogenicity studies were
performed and interpreted by the same experienced radiologist
(A.G.), intraohserver variability was 10%, using the same
cquipment with a 7-MHz linear phased-array probe (Toshiba
Sonelayer SA 250), The subjects were examined in the supine
position with hyperextended neck and skin covered by acoustic
gel. Thyroid volume was measured as reported previously
(Brunn et al., 1981). Longitudinal and \ransverse scans were
performed, allowing the measurement of the depth, the
width and the lengh of each lobe. The volume of each
lobe was calculated by the ellipsoid formula (volume in ml= 1/
Gpi x maximum thickness x maximum length x maximum width).
Total thyroid volume was the sum of both lobes, and the isthmus
was not included. Nodules smaller than 10mm detected by
ultrasonography, were included in volume determination.

Body composition was determined by a bioelectrical
impedance analyser using formula provided by the manufacturers
(Holtain BC Analyser, London, UK) (Lukaski et al., 1986). The
results are expressed as: total body water in litres, free fat mass
in kg, fat mass in kg, and body fat percentage. The precision of
this test in determining [al mass is within = 3%. All
examinations were done by the same investigator (F.J.M.).

Plasma TSH (normal range 0-48—4-36 mU/) was determined
by a specific two-site enzymoimmunometric assay (Eleosys
2010, Bochringer Mannheim, Germany). Serum antithyroid-
peroxidase and antithyroglobulin antibodies were determined
by radioimmunoassay (Bio Code, lzasa, Licge, Belgium).
Values higher than 40 IU/ml were considered as positive.
Urinary iodine excretion was measured in extemporary samples
in all subjects and determined according to the method of
Benatti (Benotti er al., 1965). Urinary iodine excretion are
expressed as a median.

Usual statistics (mean, SD, median and percentage) have
been used to describe the data. The Kolmogorov-Smirnov test
was applied separately for men and women to check normality
of the thyroid volume and 95% CI were calculated for thyroid
volume. Kruskal-Wallis nonparametric testing for independent
samples was used to compare quantitative data of thyroid
volume among decade groups. Relationships among variables
were sought by Pearson’s correlation coefficient and by
multiple regression analysis with forward selection. The
regression coefficient generated: by this analysis indicates the
slope of the association among the dependent variable and
the specified independent variables, after adjusting for other
independent variables in the model (Rossner, 1990). P-values
of <005 were considered statistically significant. All statistical
analysis was performed using the Statistical Package for Social
Sciences (SPSS for Windows, SPSS Inc,, Chicago, 1L, USA).

© 2000 Blackwell Science Ltd, Clinical Endocrinology, 53, 629-634
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Table 1 Characteristics of the population
studied. Data are expressed as median = 5D

Age (years)
Height {cm)
Weight ikg)

Body mass index (kgm®)

Waist-hip ratio

Boddy surface area (m’)

Thyroid volume (ml)
Bagal TSH (mUA)

Urinary iodine excretion ()

Total body water (1)
Free fat mass (kg)
Fat mass (kg)

Buody fat (%)

Whole group Males Females
41062 1573 4138 * 1588 073 2 1562
16295 169 % 68 155267
T8+ 1483 THAZT£ 13 [ R
2714 = 5404 32404 2609 = 531
086 £ 0] D93 =01 020110
176 0:19 188 = 016 |6 £ 0-15
§22£302 .87 = d.61 657 = 2.08
1-58 * (+32 1-49 =8 16T X081
15422 £ 1148 156 % 107 15243 £ 2238
3804 =753 422579 13454 444
5333 £ 1032 60-B5 £ 7.9 4582+ 609
18:5] £ 981 1747 £ 6.29 19:56 = 10:23
2494 = 10 b+ 07

2142+ 000

Results

The charneteristics of the pepulation studied are summarized in
Table 1. BMI in the whole group was 27-1 = 5kg/m” and the
prevalence of obesity was 18-9% in male and 24-6% in female.
All subjects were classified as having goitre grade 0. Seventy
percent of women had had one or more pregnancies. The
answers to the questionnaire documented that 49-3% of the
subjects had regularly used iodized salt, 30-22% of subjects
were smokers (more than 10 cigarettes/day) and 18-65%
usually drank aleohol (more than 20 gfday). All subjects had
negative antithyroid-peroxidase or antithyroglobulin  anti-
bodies. The mean iodine excretion was 154-2 ug/l, without
any significant variation depending on the season in which it
was performed and was higher in the subjects of the last decade
(16058 ug/l, P=0.002). Thyroid volume in our control
population was higher in males (median 919 ml, CI 909-
10-65) than in females (619 ml, CI 6:02-6:92), P=0.001, and
similar in the different decades for each sex (Fig. 1), except in
patients younger than 20 years (median 6:25 ml, C1 59-7-32) in
males, P=0001 and 54lml, CI 512-6:94) in females,
P=0401, We therefore grouped them together with a median
walue for men and for women (Table 1), Significant correlations
were found among thyroid volume and body weight (r= 039,
Y= (0001) (Fig. 2), height (r=044, P=00001) (Fig. 2),
BMI (r=0:13, P=0:02), waist-hip ratio (r=0-38, P = 0001),
BSA (r= 048, F=0:0001) (Fig. 2), total body water (r=0-14,
P =002), free fat mass (r= 047, P =00001) (Fig. 2), fat mass
(r=0:37, P=0001) and body fat (r=032, P=0001).
Megative correlation was found between thyroid volume and
basal TSH (r= =026, P= 0001} (Fig. 3).

Mo correlations were found among thyroid volume and
iodine excretion, number of previous pregnancies, cigarene
smoking and aleohol consumption,

A multiple regression analysis was performed to determine
the independent variables that significantly predict the thyroid

© 2000 Blackwell Science Lud, Clinical Endocrinolagy, 53, 629-634

volume, The baseline characteristics vsed were; age, gender,
weight, height, BMI, waisti-hip ratio, BSA, wtal body water,
free fat mass, fat mass, body fat, basal TSH, iodine excretion,
number of previous preganancies, cigarette smoking and
alcohol consumption. In this madel BSA had a significant
association with thyroid volume and accounted for 44% of the
variation in thyroid volume (P =00001). The other variables
did net atain significance when considered as possible
additions to the baseline model,

Discussion

This arlicle presents the reference thyroid volume in adults, for
the iodine-replete individuals of this city with o mean iodine
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Fig. 1 Thyroid volume in the different decades. Data are expressed

as median and percentile 25th and 75th in boxes and percentile 3rd
and 971h as whiskers. From the second decade onwards, the
difference was significant in hoth sexes, P s 0001 in males (M) end
P=0:01 in females ().
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excretion of 1542 ug/l reflecting a daily intake into the optimal
intake recommended by the WHO (Dunn & Madeiros-Neto,
1974: Delange et al., 1997). We were unable to demonstrate a
relationship between thyroid volume and fodine excretion and
studies conducted in countries free of iodine deficiency do not
support the view of an association between iodine intake and
thyroid volume (Berghout ef al., 1987). In studies conducted in
countries with mild iodine deficiency, thyroid volume differs
significantly from volumes observed by us, with volumes of
19-6ml and 17-5ml found in males and females, respectively,
in Copenhagen (Hegedils et al., 1983). Similarly, in countries
with borderline iodine deficiency, such as France, volumes of
133ml and 89ml were found in males and females,
respictively, These data underline the fact that other lactors
are also operating, such as increased thiocyanate urinary
concentrations (Barrére er al., 2000). Thiocyanate is an
important by-product of smoking exposure and its influence
over thyroid growth has been decumented (Bartalena et al.,

© 2000 Blackwell Science Ltd, Clinical Endocrinology, 53, 629-634



1995). Some other studies have demonstrated a goitrogenic
effect of smoking (Borup Christensen ef al., 1984; Nygaard
ef al., 1993), We did not find any cotrelation between thyroid
volume and smoking habits, in agreement with a recent study
which has demonstrated that smoking habits present 2
goitrogenic tendency only in subjects with a family history of
goitre (Georgiadis e al,, 1997), or when borderline iodine
deficiency is observed (Barrére ef al. 2000).

Thyroid volume correlated negatively with basal TSH
without the presence of autoimmunity, The inverse correlation
between thyroid volume and basal TSH has been observed in
the study of Barrére er al. (20000, while results from Hegedils
etal, (1983), Gutekunst et al, (1986) and Berghout ef al, (1987)
concluded that there is a lack of significant correlation between
TSH levels and thyroid volume, suggesting that a wide variety
of environmental agents may stimulate thyroid growth,

We observed larger thyroid volumes in males than in
females, data that is also supported by other studies: previous
autopsy studies and studies employing US have demonstrated a
significantly higher thyroid volume in males as compared to
females (Hegediis er al,, 1983; Berghout er al., 1987, Barrére
et al. 2000), We did not observe a correlation between thyroid
volume and increasing age, except in the case of younger
people, in contrast to others (Hegediis er al., 1983; Olbricht
et al., 1983; Berghout er al., 1988) or a negative relationship
between thyroid volume and age for the female group (Bamére
et al. 2000). Some suggest that an explanation for an increase in
thyroid weight with increasing age could be a lower indine
intake in the higher age groups (Hegedis et al., 1990), We have
demonstrated higher urinary excretion of iodine in the subjects
of the last decade.

Different studies emphasized the potential risk of goitrogenic
stimulation in both mother and newborn during pregnancy, in
the presence of mild iodine deficiency (Glinver et al., 1995),
The question of reversibility during the postpartum period
remains open for futher investigation, In our study the number
of previous pregnancies was not associated with a significant
increase in thyrold volume.

In our study, elevated BMI and the prevalence of obesity s
higher than the general prevalence in Spain, this being 11:3%
among men and 15:2% among women (Aranceta et al., 1998),
A positive correlation between thyroid volume and body weight
in males as well as in females was found, At present it is not
clear whether thyroid volume relates best 10 muscle mass or o
total hady weight (Hegedils er al., 1990); and for some authors
lean hody mass is the most important physiological determinant
of thyroid mass in subjects living in a noniodine-deficient area
(Rerghout er al., 1987). Moreover, Wesche et al. (1998),
demonstrated that lean body mass as estimated by bioelectical
impedance, was found to be the best determinant of thyroid
volume, In our study free fat mass is also an important

2000 Blackwell Science Lid, Clinical Endocrinalogy, 53, 629-634
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determinant of thyroid volume. Significant correlations have
been demonstrated between thyroid volume and body height
and BSA in adults in our study and in previous ones in adults
(Guiekunst ef al., 1985; Berghout ef of., 1987; Barire et al,
20000 or in children (Lishda ef al, 1996). Consequently,
thyroid volume correlates with variables relating to body size.
and these variables should be considered when the normal
range of thyrold volume is assessed. In our study, age, gender,
anthropometric variables, body composition variables and
biological variables had no independent effect on Ahyyroicl
volume. The observed effect of these variables on the thyroid
yolume are accounted for their relationship with BSA.

