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���� ������ !& �� /@ ����� 	�� 0��� ���� ������
�� ���	����
�	 ����� �� ���� �� ���� ������ �	 ����������� �� 	�� ����
������� �� ���� �� ��	�� ����� �� 
������ �� ������ ��
	����
��	�� O�� ���C���� ���� 
���� ��
	��� 	
 ��� ����	�� 	
 ��� ����
�� ���� ����� �	������� �	����� �	 ��.� ���� �� ��� ����������
��	�� 0�� 3����� 5	������� �� ��� *	������ ����	�� ��� �����
)� ��� � �������� ���	���� 	
 ����� ���C���� ��
����� �����
���� ���� �����	�� ����	� ������ �� 
���������� 
����� ����
�	�� 	
 ����	� ������� 4��C���� �������� ���� �� �		 �������
�� �	 ���	��� ������� ������� .����� 	� ����� 
�������� ���� �	�
	� �������	� �

������ ����	� 
�����	�� �� �� ���� ������ ��
��� �	�� 
	� ��� ���� 
	�� ������ 0���� ��� �	 ������� 	
 ��� �
�

������� ������� ��� ������� ������ �� ��� ���C���� ���� ��������
���� �� ��� ���� �� ��� �� �������� ����� �� ���� O
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������� ���	���� �	 ��� ����	 �� 8��	��� �� ���  <!$� 0���	�
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0�� 04* ����� ��� !�&1 R @�2< �79�� 0�+ O�� ���� �	������ �� !1
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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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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 R 0.8 mU/l in
males and 1.67 R 0.83mU/l in females (p = 0.6). Anti-thyroid
antibodies were negative in all cases; leptin concentrations
were 6.1 R 4 ng/ml in males and 16.8 R 11.7 ng/ml in females

(p = 0.0001). Thyroid volume was 9.8 R 4.6 ml in males and
6.5 R 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
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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 T3 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/m2) and determined the waist-hip ra-
tio. The body surface area (BSA) in m2 was calculated by using
the formula: BSA = W0.425 \ H0.725 \ 71.84 \ 10–4, where W is the
weight in kg and H the height in cm [21].

Thyroid size was estimated by palpation by one expert examiner
(F.J.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 p \ maximum
thickness \ maximum length \ 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 l, free fat mass in kg, fat mass in kg, and BF in %. The preci-
sion of this test in determining fat mass is within R 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/l) 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, LiQge, 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 R 0.8, and in females 1.67
R 0.83 mU/l (p = 0.6) and similar in the age groups for decades
for each sex (Table 1, Fig.1). The iodine excretion was 154.2
R 114.8 Ng/l. Leptin levels were 6.1 R 4 in males and 16.8
R 11.7 ng/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, Cl 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 6.25 ml, Cl 5.9–7.32) in males, p = 0.001 and
(5.41 ml, Cl 5.12–6.94) 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

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 = 0.01 in males, 0.001 in females.

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.

Table 1 Characteristics of the population studied. Data are
expressed as mean ! SD

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

Age (years) 41.4 2 15.9 40.7 2 15.6

Height (cm) 169 2 6.8 155 2 6.7

Weight (kg) 78.3 2 13 65.4 2 13.7

Body mass index (kg/m2) 27.3 2 4.1 26.9 2 5.8

Waist-hip ratio 0.93 2 0.1 0.79 2 0.11

Body surface area (m2) 1.88 2 0.16 1.64 2 0.15

Total body water (l) 44.4 2 5.8 33.4 2 4.4

Free fat mass (kg) 60.8 2 7.9 45.8 2 6

Fat mass (kg) 17.5 2 9.3 19.5 2 10.2

Body fat (%) 21.4 2 9.1 28.5 2 9.7

Thyroid volume (ml) 9.8 2 4.6 6.5 2 2

Basal TSH (mU/l) 1.49 2 0.8 1.67 2 0.83

Leptin ng/ml 6.1 2 4 16.8 2 11.7
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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 T3 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 BarrQre 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

Table 2 Correlations among leptin, anthropometric and body composition variables and thyroid volume

Height Weight Body
mass
index

Waist/
hip ratio

Body
surface
area

Total
body
water

Free
fat
mass

Fat
mass

Body
fat

TSH Thyroid
volume
in male

Thyroid
volume
in female

Leptin in male r = 0.019
p = 0.83

r = 0.665
p = 0.0001

r = 0.697
p = 0.0001

r = 0.237
p = 0.006

r = 0.54
p = 0.0001

r = 0.224
p = 0.01

r = 0.225
p = 0.009

r = 0.74
p = 0.0001

r = 0.641
p = 0.0001

r = – 0.003
p = 0.97

r = – 0.111
p = 0.202

Leptin in female r = 0.14
p = 0.1

r = 0.544
p = 0.0001

r = 0.581
p = 0.0001

r = 0.307
p = 0.0001

r = 0.44
p = 0.0001

r = 0.229
p = 0.015

r = 0.211
p = 0.015

r = 0.606
p = 0.0001

r = 0.57
p = 0.0001

r = 0.37
p = 0.67

r = 0.181
p = 0.038

Thyroid volume
in male

r = 0.09
p = 0.29

r = 0.06
p = 0.47

r = 0.017
p = 0.848

r = 0.118
p = 0.17

r = 0.029
p = 0.29

r = 0.09
p = 0.3

r = 0.08
p = 0.3

r = 0.01
p = 0.9

r = 0.009
p = 0.9

r = – 0.271
p = 0.002

Thyroid volume
in female

r = 0.325
p = 0.001

r = 0.379
p = 0.0001

r = 0.228
p = 0.008

r = 0.061
p = 0.48

r = 0.456
p = 0.0001

r = 0.42
p = 0.001

r = 0.421
p = 0.001

r = 0.0258
p = 0.003

r = 0.15
p = 0.08

r = – 0.112
p = 0.197

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