We did not find a correlation between aleahol consumption
and thyroid volume as has been previously su peested (Hegedis,
1984). i

The elinical estimate of thyroid volume is prone to error,
generally to an overestimation of the presence of goitre {Lishoa
et al., 1996). Tt is, therefore , important o know the reference
values of thyroid volume in a population free of fndine
deficiency and its determinants, especially BSA. The effect of
age, gender, anthropometric variables, body compasition
variables and biolagical variables over thyroid volume do nol
significantly influence thyroid volume when considered as
additions to the baseline model.
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Thyroid Volume As Measured By Ultrasonography
in Patients With Type 1 Diabetes Mellitus without

Thyroid Dysfunction
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Abstract

The aim of this cross-sectional study was to assess and compare
thyroid volume and its derminants in a cohort of type 1 diabetes
mellitus (DM1) and compare the results to a healthy control
group. We studied 65 DM1 patients treated with an intensive in-
sulin regimen and 65 matched controls. In all participants we
evaluated weight, height, BMI, waist-hip ratio, body surface
area and body composition variables determined by using a
bioelectrical impedance analyser. Thyroid size was estimated by
ultrasonography. We determined basal TSH, anti-thyroid antibod-
ies and urinary iodine excretion. Body weight, height, BMI and
body surface area were similar in DM1 patients and in controls.
Fat-free mass was higher in both male and female DM1 patients
than in controls (64.4+6.9 vs. 60.4+8.2kg, p=0.03 and
48.3+5.7 vs. 45.4+6, p=0.04, respectively), and fat mass was
lower in male DM1 patients than in controls (9.7+7 vs.
14.2 £8.1 kg, p=0.01). Thyroid volume was greater in both male

and female DM1 patients than in controls (11.12+2.87 vs.
9.63+2.27ml, p=0.0001 and 9.5+2.3 vs. 7.7 +2ml, p=0.002,
respectively). Urinary iodine excretion was similar in the two
groups. In both DM1 patients and controls, thyroid volume cor-
related with weight, height, BMI, waist-hip ratio, body surface
area, fat-free mass and the multivariate linear regression analy-
sis with thyroid volume as the dependent variable showed that
fat-free mass in either group was the only significant determi-
nant of thyroid volume. We conclude that DM1 patients had lar-
ger thyroid volume compared with healthy controls with similar
anthropometry; body composition is different in DM1 patients
and that the anthropometric and body composition variables,
especially fat-free mass and body surface area, predict thyroid
volume either in DM1 patients or in healthy controls.

Key words
Anti-thyroid Antibodies - Cross-sectional Study - Type 1 Diabetes
Mellitus - Thyroid Volume - Thyrotropin - Ultrasonography

Introduction

Ultrasonography (US) is an accurate and precise method for
measuring thyroid size in vivo [1,2] and that has allowed the a-
nalysis of the determinants of thyroid volume in different popu-
lations. However, interpretation of thyroid US requires valid re-
ference criteria from the iodine-sufficient population. Several
physiological and pathological factors can influence thyroid vol-
ume, including iodine supply [3], age, sex, weight, height, body
mass index (BMI), body surface area (BSA), lean body mass [4],

pregnancy [5], smoking [6], alcohol ingestion, natural goitrogens
and thyroid autoimmunity [7], but their relative importance is a
matter of controversy. In healthy adults living in non-iodine or
borderline deficient areas, anthropometric and body composi-
tion variables as BSA and fat-free mass have been described as
the best determinants of thyroid volume [4,8,9].

There are few studies on thyroid volume in type 1 diabetes mel-
litus (DM1) patients, and reports on thyroid volume and urinary
iodide excretion in patients with DM1 are not available in adults;
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Table 1 Anthropometric, body composition, clinical, biochemical characteristics and thyroid volume in men with the type 1 diabetes melli-

tus (DP) and controls (C)

DP C Lower bound 95% Upper bound 95% p
Cl of the difference 1 of the difference

N 36 36
Age (years) 26.8+5.1 25.7+5.2 -4.6 0.47 0.1
Anthropometric variables
Weight (Kg) 741483 746+13.2 -5 6.1 0.85
Height (m) 1.73+0.06 1.7+0.07 -0.06 0.04 0.08
BMI (Kg/m?) 24.6+2.8 25.5£3.6 -0.742 2.49 0.28
Waist/hip ratio 0.84+0.05 0.86£0.06 -0.01 0.04 0.31
Body surface area (m?) 1.88+0.11 1.86+0.18 -0.09 0.05 0.62
Body composition variables
Fat-free mass (Kg) 64.4+6.9 60.4+8.2 -7.7 -0.37 0.03
Fat mass (Kg) 9.7+7 14.2+8.1 0.84 8.13 0.01
Other variables
Smoking (%) 63.4 4438 = = 0.14
Alcohol consumption (%) 21 30 - - 0.15
lodized salt (%) 51.2 65.5 - - 0.32
Basal TSH (mU/l) 1.6+£1.14 1.56+0.78 -0.56 0.41 0.76
UIE (ug/l) 140.3+113.5 128.1+77.6 = = 0.1
Thyroid volume (ml) 12.12+2.87 9.63+2.27 -3.7 -1.21 0.0001

Data are presented as means = standard deviation or percentage. DP, diabetic patients; C, controls; BMI, body mass index; UIE, urinary iodine excretion.

data on children showed that US determined parameters on thy-
roid size were correlated to anthropometric data and urinary io-
dide excretion [10,11], but other authors were unable to confirm
these findings [12]. Bianchi et al. [13] demonstrated that a re-
markable proportion of adult patients with DM1 had US detect-
able alterations in thyroid volume without evidence of thyroid
disease. However, the selection criteria were heterogeneous in
all these studies, and did not report any data on body composi-
tion and their possible interrelation with thyroid volume; it ap-
pears that there are differences in anthropometry and body com-
position variables between DM1 patients and controls as have
recently been described [14,15].

The aim of this cross-sectional study on DM1 is to analyse thy-
roid volume in a cohort of DM1 patients in comparison to a pop-
ulation of controls randomly selected in order to assess whether
we can observe differences in thyroid volume in absence of thy-
roid dysfunction and autoimmunity and whether the interpreta-
tion of the disagreement in normative reference values for DM1
patients is a consequence of the differences in the anthropome-
tric and body composition variables observed in these patients.

Materials and methods

Subjects

From 1993 to 1997, all newly diagnosed DM1 patients attending
the Endocrine Unit were included in a study on the prevalence
and influence of thyroid autoimmunity during the first years of
evolution of the disease [16]. In 1999, the initial cohort of pa-
tients (n=111) younger than 40 years that continued the fol-
low-up in the Endocrine Unit were invited to participate in a
cross-sectional study of thyroid volume in DM1 of short evolu-

Gomez JM et al. Thyroid Volume in Type 1 Diabetes Mellitus -

tion; 83 of 111 eligible patients participated in the study. Seven
patients were excluded because of previous autoimmune thyroid
dysfunction (six primary hypothyroidism, one treated Graves’
disease) and 11 were excluded because of positive serum anti-
thyroid peroxidase antibodies. The characteristics of the 65 pa-
tients, 36 men and 29 women, included in the final analysis are
shown in Table 1 and 2. Diagnosis of DM1 was made according to
the presence of classical clinical criteria of insulin dependence
[17] to immunological data (presence of glutamic acid-decarbox-
ylase antibodies, 75.4% of the DM1 patients, and tyrosine phos-
phatase antibodies, 49.2%, and one or both immunological mar-
kers, 81.5%), and to the assessment of insulin-secretory reserve
(post-glucagon C-peptide levels lower than 1 nmol/l) [16]. All
diabetic patients were given instructions for diet and physical
activity, and were prescribed a diet of 1,500 - 2,500 Kcal/day. All
patients were treated with an intensive insulin regimen to
achieve near-normal glucose levels and HbA1c values; no history
of use of drugs known to affect the thyroid function was present
in these 65 patients.

Sixty-five healthy adults, 36 men and 29 women without any
history of DM1 and thyroid disorders were used as a control
group and were recruited from L'Hospitalet de Llobregat, the
same area in which diabetic patients were living; this city is a
working-class community adjacent to Barcelona with 280,000
inhabitants, and all participants were randomly selected from
the census of the city and invited to participate in the study, di-
rectly by mail and phone call, and finally by verbal information.
Every DM1 patient was matched with a control case of the same
sex and age (+ two years). The controls recruited were in good
health with no known diseases, and were not currently following
a weight-loss diet. Subjects with goitre, past or present autoim-
mune thyroid dysfunction, or on treatment with thyroid hor-
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mones or drugs containing iodine and subjects with positive se-
rum anti-thyroid peroxidase antibodies were not included in the
sample.

All patients and controls were fully informed of the purpose of
the study and gave their voluntary consent to take part in the in-
vestigation, and the study was approved by the ethics committee
at the hospital.

Methods

The study was performed from April 1998 to May 1999; the par-
ticipants answered appropriate questionnaires concerning pre-
vious thyroid diseases and medications to evaluate iodised salt
consumption and tobacco smoking (expressed as cigarettes/
day) and alcohol consumption (expressed as g/day) before at-
tending the investigation.

Height and weight were measured using standard anthropomet-
ric techniques and BMI was calculated (kg/m?2), and we deter-
mined waist-hip ratio. BSA in m? was calculated by using the for-
mula BSA = W0425x H0.725x 71,84 x 10-4, where W is the weight
in kg and H the height in cm [18].

Body composition was determined during peripheral application
of an excitation current of 800 nA at 50 kHz, using a bioelectrical
impedance analyser and the formula provided by the manufac-
turers (Holtain BC Analyser, UK) [19]. The results obtained were:
total body water in |, fat-free mass in Kg and fat mass in kg. The
precision of this test in determining fat mass was within + 3 %. All
examinations were done by the same investigator (FJ.M.), and
were performed after emptying the bladder.

Thyroid size was estimated by palpation by one expert examiner,
and was scored according to the WHO criteria [20]. Thyroid ul-
trasonography and echogenicity studies were performed and
interpreted by the same experienced radiologist (A.G.) using the
same equipment with a 7 MHz linear phased-array probe (Toshi-
ba Sonolayer SA 250). The intra-observer variability was 10%.
The subjects were examined in the supine position with hyper-
extended neck and with skin covered by acoustical gel. Thyroid
volume was measured as reported previously [21]; longitudinal
and transverse scans were performed, allowing the measure-
ment of the depth, the width and the length of each lobe. The vol-
ume of each lobe was calculated by the ellipsoid formula (vol-
ume in ml="/s IMxmaximum thicknessx maximum length x
maximum width). Thyroid volume was the sum of both lobes ex-
cluding the isthmus; in each subject, three measurements were
performed and the mean volume was calculated.

HbA,. was determined by high-performance liquid chromatog-
raphy (HA 8140, Menarini Diagnostics, Florence, Italy). Plasma
basal TSH was determined by a specific two-site enzymoimmu-
nometric assay (Elecsys, Boehringer Mannheim, Germany). Se-
rum anti-thyroid peroxidase and anti-thyroglobulin antibodies
were determined by radioimmunoassay (Bio Code, Izasa, Liege,
Belgium) and values higher than 40 IU/ml were considered as
positive. Urinary iodine excretion was measured in extemporary
samples in control subjects and in 24 h samples in diabetic pa-
tients according to the method of Benotti et al. [22].

Gomez JM et al. Thyroid Volume in Type 1 Diabetes Mellitus -

Data are expressed as meanz standard deviation. Usual statistics
(mean, standard deviation, median, confidence intervals of the
differences, and percentage) have been used to describe the
data. The Kolmogorov-Smirnov test was applied to check nor-
mality of the variables in the different groups. Non-Gaussian-
distributed variables were log;, transformed to achieve normal-
ity and this was applied to TSH concentrations in women. The bi-
variate analysis was performed by using the independent sample
t-test for equality of means. For the analysis of TSH concentra-
tions in women, we applied the Mann-Whitney U-test. DM1
and control groups were compared using the non-parametric
test Chi-squared and tabulation was used to compare binomial
proportions. Multivariate linear regression analysis was con-
structed to estimate final predictor of thyroid volume with thy-
roid volume as the dependent variable. The regression coeffi-
cient generated by this analysis indicates the slope of the asso-
ciation among the dependent variable and the specified inde-
pendent variables after adjusting for other independent vari-
ables in the model [23]. Values of p < 0.05 were considered statis-
tically significant. All statistics analysis was performed using the
Statistical Package for Social Sciences (SPSS/Windows v 8.0, SPSS
inc., Chicago IL, USA).

Results

Anthropometric and body composition data of DM1 patients and
healthy controls are summarised in Tables1 and 2. The body
weight, height, BMI, waist-hip ratio and BSA were not different
in either male or female groups. Fat-free mass was higher in the
DM1 group (64.4+6.9 vs. 60.4+8.2kg, p=0.03 in men and
48.3 +£5.7 vs. 45.4 £ 6 kg, p=0.04 in women). Fat mass was lower
in men DM1 patients than in controls. Forty-six percent of the
patients and 45.8 % of the controls were smokers (more than 10
cigarettes/day) and 15.4% of the patients and 21.5% of the con-
trols usually drank alcohol (more than 20 g/day). The mean uri-
nary iodine excretion was 132.2 ug/l in patients and 115.8 ug/l in
controls and was similar in both groups (Tables 1 and 2). The in-
sulin requirements of the DM1 patients were 0.65 % 0.25 U/kg
and the HbA1c values 6.6 + 1.4%.

All subjects were classified as having no goitre and TSH basal
concentrations and were similar in both groups. Thyroid volume
was greater in DM1 patients than in controls, 11.12+2.87 vs.
9.63+2.27ml, p=0.0001 in men (Table 1), and 9.5+2.3 vs.
7.7 +2ml, p=0.002, in women (Table 2). No nodules larger than
five mm were found either in DM1 patients or in controls.

In all subjects, DM1 patients and controls, thyroid volume cor-
related with DM1 status (r=0.61, p=0.0001), weight, height,
BMI, waist-hip ratio, BSA, fat-free mass but not with age basal
TSH concentrations and urinary iodine excretion; there was no
difference between patients and controls in tobacco (p=0.3) or
alcohol (p=0.1) consumption. HbA;. was also negatively cor-
related with thyroid volume in DM1 patients (Table 3).

Taking into account all variables in the both groups, multivariate
linear regression analysis produced a final model that explained
47 % of thyroid volume variability in the whole group, patients
and controls; only fat-free mass and BSA brought an indepen-
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Table2 Anthropometric, body composition, clinical, biochemical characteristics and thyroid volume in women with the type 1 diabetes mel-

litus (DP) and controls (C)

DP C Lower bound 95 % Upper bound 95 % p
Cl of the difference 1 of the difference

N 29 29
Age (years) 26.1+5.4 26.7£6.2 -2.59 3.7 0.72
Anthropometric variables
Weight (Kg) 63.9+9.9 60.8+9.7 -82 2.15 0.24
Height (m) 1.59+0.05 1.59+0.06 -0.03 0.03 0.9
BMI (Kg/m?) 24.9+3.48 23.7£3.1 -2.87 0.58 0.19
Waist/hip ratio 0.73+£0.04 0.75+0.05 -0.008 0.04 0.19
Body surface area (m?) 1.6+0.1 1.6+0.1 -0.1 0.03 0.33
Body composition variables
Fat-free mass (Kg) 48.3+5.7 45.4+6 -5.96 -0.25 0.04
Fat mass (Kg) 15.546.9 15.3+6.2 -3.59 3.26 0.92
Other variables
Smoking (%) 25 472 = = 0.08
Alcohol consumption (%) 8 11.6 - - 0.2
lodized salt (%) 70.8 52.8 - - 0.18
Basal TSH (mU/l) 1.69+1.08 1.59+0.96 - - 0.48
UIE (ug/l) 119.7+49.9 110.4+70.7 -51.8 -15.1 0.15
Thyroid volume (ml) 9.5+£2.3 7.7+2 -2.96 -0.68 0.002

Data are presented as means = standard deviation or percentage. DP, diabetic patients; C, controls; BMI, body mass index; UIE, urinary iodine excretion.

Table 3 Correlations among thyroid volume as a dependent variable and other independent variables

Groups analysed Age Weight Height BMI Waist-hip BSA Fat-free mass TSH UIE HbAT1,
ratio

All subjects r=0.13 r=0.629 r=0.584 r=0.626 r=0.348 r=0.669 r=0.67 r=0.15 r=0.11 -
p=0.142 p=0.0001 p=0.0001 p=0.0001 p=0.0001 p=0.0001 p=0.0001 p=0.3 p=0.11

Diabetic patients r=0.1 r=0.626 r=0.566 r=0.534 r=0.467 r=0.632 r=0.672 r=0.12 r=0.1 r=-0.561
p=0.11 p=0.0001 p=0.0001 p=0.0001 p=0.0001 p=0.0001 p=0.0001 p=0.2 p=0.11 p=0.0001

Controls r=0.12 r=0.629 r=0.584 r=0.36 r=0.348 r=0.669 r=0.67 r=0.1 r=0.09 -
p=0.12 p=0.0001 p=0.0001 p=0.001 p=0.001 p=0.0001 p=0.0001 p=0.1 p=0.1

BMI, body mass index; BSA, body surface area; UIE, urinary iodine excretion.

dent significant contribution to thyroid volume variability. Nota-
bly, only fat-free mass brought and independent significant con-
tribution to thyroid volume variability in DM1 patients group or
in the control group (Table 4).

Discussion

The studied subjects with a mean iodine excretion of 132.2 ng/l
in patients and 115.8 pg/l in controls, reflected a daily intake
within the optimal iodine intake of 150 -300 pg/day recommend
by the WHO [4,20,24 -26] and similar in DM1 patients as in con-
trols in contrast to the results of Steiss et al. [11], where the DM1
patients presented an average urinary iodine excretion higher
than that in controls.

An increased thyroid volume in DM1 diabetic patients has pre-
viously been described in two studies carried out on German
children and DMT1 Italian adult patients [11,13] and have been
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attributed to the higher prevalence of thyroid autoimmunity
in the DM1 population and to lower iodine ingestion in Ger-
man children [11]. However, these differences have not been
observed in similar studies on children in Denmark and Turkey
[12]. DM1 patients are prone to autoimmune thyroid diseases
as has been described in a number of studies [7,16], and the
presence of thyroid autoimmunity and thyroid dysfunction can
influence thyroid volume and/or echogenicity; these abnormal-
ities might be partly an expression of thyroid involvement in a
silent autoimmune process not limited to the islet cells as sug-
gested by some authors [13]. In our cohort of DM1 patients fol-
lowed from diagnosis, the differences in thyroid volume ob-
served were not related to thyroid dysfunction or autoimmu-
nity since patients and controls with previously diagnosed thy-
roid dysfunction or positive anti-thyroid antibodies or with ab-
normal TSH at the moment of the study had been excluded
from the final analysis.
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Table 4 The multivariate linear regression analysis in all subjects of the study, in diabetic patients and controls

Groups analysed Predictors B Significance Lower bound of Upper bound of
95% Cl for B 95% Cl for
All subjects
Adjusted R? =0.47
Constant -0.393 0.701 -2.416 1.630
Fat-free mass 0.100 0.005 0.030 0.171
Body surface area 5.709 0.007 1.610 9.809
Diabetic patients
Adjusted R?=0.32
Constant 1.296 0.466 -2.233 4.826
Fat-free mass 0.169 0.0001 0.109 0.228
Controls
Adjusted R?=0.48
Constant 0.303 0.781 -1.864 2.470
Fat-free mass 0.158 0.0001 0.118 0.199

In areas of normal iodine supply, thyroid volume in normal sub-
jects depends mostly on anthropometry and body composition
[8,9]. A correlation linking age, weight, height and thyroid vol-
ume has been observed in some of these studies in both controls
and DM1 patients, but body composition has not been analysed
in any of these previous studies except in children [10,26-28]. In
our population, thyroid volume correlated with DM1 status,
weight, height, BMI, waist-hip ratio, BSA, fat-free mass and neg-
atively with HbA,. in DM1 patients, and we can conclude that
anthropometric and body composition variables predict thyroid
volume either in DM1 patients or in healthy controls.

In the DM1 population, body composition is different and there
was a significant increase in fat-free mass and a decrease in fat
mass, as has been shown [14,15,29-31]; on average, fat-free
mass was approximately 4 kg higher in male and 2.9 kg in female
DM1 patients than in controls in our study; fat mass was ap-
proximately 4.5 kg lower in male DM1 patients than in controls.

Our data suggest that differences in body composition, especially
fat-free mass and BSA, could be related with the differences
found in thyroid volume between DM1 patients and controls in
the absence of thyroid dysfunction and autoimmunity, and they
also argue for the interpretation of previous studies without
body composition parameters. This is an interesting finding of
this study, and to our knowledge has not previously been de-
scribed. Although it is generally hypothesised that the increase
in body weight observed in DM1 patients is due to a increase in
body fat [29], some recent studies have demonstrated that it is
due to an increase in lean body mass, which has been related to
hyperinsulinism [14,15,29 -31] that contribute to achieve a good
control as in our patients. Interestingly, thyroid volume is nega-
tively correlated with HbA, levels.

Thyroid volume did not differ between smokers and non-smo-
kers, and no correlation was found between thyroid volume and
daily tobacco consumption. Alcohol intake was also not related
to thyroid volume; recently, increasing levels of alcohol con-
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sumption were associated with a lower prevalence of thyroid en-
largement [27].

In conclusion, DM1 patients had larger thyroid volume compar-
ed with healthy controls with similar anthropometry. Body com-
position is different in DM1 patients and the anthropometric and
body composition variables predict thyroid volume either in
DMT1 patients or in healthy controls. Fat-free mass and BSA in
both groups were the main significant determinants of thyroid
volume. Our data strongly suggest that differences in anthropo-
metry and body composition variables in different populations
may contribute to the current disagreement in normative refer-
ence values for thyroid size by US in iodine-sufficient areas.
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Pituitary-Thyroid Axis, Thyroid Volume
and Leptin in Healthy Adults

Abstract

Objective: Patients with thyroid diseases usually have disturb-
ances relating to body weight and thermogenesis. On the other
hand, leptin is involved in the regulation of body weight, food in-
take and thermogenesis. Some studies have investigated the
relationship between leptin and dysthyroid states, but the com-
plex interactions between leptin and pituitary-thyroid axis have
led to controversial results. Design: The aims of this cross-sec-
tional study were to investigate the relationship among basal
TSH, ultrasonographic thyroid volume and leptin in a group of
268 healthy adults randomly selected from our city, L’Hospitalet
de Llobregat, Barcelona, an area free of iodine deficiency. In this
euthyroid group, we determined basal TSH, thyroid autoantibod-
ies, leptin concentrations, and thyroid volume by ultrasonogra-
phy, body anthropometry, and body composition. Results: All
subjects were free of goitre and were negative for anti-thyroid
antibodies. Basal TSH concentrations were 1.49+0.8 mU/l in
males and 1.67+0.83 mU/l in females (p = 0.6). Anti-thyroid
antibodies were negative in all cases; leptin concentrations
were 6.1+4ng/ml in males and 16.8 +11.7 ng/ml in females

(p = 0.0001). Thyroid volume was 9.8 +4.6ml in males and
6.5+2 ml in females (p = 0.001). There were significant correla-
tions among leptin concentrations and anthropometric and body
composition variables in both sexes, without correlation with
TSH concentrations. There was no significant correlation be-
tween anthropometric and body composition variables and thy-
roid volume in males but there was a correlation in females. In
females, there was a positive correlation between leptin and thy-
roid volume (r = 0.181, p = 0.038). In males, there was a negative
correlation between TSH concentrations and thyroid volume
(r = -0.271,p = 0.002). Conclusions: We did not find any corre-
lation between leptin levels and pituitary-thyroid axis in this
control population. The correlation between leptin and thyroid
volume in females is probably a consequence that leptin and thy-
roid volume are regulated in parallel by variables relating to
anthropometry and body composition.

Key words
Anthropometric Variables - Body Composition - Leptin - Pituitary-
Thyroid Axis - Thyroid Volume - TSH - Ultrasonography

Introduction

Patients with thyroid disease usually have disturbances relating
to body weight, food intake, oxygen consumption and thermo-
genesis. The mechanisms involved in the regulation of energy
balance by thyroid hormones are complex and not fully elucidat-
ed [1].

Several factors are known to be involved in the regulation of
body weight, which include leptin, a 167-amino acid protein en-
coded by the ob gene [2]. Since leptin deficiency was found in ge-
netically obese ob/ob mice, evidence has accumulated that leptin
plays an important role in the regulation of food intake and ther-
mogenesis, and that its concentrations are closely linked to body
mass index (BMI) and particularly to body fat (BF) stores [2,3].
Leptin has widespread effects on a number of hypothalamic hor-
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mones and not only plays a role in the regulation of metabolic ef-
ficiency but also greatly contributes to the adaptation of the or-
ganism to starvation [4]. The pituitary-thyroid axis plays a cen-
tral role in the regulation of adipose tissue metabolism; both
thyroid hormones and leptin influence similar aspects of body
homeostasis, and there is evidence of direct effect of T; on leptin
release [5-7]. Therefore, it is not surprising that a number of an-
imal and human studies have investigated the relationship be-
tween leptin and dysthyroid states [8 - 15]. Leptin levels in eu-
thyroid subjects suggest either pituitary-thyroid axis actions on
leptin secretion or reciprocal action of leptin on the axis, or a
non-causal association between the two [15].

Thyroid volume determined by ultrasonography (US) is a precise
method of determining gland volume [16-19]. The relationship
between thyroid size, age, sex and anthropometric characteris-
tics has been established in healthy subjects living in non-io-
dine-deficient areas [18,19]; on the other hand, all of these vari-
ables are related with leptin concentrations [3].

The aims of this cross-sectional study was to investigate the rela-
tionship among basal TSH, US thyroid volume and leptin in a
group of healthy adults randomly selected from among 280,000
inhabitants living in the city, L'Hospitalet de Llobregat, Barcelo-
na, an area free of iodine deficiency.

Subjects and Methods

Subjects were recruited from L'Hospitalet de Llobregat, a city ad-
jacent to Barcelona with 280000 inhabitants. All participants
were identified by the census and self-identified as having lived
for at least the last four years in the city. 880 adult subjects, rep-
resentative of the whole population of the city in sex and decade
distribution, were randomly selected from the census of the city
and were invited to participate in the study, directly by mail or
phone call and finally by verbal information, with the purpose
of determining reference values of thyroid volume by US and
their determinants. They were fully informed of the purpose of
the study and gave their voluntary consent to take part in the in-
vestigation. The study was approved by the ethics committee of
the hospital. The age limit ranged from 15-70 years; subjects
younger than 15 years were not included as a consequence of
the variability of thyroid volume during puberty [20]. The upper
limit of 70 years was chosen as consequence of the low probabil-
ity of thyroid increase after this age [17] and the high prevalence
of different diseases in older subjects. To determine whether
subjects presented previous diseases or were treated with thy-
roid hormones, antithyroid drugs or whether they really were
fasting, an appropriate questionnaire was used. The participation
rate was 44% and several exclusion criteria were previously ap-
plied: subjects with goitre, with a family history of autoimmune
disease, with past or present autoimmune thyroid disease, indi-
viduals treated with thyroid hormones, antithyroid drugs, drugs
containing iodine or steroids, were not included in the sample.
No subject was pregnant or had any chronic illness, was under
treatment for arterial hypertension, heart failure or chronic he-
patic failure. Twenty-four subjects submitted for the study were
omitted because of clinical presence of nodular goitre in 10 cases
and multinodular goitre in 14 cases, previously not diagnosed.
The final study group consisted of 296 adult subjects. Twenty-

eight subjects were excluded after clinical and US examination;
four due to abnormal sonographic echo-patterns indicating nod-
ular goitre greater than 10 mm in diameter, 10 due to multinodu-
lar goitre, 14 due to positive anti-thyroid peroxidase or anti-thy-
roglobulin antibodies findings, three of these with coexistent
low basal TSH levels, one with high basal TSH levels. The 268
subjects included in the study were representative of the whole
population of the city in sex and decade distribution. 134 male
subjects aged 41.4 years, ranging from 15 to 70 years, and 134 fe-
male subjects aged 40.7 years, ranging from 15 - 70 years were
divided according to sex and decade.

We calculated the body-mass index (BMI) as body weight divid-
ed by height squared (kg/m?) and determined the waist-hip ra-
tio. The body surface area (BSA) in m? was calculated by using
the formula: BSA = W0425 x H0.725x 71,84 x 104, where W is the
weight in kg and H the height in cm [21].

Thyroid size was estimated by palpation by one expert examiner
(FJ.M.), and was scored according to the WHO criteria [22]
(grade 0; no palpable or visible goitre; grade 1: an enlarged thy-
roid that is palpable but not visible when the thyroid is in a nor-
mal position; grade 2: a palpably enlarged thyroid visible when
the neck is in a normal position).

Thyroid US and echogenicity studies were performed and inter-
preted by the same experienced radiologist (A.G.), using the
same equipment with a 7 MHz linear phased-array probe (Toshi-
ba Sonolayer SA 250); the intra-observer variability of the meth-
od was 10% and inaccuracy was 11%. The subjects were exam-
ined in the supine position with hyperextended neck and skin
covered by acoustic gel. Thyroid volume was measured as report-
ed previously [16]. Longitudinal and transverse scans were per-
formed, allowing the measurement of the depth, the width and
the length of each lobe. The volume of each lobe was calculated
by the ellipsoid formula (volume in ml = 1/6 ©x maximum
thickness x maximum length x maximum width). Thyroid vol-
ume was the sum of both lobes, and the isthmus was not in-
cluded.

Body composition was determined by a bioelectrical impedance
analyser using formula provided by the manufacturers (Holtain
BC Analyser, UK) [23]. The results obtained were: total body wa-
ter in 1, free fat mass in kg, fat mass in kg, and BF in %. The preci-
sion of this test in determining fat mass is within + 3 %. All exam-
inations were done by the same investigator (F.J.M.) and were
performed fasting and after emptying the urinary bladder.

Serum samples for measurement of basal TSH, anti-thyroid anti-
bodies and leptin were drawn between 8:00 and 9: 00 a. m. with
subjects fasting from 9.00 p.m. of the previous day.

Plasma TSH (normal range 0.48 - 4.36 mU/1) was determined by a
specific two-site enzymoimmunometric assay (Elecsys, Boehrin-
ger Mannheim, Germany). Serum anti-thyroid peroxidase and
anti-thyroglobulin antibodies were determined by radioimmu-
noassay (RIA) (Bio Code, Izasa, Liége, Belgium). Values higher
than 40 IU/ml were considered as positive. Urinary iodine excre-
tion was measured in extemporary samples in all subjects and
determined according to the method of Benotti et al. [24].
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Leptin concentrations were determined using a RIA (Linco Re-
search, St Charles, MO, USA), which uses human recombinant
(HR)-leptin for both standard and tracer, with antisera raised
against HR-leptin. The limit of detection of the assay was 0.5 ng/
ml. The intra- and inter-assays coefficients of variation were 7%
and 8%, respectively. The RIA for leptin does not cross-react with
human proinsulin, insulin or glucagon.

Usual statistics (mean, SD and median) have been used to de-
scribe the result. The Kolmogorov-Smirnov test was applied sep-
arately for men and women to check normality of the variables.
Confidence intervals were calculated for thyroid volume. The
Kruskal-Wallis non-parametric test for independent samples
was used to compare quantitative data among decade groups.
Relationships among variables were sought by Pearson’s correla-
tion coefficient. If the possibility of chance occurrence was
p <0.05, the result was considered statistically significant [25].
All statistical analysis was performed using the Statistical Pack-
age for Social Sciences (SPSS/Windows v 8.0, SPSS inc., Chicago
IL, USA).

Results

The characteristics of the population studied are summarised in
Table 1. All subjects were classified as having goitre grade 0. Basal
TSH values in males were 1.49+0.8, and in females 1.67
+0.83 mU/l (p = 0.6) and similar in the age groups for decades
for each sex (Table1, Fig.1). The iodine excretion was 154.2
+114.8pg/l. Leptin levels were 6.1+4 in males and 16.8
+11.7ng/ml in females, p = 0.0001, and different in the age
groups for decades for each sex (Table 1, Fig.1). Thyroid volume
was higher in males (median 9.19 ml, Cl 9.09 - 10.65) than in fe-
males (6.19 ml, C1 6.02-6.92), p = 0.001 and similar in the differ-
ent decades for each sex, except in patients younger than 20
years (median 6.25ml, Cl 5.9-7.32) in males, p = 0.001 and
(5.41ml, C15.12-6.94) in females, p = 0.01 (Table 1, Fig.1).

There was no correlation between thyroid volume and height,
body weight, BMI, waist/hip ratio, body surface area, total body
water, free fat mass, fat mass or BF with a negative correlation

Table1 Characteristics of the population studied. Data are

expressed as mean + SD

Males (n = 134) Females (n = 134)

Age (years) 41.4+15.9 40.7+15.6
Height (cm) 169+6.8 155+6.7
Weight (kg) 783+13 65.4+13.7
Body mass index (kg/m?) 27.3+4.1 26.9+5.8
Waist-hip ratio 0.93+0.1 0.79+0.11
Body surface area (m?) 1.88+0.16 1.64+0.15
Total body water (I) 44.4+5.8 33.4+4.4
Free fat mass (kg) 60.8+7.9 45.8%£6
Fat mass (kg) 17.5+9.3 19.5+£10.2
Body fat (%) 21.4+9.1 28.5+9.7
Thyroid volume (ml) 9.8+4.6 6.5+2
Basal TSH (mU/l) 1.49+0.8 1.67+0.83
Leptin ng/ml 6.1+4 16.8+£11.7
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Fig.1 Basal TSH concentrations (a), thyroid volume (b), and leptin (c)
in decades. Data are expressed as median and percentile 25th and 75th
in boxes and percentile 3rd and 97th as whiskers. From the second dec-
ade onwards the difference was significant in both sexes for thyroid
volume, p = 0.001 in males and p = 0.01 in females, and for leptin
p = 0.01in males, 0.001 in females.
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Fig.2 Correlation between thyroid volume and basal TSH concentra-
tions in males. (r = -0.271, p = 0.002). Line represents linear regres-
sion line.
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Table2 Correlations among leptin, anthropometric and body composition variables and thyroid volume

Height Weight Body
mass

index

Waist/
hip ratio

Body
surface
area

Total Free Fat
body fat
water mass

Body TSH
mass fat

Thyroid
volume
in male

Thyroid
volume
in female

r=0.019
p=0.83
r=0.14
p=0.1

r=0.09
p =0.29

r=0.325

r=0665 r=0697 r=0237 r=054 r=0224
p = 0.0001 p = 0.0001 p = 0.006 p = 0.0001 p = 0.01

r=0544 r=0581 r=0307 r=044 r=0.229
p = 0.0001 p = 0.0001 p = 0.0001 p = 0.0001 p = 0.015

r=006 r=0017 r=0118 r=0.029 r=0.09
p=047 p=0848 p=0.17 p=029 p=03

r=0379 r=0.228 r=0.061 r=0456 r=0.42

r=0.225
p = 0.009

r=0.211
p = 0.015

r=0.08
p=03
r=0.421

r=074 r=0.641 r=-0.003r=-0.111
p = 0.0001 p = 0.0001 p = 0.97 p =0.202

r=0.606 r=057 r=037 r=0.181
p = 0.0001 p = 0.0001 p = 0.67 p =0.038

r=001 r=0009 r=-0271
p=09 p=09 p=0.002
r=00258 r=0.15 r=-0.112

Leptin in male
Leptin in female
Thyroid volume

in male
Thyroid volume

(=]
=
EO
=
=
o
=)
a
=

in female p =0.001 p =0.0001p = 0.008 p =0.48

p = 0.0001 p = 0.001

p=0.001 p=0003 p=008 p-=0.197

100

80 +

60 o

40 o

Leptin (ng/ml}

20 4

20

Thyroid volume (ml)

Fig.3 Correlation between thyroid volume and leptin in females
(r = 0.181, p = 0.038). Line represents linear regression line.

with TSH (r = - 0.271, p = 0.002 - see Fig. 2) in males. Significant
correlations were found between thyroid volume and height,
body weight, BMI, body surface area, total body water, free fat
mass, fat mass without correlation with BF, waist/hip ratio and
TSH concentrations in females (Table 2).

Significant correlations were found among leptin concentrations
in males and females and body weight, BMI, waist-hip ratio,
body surface area, total body water, free fat mass, fat mass, BF;
and in females with thyroid volume (r = 0.181, p = 0.038) but
not in males (r = 0.111, p = 0.202, see Fig. 3) without correlation
with basal TSH concentrations in either sex (Table 2).

Discussion

To our knowledge, there are no large population-based studies of
leptin status in correlation with TSH and thyroid volume. This
cross-sectional study showed the lack of positive correlation be-
tween leptin and TSH levels. Leptin and the pituitary-thyroid
axis play a central role in the physiological regulation of energy
homeostasis. On the other hand, the presence of thyroid dysfunc-
tion in patients with leptin deficiency and leptin receptor ab-
normalities strongly suggests that leptin and the pituitary-thy-

roid axis are closely related [26]. Recent studies have shown con-
troversial results in both humans and animals. In patients with
thyroid disorders, studies have found both no correlation [9-
11,14] and significant correlation between thyroid function and
serum leptin levels [5,12,13,15,27,28]. Recent studies have
proven the direct effect of T; on leptin release with an opposite
effect to those of insulin on the white adipose tissue of rats with
respect to leptin mRNA accumulation [5-7]. In these clinical
studies, it has thus proven difficult to establish whether leptin
levels are altered in hypo- and hyperthyroid patients. Control
studies have been made in small groups of subjects identified
from among departmental staff and from obesity clinics; they
did not differentiate leptin regulation between sexes. The com-
plex interactions of the pituitary-thyroid axis and body homeo-
stasis regulation, either with each other or with other hormonal
systems, has led to descriptive studies producing less than
straight forward results.

In this well-characterised population of controls with biochemi-
cally confirmed euthyroidism, we found that TSH is similar in
both sexes and that leptin levels are significantly lower in males
than in females. Results also confirm significant correlations
among leptin levels and anthropometric and body composition
variables in both men and women. On the other hand, we found
a lack of correlation between leptin and TSH levels in both sexes.
Probably, leptin did not regulate TSH levels in the euthyroid
state, but may regulate its dynamics as has been described [29].
Thyroid volume correlated negatively with basal TSH in males
and the inverse correlation between thyroid volume and basal
TSH in both sexes has been observed in the study of Barrére et
al. [18], while other studies [30,31] concluded that there is a
lack of significant correlation between TSH levels and thyroid
volume.

We observed larger thyroid volumes in males than in females,
also supported in both autopsy studies and studies using US
[18,19], regulated by anthropometric and body composition vari-
ables in women. We could demonstrate that this regulation is
absent in men. Leptin binding to its receptors has been demon-
strated in various areas of the central nervous system, particular-
ly the hypothalamus, but also in multiple peripheral tissues
[3,4,32], but to our knowledge, there are no leptin receptors in
the thyroid gland. Consequently, thyroid volume correlates with
variables relating to body size in women, so thyroid volume and
leptin could be regulated in parallel, under normal physiological
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conditions, which may explain the leptin and thyroid volume
correlation in females, absent in males.

We did not observe any correlation between thyroid volume and
increasing age except in younger people, as do other studies, or
any negative relationship between thyroid volume and age for
the female group [18].

In conclusion, we found no correlation between leptin concen-
trations and pituitary-thyroid axis in this large control popula-
tion study, but we did find a correlation between leptin and thy-
roid volume in females, probably as consequence of parallel lep-
tin and thyroid volume regulation through variables relating to
body size and composition.
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DISCUSION CONJUNTA DEL TEMA
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3.1.- VALORES DE REFERENCIA DEL VOLUMEN TIROIDEO.

El estudio presenta valores de referencia del volumen tiroideo por ecografia, en
adultos sanos, obtenidos de una poblacion seleccionada aleatoriamente del censo.

El examen fisico es una técnica rutinaria en la valoraciéon de los pacientes con
patologia tiroidea, si bien es poco fiable tanto para la determinacion del volumen
tiroideo'™, como para establecer la prevalencia de bocio®®, pese al uso de métodos
estandarizados como la clasificacion clinica de la Organizacion Mundial de la Salud
(OMS)™*.

La ecografia se considera hoy dia como el método de eleccion para la valoracion
del volumen tiroideo, y la prevalencia de bocio, especialmente en glandulas

. . . (s 41623
homogéneas, sin crecimiento endotoracico .

La muestra estudiada se consider6 representativa de la poblacion, ya que los
sujetos, aleatoriamente seleccionados del censo, tuvieron que desplazarse al hospital en
dias de trabajo, para realizarse pruebas poco conocidas en la poblacién general, puesto
que ademas se excluyeron aquellas personas con familiares de primer grado con

patologia tiroidea. Sus caracteristicas se reflejan en la tabla 1.

Conjunto Hombres Mujeres
Edad (afios) 41°06 (15°73)  41°38 (15°88) 40’73 (15°62)
Talla (cm) 163 (10) 169 (7) 156 (7) TABLA 1.
Peso (kg) 71°86 (14°83) 78’33 (13°01) 65’38 (13°71) CARACTERISTICAS DE

2 9 b b b b bl

IMC (kg/m”) 27’15 (5°04) 27’30 (4’14) 26’99 (5°82) LA POBLACION
ICC 0’86 (0°10) 0’93 (0°08) 0°79 (0°07)

) , ) ) ) ) IMC: Indice de masa corporal
TSH (mU/L) 1’59 (0°82) 1’49 (0°80) 1’68 (0°83) CC: fndice cintura — cadera
Ac TPO (%) 708 5°97 820 THS: Tirotropina

, , s , s s Ac TPO: Anticuerpos antiperoxidasa
EUT (ue/l) 142 (1148) - 15670 (107°0) 1524 (122°3) EUI: Excrecion urinaria de yodo
Fumador (%) 25 29’85 20’14 ACT: Agua corporal total
R R , MNG: Masa no grasa

Bebedor (%) 11°66 21°64 1’49 MG: Masa grasa
ACT (L) 38’94 (7°53) 44°42 (5°79) 3345 (4°44)
MNG (Kg) 53’33 (10°32) 60’85 (7°9) 45’82 (6°09)
MG (Kg) 18’51 (9’81) 17°47 (9°29) 19’56 (10°23)
MG (%) 24°94 (10°00)  21°42(9°09) 2846 (9°67)

Datos expresados como media (£ SD) y porcentajes.
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Los resultados de nuestro estudio son coincidentes con los obtenidos en otros
estudios poblacionales en areas no deficientes en yodo, y claramente inferiores a los
obtenidos en zonas yodo-deficientes. Los valores de la yoduria reflejan una ingesta
diaria de yodo dentro del rango recomendado por la OMS>, por lo que nuestra

poblacion se considera como no yodo-deficiente.

TABLA 2. VALORES DE REFERENCIA DEL VOLUMEN
TIROIDEO EN RELACION A LOS GRUPOS DE EDAD

EDAD (arios) n Media (mL) Mediana (mL) 1C
15-20 33 6’33 5’79 5776 -6’90
21-30 55 8’61 729 7’54 -9"71
31-40 40 847 779 7°41 -9’53
41-50 50 875 7’54 724 -10°26
51-60 53 8’62 694 7762 -9’61
61-70 37 775 7’31 6’75 -8’69

GLOBAL 268 822 7’31 775 -8°69

IC: intervalo de confianza

Figura 1. Volumen tiroideo en las diferentes décadas.

30
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Volumen tiroideo (mL)

Grupos de edad por décadas

Los datos se expresan como mediana y percentil 25°— 75° en rectangulos,

y percentil 3°— 97° en corchetes.
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19,23,25

Al igual que en otros estudios , el volumen fue significativamente mayor en

hombres que en mujeres, P = 0.001. (Tablas 3 y 4, figura 1).

TABLA 3. VALORES DE REFERENCIA DEL VOLUMEN TIROIDEO EN
RELACION A LOS GRUPOS DE EDAD, EN HOMBRES

EDAD (afios) n Media (mL) Mediana (mL) e
15-20 17 6’61 6’25 5°90 —7°32*
21-30 28 10’75 9°84 9’09 — 12741
31-40 17 10°32 971 872 -11"91
41-50 25 10’49 9°62 7’73 - 1325
51-60 29 10’35 10’17 8°86—11°83
61-70 18 9’53 8’51 7°96 -11°09
GLOBAL 134 9°87 9’19 9’09 — 10’65

*p=0’0034 IC: intervalo de confianza

TABLA 4. VALORES DE REFERENCIA DEL VOLUMEN TIROIDEO EN
RELACION A LOS GRUPOS DE EDAD, EN MUJERES

EDAD (anios) n Media (mL) Mediana (mL) 1C
15-20 16 6’03 5’41 5126’94
21-30 27 842 6’29 563 —7°21
31-40 23 7°10 6’64 5795 -8’25
41-50 25 7°01 6’14 6’19 -7°84
51-60 24 6’53 6’78 592 -7’15
61-70 19 6’07 5’91 5’41 -6’72
GLOBAL 134 6’57 6’19 6’22 -6’92

IC: intervalo de confianza

En el volumen tiroideo de nuestra poblaciéon no se objetivaron diferencias
significativas entre los diferentes intervalos de edad, excepto en los hombres mas
jovenes, que fue mas pequefio. Esto puede deberse a que finalizan el desarrollo puberal

mas tarde, y todavia no se ha alcanzado el volumen final.
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El volumen tiroideo se correlaciona significativamente con la edad en los
e 4 . , . .. . .
nifios™®. Durante la pubertad el incremento maximo del volumen tiroideo coincide con
.y .. cn 57
la fase de aceleracion del crecimiento, y esto ocurre antes en las nifias™’.
Ashizawa et al.”® estudiaron 120.000 nifios, y determinaron un incremento del
volumen tiroideo en relacion con la edad, en ambos sexos, pero este incremento cesa en

nifias, entre los 14 y los 16 afios.

En etapas posteriores de la vida, en ausencia de enfermedad, el volumen tiroideo
. . 3.19 . . . . .y
permanece invariable™ . Otros autores objetivan un incremento progresivo en relacion

23,59
d

con la eda , probablemente en relacion con el aumento de la prevalencia de

patologia nodular.

En estudios previos realizados en poblaciéon sana, los valores del volumen
tiroideo fueron diferentes en funciéon de la presencia de deficiencia de yodo. Esto
provoca gran variabilidad en el volumen considerado como normal.

Los resultados de diversos estudios estan reflejados en la tabla 5.

TABLA 5. ESTUDIOS EPIDEMIOLOGICOS SOBRE EL VOLUMEN TIROIDEO

Areas yodo-suficientes Areas yodo-deficientes (YD)
Estudio Volumen (ml) Estudio Volumen (ml)
Hombres Mujeres Hombres Mujeres
Gutekunst et al' 9’1 (3°3-27'4) 6°9 (2’5 - 34) Gutekunst et al' 23°1 (3’8 —105°0) 13’3 (26 —124°1)
Berghout et al"’ 13°2 (6’7 - 20°4) 82 (2’7 -20’3) Nyagaard et al® 12-18*
Wesche et al** 10°3 (£ 3°4) 6°9 (£2°9) Hegediis et al”® 19°6 (= 4’7) 17°5 (£ 42)
Barrére et al® 12’8 —13°3* 8’3 -9°3* Olbricht et al® 167 (9 — 38) 13’5 (6 — 25)
Hintze et al®' 19°2 (3°2 -187°3) 16°6 (5’4 —98°1)
Knudsen et al®
Media YD 158 9°6 — 12°4*
Moderada YD 19°5 10’3 — 14°8*

Datos expresados como media (£ desviacion estandar), mediana (valores limite), y medianas en relacion a los grupos de edad*
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Nuestros resultados son acordes con otros estudios poblacionales, en zonas
yodosuficientes, siendo muy similares a los hallados por Gutekunst et al.' en poblacion
sueca, que objetivan volimenes con una mediana de 9’1 mL en hombres, y de 6’9 mL
en mujeres. Berghout et al."”, en poblacion holandesa obtienen valores de 13’2 mL en
hombres, y de 8’2 mL en mujeres. Wesche et al.** objetivan valores de media 10’3 (3°4)
mL en hombres y de 6’9 (2°9) mL en mujeres de la ciudad de Amsterdam. Barrere et
al.” objetivan en poblacién francesa adulta volimenes cuyas medianas oscilan, segun
los grupos de edad, entre 12°8 y 13’3 mL en hombres, y entre 8’3 y 9°3 mL en mujeres.

Discretamente mas elevados son los hallados por Rezzoénico et al.®’, con valores
de 14°63 (2°86) mL en hombres, y 12°09 (2°51) mL en mujeres, en poblacién argentina,
donde la yodoprofilaxis obligada data desde 1952.

Por el contrario, en zonas yododeficientes, se obtienen valores claramente mas
elevados, como Heguediis et al.”> que en poblacién danesa objetivan valores de 18°6
(4°5) mL, Nyagaard et al.®> obtienen, en mujeres distribuidas en cuatro grupos de edad,
medianas entre 12 y 18 mL. Gutekunst et al.' en poblacién alemana objetivan
volimenes de 23’1 mL en hombres, y de 13’3 mL en mujeres. Igualmente Olbricht et
al.”’, en poblacién alemana sana sin bocio, obtienen valores de 16’7 mL en hombres y
13’5 mL en mujeres. Hintze et al.®' en poblacién alemana de edad superior a 60 afios
objetivan valores de 19’2 mL en hombres, y de 16’6 mL en mujeres.

Knudsen et al.®* estudiaron poblacion danesa procedente de dos areas con ligeras
diferencias en los niveles de yoduria, en hombres de 60 a 65 afios, y en mujeres de 18 a

65 afios, y encontraron medianas similares a otras areas yododeficientes.

Estudios poblacionales realizados en nifios de zonas yodosuficientes, muestran
para la edad de 14 afios, volumenes similares a los del primer intervalo de edad de
nuestra poblacion; Vitti et al.' y Aghini-Lombardi et al.** obtienen valores de 6°3 (1°5)
mL, sin embargo Wiersinga et al.”” en poblacion escolar holandesa objetivan, a la edad
de 18 afios, medianas de 12’1 mL en hombres y de 8’9 mL en mujeres.

Estos volumenes son claramente inferiores a los obtenidos por Delange et al.**
en el gran estudio poblacional realizado con el Thyro-Movil, que establece el limite
superior de la normalidad en sujetos de 15 afios de zonas no yododeficientes, en 16 mL

para los varones, y 16’1 mL para las mujeres.
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3.2.- DETERMINANTES DEL VOLUMEN TIROIDEO.

Diversos factores estan relacionados con la regulacion del volumen de la
glandula tiroidea. La ingesta de yodo es el més exhaustivamente estudiado, pero
también otros factores ambientales y caracteristicas antropométricas estan implicados, y

. . . i~ 1-52
son tema de controversia en estudios poblacionales tanto de adultos, como de nifios' .

23 24 . .
Factores como el sexo, el peso y la edad™, la masa magra™, la tirotropina, el

65,66 67 . . .
'y de alcohol”’, el nimero de gestaciones, fase del ciclo

consumo de tabaco
menstrual y estacion del afio®, etc. se han invocado como responsables del volumen

tiroideo en diversos estudios.

En nuestro estudio, el volumen tiroideo se correlaciond significativamente con el
peso, la talla, el indice de masa corporal, el indice cintura-cadera, la superficie corporal,
el agua corporal total, la masa libre de grasa, la masa grasa, y el porcentaje de masa

grasa (Tabla 6).

Tabla 6. Correlaciones entre el volumen tiroideo y diversas variables

Peso Talla mC icc ASC
r=039 r=044 r=013 r=038 r=048
P=0’0001 P =0°0001 P=002 P=10’001 P =0°0001
ACT MNG MG MG % TSH
r=0'14 r=047 r=037 r=032 r=-026
P=002 P =0°0001 P=0001 P=10’001 P =0001

IMC: Indice de masa corporal, /CC: Indice cintura — cadera, 4ASC: area de la superficie corporal,
ACT: agua corporal total, MNG: masa no grasa, MG: masa grasa, THS: Tirotropina.

Se encontrd una correlacion positiva entre el peso corporal y el volumen
tiroideo, tanto en hombres como en mujeres. Es tema de controversia si el volumen
tiroideo se correlaciona mejor con el peso corporal total”, o con la masa muscular;
Wesche et al.** demuestran que la masa magra, determinada por bioimpedanciometria,

es el mejor determinante del volumen tiroideo.
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En nuestro estudio, la masa libre de grasa fue también un determinante

importante del volumen tiroideo (Figura 2).

Figura 2. Correlacion
entre el volumen tiroideo

30
y la masa no grasa.

20 -

Volumen tiroideo (mL)

30 40 a0 60 70 a0 an

Masa no grasa (Kg)

Asi mismo se demostrd una correlacion significativa entre el volumen tiroideo y

la talla y el area de la superficie corporal (Figura 3), al igual que en estudios previos en

1,5,19.25
adultos ™ 7.

Figura 3.
Correlacién entre
el volumen
tiroideo y el area
de superficie
corporal.

30

20 4

Volumen tiroideo (mL)

Area de superficie corporal (m?)
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Algunos estudios sugieren el potencial efecto bocidgeno de la gestacion en
presencia de yododeficiencia moderada®. La reversibilidad de este efecto en el periodo
posparto no esta clara, y queda abierta a mas estudios.

En nuestro estudio el nimero de gestaciones previas no se asocid con un

aumento significativo del volumen tiroideo.

Tampoco se correlaciono con la excrecion urinaria de yodo, al igual que en otros
estudios’"?, lo cual apoya la idea de que en paises sin deficiencia de yodo no se observa
una asociacion entre la ingesta de yodo y el volumen tiroideo, a diferencia de las areas

yododeficientes®.

Algunos estudios han demostrado el efecto bociégeno del consumo de tabaco.
No se encontrd correlacion entre el volumen tiroideo y el habito tabaquico al igual que
en el estudio que describe esta tendencia bocidgena solo en sujetos con historia familiar

. . . . roe 2
de bocio®, o en presencia de yododeficiencia moderada o en el limite™.

No se objetivd correlacion entre el consumo de alcohol y el volumen tiroideo en
la poblacién como conjunto, ni en las mujeres, pero si se hallé una correlacién negativa
en hombres (r = - 0.40, P = 0.02), que en estudios previos se ha relacionado con el
efecto toxico directo sobre la glandula'”, o con un efecto protector del alcohol frente a la
aparicién de patologia tiroidea’.

La ausencia de correlacion en mujeres podria deberse al escaso nimero de

mujeres bebedoras.

Se objetivd una correlacion negativa entre el volumen tiroideo y los valores de
tirotropina basal (Tabla 6, figura 4), en ausencia de autoinmunidad y nodularidad, al

1,19,2 :
1923 16 hallan correlaciones

. \ 2 . .
igual que Barrére et al.’, sin embargo otros estudios
significativas entre ambos parametros, y no existe una hipdtesis clara sobre la influencia

de la tirotropina en el volumen tiroideo, en areas sin yododeficiencia.
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Figura 4. Correlacion entre el volumen tiroideo y los valores de TSH

El andlisis de regresién multiple mostrd que la superficie corporal contribuye en
el 44 % de la variabilidad del volumen tiroideo (P = 0°0001).

La edad, el sexo, el resto de variables antropométricas y de composicion
corporal, y las variables de funcionalismo tiroideo no tuvieron un efecto independiente
sobre el volumen tiroideo en este modelo, y el efecto observado de estas variables se

debe a su relacidn con la superficie corporal.

3.3.- VOLUMEN TIROIDEO EN PACIENTES CON DIABETES MELLITUS
TIPO 1.

La influencia de la composicion corporal en la variabilidad del volumen tiroideo
también puede ser estudiada en situaciones clinicas que cursen con cambios en la
composicidn corporal, como es el caso de la diabetes mellitus tipo 1.

Nuestro grupo demostrd que los pacientes con diabetes mellitus tienen diferente
composicién corporal con relacién a los sujetos sanos®, y que esto explica las
diferencias halladas en el volumen tiroideo.

Los datos antropométricos y de composicion corporal de los pacientes con

diabetes mellitus y los controles sanos quedan reflejados en las tablas 7 y 8.
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El peso, la talla, el indice de masa corporal, el indice cintura-cadera, y el area de
superficie corporal no fueron diferentes ni en hombres ni en mujeres. La masa no grasa
fue superior en el grupo de pacientes con diabetes mellitus, en ambos sexos. La masa

grasa fue inferior en hombres con diabetes mellitus, con respecto a los controles.

La yoduria, y la proporcion de fumadores y personas que consumian alcohol
diariamente fueron similares en ambos grupos. Los requerimientos de insulina de los

pacientes con diabetes mellitus fueron de 0°65 + 0°25 U/Kg y la HbAlc 6’6 = 1’4 %.

Tabla 7.
Caracteristicas de los pacientes con diabetes mellitus y sujetos controles, en hombres.

PD C Limite inferior  Limite inferior P

del 95 % IC de del 95 % IC de

la diferencia la diferencia
N 36 36
Edad (afios) 26’8+ 5°1 25’752 -46 0’47 0’1
Variables antropométricas
Peso (Kg) 74’1 £ 8’3 746 £13°2 -5°0 6’1 0’85
Talla (m) 1’73 £0°06 1’70 £0°07 -0’06 0’04 0°08
IMC (Kg/m?) 246 £2°8 25’5136 - 0742 2’49 0°28
ICC 0’84 £ 0°05 0’86 £ 0°06 -0’01 0’04 0’31
ASC (m?) 1’88 £ 0’11 1’86 £0°18 -0’09 0’05 0’62
Variables de Composicion corporal
MNG (Kg) 64’41 6’9 60’4 £ 82 -77 - 037 0°03
MG (Kg) 97 +7°0 142 £ 8’1 0’84 8’13 0°01
Otras variables

Fumadores (%) 63’4 44°8 0’14
Alcohol (%) 21 30 0’15
Sal yodada (%) 512 65’5 0’32
TSH (mU/L) 1’60+ 1’14 1’56 £0°78 -0’56 0’41 0’76
EUI (ug/L) 140°3 £ 113’5 128’1 £77°6 0’1
Volumen 12’12 £2°87 9’63 £2°27 -37 -1°21 0’0001

tiroideo (mL)

Datos presentados como media * desviacion estandar o porcentajes, PD: pacientes con diabetes mellitus, C:
controles, IC: Intervalo de confianza, IMC: indice de masa corporal, ICC: indice cintura-cadera, ASC: area de la

superficie corporal, MNG: masa no grasa, MG: masa grasa, TSH: tirotropina, EUI: excrecion urinaria de yodo.
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Tabla 8
Caracteristicas de los pacientes con diabetes mellitus y sujetos controles, en mujeres.

PD C Limite inferior ~ Limite suprior P

del 95 % IC de del 95 % IC de

la diferencia la diferencia
N 29 29
Edad (afios) 26’1 £ 5’4 26’7+ 62 -2’5 37 0’72
Variables antropométricas

Peso (Kg) 63’9+ 9°9 60’8 £9°7 -872 2’1 024
Talla (m) 1’59 £ 0°05 1’59 £0°06 -0’03 0’03 0’9

IMC (Kg/m?) 24’9+ 4°4 23’7131 -2’87 0’58 0’19
ICC 0’73 £0°04 0’75 +£0°05 - 0’008 0’04 0’19
ASC (m?) 1’6 £0’1 1’6+0°1 -0’1 0’03 0’33

Variables de Composicioén corporal
MNG (Kg) 48’3 57 45°4+£6°0 - 5796 -0°25 0°04
MG (Kg) 15°5+6°9 15’3 £62 -3’59 3’26 092
Otras variables

Fumadores (%) 25°0 472 0°08
Alcohol (%) 80 11°6 02

Sal yodada (%) 70’8 52’8 0’18
TSH (mU/L) 1’69 £1°08 1’59 £0°96 0’48
EUI (ug/L) 119°7 £49°9 110°4 £70°7 -51’8 - 1571 0’15
Volumen 9°5+£2°3 77+2°0 -2°96 -0’68 0°002

tiroideo (mL)

Datos presentados como media * desviacion estandar o porcentajes, PD: pacientes con diabetes mellitus, C:
controles, IC: Intervalo de confianza, IMC: indice de masa corporal, ICC: indice cintura-cadera, ASC: area de la

superficie corporal, MNG: masa no grasa, MG: masa grasa, TSH: tirotropina, EUI: excrecion urinaria de yodo.

Clinicamente, en ningun sujeto se objetivd bocio, y la tirotropina basal fue
similar en ambos grupos. El volumen tiroideo fue superior en pacientes diabéticos frente

a los sujetos controles, 12’12 + 2’87 frente a 9°63 + 2°27 ml, p = 0’0001 en hombres
(Tabla 7),y 9’5 £ 2’3 frente a 7°7 £ 2’0 ml, p = 0’002, en mujeres (Tabla 8).

No se objetivaron nddulos mayores de 5 mm ni en pacientes con diabetes

mellitus, ni en controles sanos.
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En todos los sujetos, el volumen tiroideo se correlaciond con el peso, la talla, el
indice de masa corporal, el indice cintura-cadera, la superficie corporal y la masa no
grasa, pero no con la edad, la TSH ni con la yoduria.

No hubo diferencias entre pacientes con diabetes mellitus y controles con
respecto al consumo de alcohol y tabaco. El volumen tiroideo no fue diferente entre
fumadores y no fumadores, y no se hallé correlacion entre el volumen tiroideo y el
consumo de tabaco, ni alcohol.

En los pacientes con diabetes mellitus el volumen tiroideo se correlaciond

negativamente con la HbAlc (Tabla 9).

Tabla 9
Correlaciones entre el volumen tiroideo como variable dependiente
y otras variables independientes

Grupo | Edad  Peso Talla IMC ICC ASC MNG TSH EUI HbAlc

Todos | =013 r=0629 =058 r=0626 1=0348 r1=0669 =067 =015 r=011
p=0142 p=0°0001 p=0°0001 p=0°0001 p=0°0001 p=0’0001 p=0°0001 p=0°3 p=011
PD =01 =0626 =0566 r=0534 r=0467 1=0632 r=0672 =012 =01 =056l
p=0"11  p=0°0001 p=0°0001 p=0°0001 p=0°0001 p=0°0001 p=0°0001 p=02 p=0"11 p=0°0001
C =012 =0629 =058 =036 r=0348 r=0669 =067 =01 =009

p=012  p=0°0001 p=0"0001 p=0001 p=0°0001 p=0"0001 p=0°0001 p=0'1 p=01

PD: pacientes con diabetes mellitus, C: controles, IMC: indice de masa corporal, ICC: indice cintura-cadera, ASC:

area de la superficie corporal, MNG: masa no grasa, TSH: tirotropina, EUI: excrecion urinaria de yodo.

Tomando en conjunto todas las variables en ambos grupos, el andlisis de
regresion lineal multivariante obtuvo un modelo final que explicd el 47 % de la
variabilidad del volumen tiroideo en el grupo entero, en pacientes y en controles. Sélo
la masa no grasa y el area de la superficie corporal tuvieron una contribucidon

significativa independiente sobre la variabilidad del volumen tiroideo.

Concretamente, s6lo la masa no grasa tuvo una contribucion significativa
independiente sobre la variabilidad del volumen tiroideo en el grupo de diabéticos y

controles por separado. (Tabla 10)
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Tabla 10
Analisis de regresion lineal multivariante en todos los sujetos del estudio,
pacientes con diabetes mellitus y controles.

Limite inferior del Limite superior del

Grupo analizado  Predictores B Significacion
95 % IC para 3 95 % IC para 3
Todos
R? ajustada = 0°47
Constante -0°393 0’701 -2’416 1’630
MNG 0’100 0’005 0’030 0’171
ASC 5709 0’007 1’610 9’809
PD
R? ajustada = 0°32
Constante 1’296 0’466 -2°233 4’826
MNG 0’169 0’0001 0’109 0’228
C
R? ajustada = 0°48
Constante 0°303 0’781 - 1’864 2’470
MNG 0’158 0’0001 0’118 0’199

PD: pacientes con diabetes mellitus, C: controles, IC: Intervalo de confianza, MNG: masa no grasa, ASC: area de la

superficie corporal.

La yoduria obtenida, tanto en pacientes con diabetes mellitus, como en controles
sanos refleja una ingesta dptima de yodo, dentro de los limites recomendados por la
OMS>**>7! 'y similar en ambos grupos, a diferencia de los resultados obtenidos por
Steiss et al.*®, que objetivaron un promedio de yoduria superior en pacientes con

diabetes mellitus que en controles.

El volumen tiroideo mayor en pacientes con diabetes mellitus tipo 1 ya fue
descrito en dos estudios realizados en nifios alemanes®™ y adultos italianos®, y se
atribuy¢ a la elevada prevalencia de autoinmunidad tiroidea en los sujetos con diabetes
mellitus, y a la baja ingesta de yodo en nifios alemanes. Sin embargo, estas diferencias

no se ha observado en estudios similares realizados en nifios daneses y turcos®.

Con relativa frecuencia los pacientes con diabetes mellitus tipo 1 presentan

.. . . . . 4972
enfermedades tiroideas autoinmunes, como se ha descrito en estudios previos™”’

.y la
presencia de autoinmunidad y disfuncion tiroidea puede influir sobre el volumen
tiroideo y la ecogenicidad; estas anormalidades podrian ser en parte, una expresion de la
afectacion tiroidea de un proceso autoinmune silente no solamente limitado al islote

pancreatico, como se ha sugerido por algunos autores™.
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En nuestro grupo de pacientes con diabetes mellitus seguidos desde el
diagnostico, las diferencias observadas en el volumen tiroideo no se pueden atribuir a
disfuncién tiroidea o presencia de autoinmunidad, ya que tanto pacientes como
controles con disfuncion tiroidea previa, o con anticuerpos antitiroideos positivos y/o
TSH fuera de los limites de la normalidad en el momento del estudio, fueron excluidos

del analisis final.

La correlacion entre volumen tiroideo y la edad, el peso y la talla, ha sido
observada previamente en otros estudios, pero la composiciéon corporal no fue

: s~ 275773
analizada, excepto en nifios™ """,

En nuestra poblacion, el volumen tiroideo se
correlaciond con el peso, la talla, el IMC, el indice cintura-cadera, la superficie corporal
y la masa no grasa, y negativamente con la HbAlc en pacientes con diabetes mellitus,
por lo que podemos afirmar que las variables antropométricas y de composicion
corporal predicen el volumen tiroideo tanto en sujetos con diabetes mellitus tipo 1,

como en controles sanos.

En los pacientes con diabetes mellitus tipo 1 la composicion corporal es
diferente, con un incremento significativo de la masa no grasa, asi como una

. ., . . 26,74-77
disminucién de la masa grasa, como se ha descrito previamente™”

. En promedio, la
masa no grasa fue aproximadamente 4 Kg superior en hombres y 2’9 Kg en mujeres del
grupo de pacientes con diabetes mellitus con respecto a los controles; la masa grasa fue

aproximadamente 4’5 Kg menor en hombres con diabetes mellitus que en controles.

Nuestros datos sugieren que las diferencias en la composicion corporal,
especialmente la masa no grasa, y la superficie corporal, se relacionan con las
diferencias encontradas en el volumen tiroideo, entre pacientes y controles, en ausencia
de disfuncidn tiroidea ni autoinmunidad. Este interesante hallazgo, desde nuestro punto
de vista, no ha sido descrito previamente.

Aunque generalmente se ha hipotetizado que el aumento de peso observado en
pacientes con diabetes mellitus tipo 1 se debe a un incremento de la masa grasa’,
algunos estudios recientes han demostrado que se debe a un aumento de la masa magra,

en relacion al hipe:rinsulinism026’74'77

que contribuye a alcanzar un buen control
metabodlico, como en nuestros pacientes. Ademas, el volumen tiroideo se correlaciond

negativamente con la HbAlc.
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3.4.- EJE HIPOFISO-TIROIDEO, VOLUMEN TIROIDEO Y LEPTINA.

Leptina y hormonas tiroideas tienen influencia sobre aspectos similares de la
homeostasis energética, por lo que el objetivo final de nuestro estudio fue valorar la
relacion entre ambos sistemas, y el posible papel de la leptina como determinante
novedoso del volumen tiroideo.

En nuestra poblacion, las concentraciones de leptina fueron 6’1 £ 4’0 en
hombres, y 16’8 £ 11’7 ng/mL en mujeres, P = 0°0001, y diferentes en las diferentes
décadas de cada sexo (Figura 5). La concentracion de leptina fue significativamente

superior en mujeres, y progresivamente creciente en cada intervalo de edad.

Figura 5. Concentraciones de leptina en las diversas décadas.
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Leptina (ng/mL)

Grupos de edad por décadas

Los datos se expresan como mediana y percentil 25°— 75° en rectangulos,
y percentil 3°— 97° en corchetes. A partir de la segunda década, las diferencias entre sexos

fueron significativas (P = 0.01 en hombres, P = 0.001 en mujeres)

Se hallaron correlaciones significativas entre las concentraciones de leptina y las
variables antropométricas y de composicién corporal (peso, indice de masa corporal,
indice cintura-cadera, area de superficie corporal, agua corporal total, masa libre de
grasa, masa grasa y porcentaje de masa grasa) en ambos sexos, pero no con la talla ni

con las concentraciones de tirotropina (Tabla 11).
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Tabla 11.

Correlaciones entre leptina, variables antropométricas y de

composicion corporal, y volumen tiroideo.

Leptina en Leptina en
hombres mujeres
=0°019 =014

1k P=083 P=0’1
p =0"665 r=0"544
eso P=070001 P=0"0001
r=0"697 r=0"581
i C P=0"0001 P=0"0001
r=0"237 =0"307
1cC P=0"006 P=0"0001
=0"54 =044
Ll P=0"0001 P=0"0001
=0°224 r=0’229
ACT P=001 P=0"015
=0"225 r=0"211
BAINEL, P=0"009 P=0"015
=0"74 =0’606
MG P=0"0001 P=0"0001
. r=0"641 =0’57
WAL 2 P=0"0001 P=0"0001
r=-0"003 =0"37
TSH P=0"97 P=0"67
Volumen tiroideo r=-0111
hombres P=0’202
Volumen tiroideo r=0’181
mujeres P=0"038

IMC: indice de masa corporal, ICC: indice cintura-cadera, ASC: area
de superficie corporal, ACT: agua corporal total, MNG: masa no

grasa, MG: masa grasa, TSH: tirotropina.

En nuestro estudio no objetivamos diferencias en la tirotropina entre ambos
sexos, pero los niveles de leptina fueron significativamente inferiores en hombres con
respecto a las mujeres. Asi mismo se encontraron correlaciones significativas entre los
niveles de leptina y las variables antropométricas y de composicion corporal entre
ambos sexos. No obstante no se objetivo correlacion entre leptina y tirotropina ni en

hombres, ni en mujeres.

Probablemente la leptina no regule las concentraciones de TSH en sujetos

eutiroideos, pero esta relacion puede ser diferente en presencia de disfuncidon

tiroidea***%7,
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El volumen tiroideo fue mayor en hombres que en mujeres, y en la poblacion
global y en mujeres se comprobd una correlacion significativa con las variables
antropométricas y de composicion corporal. No obstante, en mujeres si se objetivd una

correlacion positiva entre leptina y volumen tiroideo (Figura 6), pero no en hombres.

La unién de la leptina a sus receptores ha sido demostrada en varias areas del
sistema nervioso central, particularmente el hipotalamo, pero también en multiples

33,34,78

tejidos periféricos , s1 bien en nuestro conocimiento, no hay receptores de leptina

en la glandula tiroidea

Consecuentemente, el volumen tiroideo y la leptina podrian estar regulados en
paralelo, bajo condiciones fisiologicas normales, lo cual explicaria la correlacion entre

leptina y volumen tiroideo en mujeres, pero no en hombres.

Figura 6.
Correlacion entre el
volumen tiroideo y
la Ieptina en mujeres
(r=0.181, p=0.038) 80
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La correlacion positiva, en mujeres, entre volumen tiroideo y leptina, podria
deberse a que ambos se regulan, en condiciones fisiologicas, en paralelo a través de las

variables de composicion y tamafio corporal.
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CONCLUSIONES FINALES
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La poblacion de L’Hospitalet de Llobregat es yodosuficiente, segun las

recomendaciones de la OMS.

Los valores obtenidos para el volumen tiroideo, y las tablas con la distribucion
por edad y sexo, se pueden considerar de referencia para poblaciones

yodosuficientes.

El volumen tiroideo es mayor en hombres que en mujeres.

En hombres, el grupo de edad mas joven muestra un volumen tiroideo inferior al
resto de intervalos de edad, lo cual no ocurre en mujeres. Probablemente esta en
relacion con la finalizacion del desarrollo puberal, que ocurre a edad mas

temprana en las mujeres.

En etapas posteriores de la vida, en ausencia de enfermedad, el volumen tiroideo

se mantiene invariable.

Los valores de volumen tiroideo obtenidos en nuestra poblacidon son claramente
inferiores a los valores obtenidos en el estudio Thyro-Mobil, ofrecidos como

valores estandar de normalidad.

La ecografia es el método de eleccion para valorar el volumen tiroideo en
estudios poblacionales, pero es esencial estandarizar la técnica, para minimizar

los errores intra e inter-observador.

En ausencia de yododeficiencia, la edad, el sexo, las variables antropométricas,
de composicion corporal y bioldgicas, no tienen un efecto independiente sobre
el volumen tiroideo. El efecto observado de estas variables sobre el volumen

tiroideo es a través de su relacion con la superficie corporal.
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9) Los pacientes con diabetes mellitus tipo 1 tienen un volumen tiroideo superior

con respecto a la poblacion sana.

10) La composicion corporal en pacientes con diabetes mellitus tipo 1 es diferente, y
la masa no grasa y el area de la superficie corporal son los principales
determinantes del volumen tiroideo tanto en sujetos con diabetes mellitus como

en controles sanos.

11) Diferencias en la antropometria y la composicidon corporal pueden contribuir a
que aparezcan divergencias en los valores de referencia del volumen tiroideo

ecografico, entre diferentes poblaciones yodosuficientes.

12) En nuestra poblacion no se ha objetivado correlacion entre los niveles de

leptina, y el eje hipofiso-tiroideo.

13) Los niveles de leptina son superiores en mujeres que en hombres, y en las

mujeres aumentan progresivamente con la edad.

14) En mujeres, la correlacion entre leptina y volumen tiroideo, probablemente es
consecuencia de que ambos son regulados en paralelo por variables

antropométricas y de composicidn corporal.
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