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Circulating leptin levels are not influenced by
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Abstract OBJECTIVES: Leptin regulates body weight by suppressing food intake and increas-
ing energy expenditure. Alterations in thyroid hormone levels are also associated
with changes in body weight but the effect of thyroid hormone deficiency on serum
leptin in humans is unclear.

DESIGN AND METHODS: The aim of this study was to measure leptin levels and
to investigate their associations with thyroid hormones in 22 women with severe
hypothyroidism after total thyroidectomy, and in a group of 22 healthy euthyroid
control female subjects matched for age and body mass index (BMI). Their plasma
leptin, free thyroxine, triiodothyronine and TSH were measured.

RESULTS: Leptin levels in subjects and controls were (pg/mL) 18761.64+16973.96
and 18729.19+18014.05, respectively, p=0.9; leptin did not correlate with free thy-
roxine, triiodothyroinine and TSH: r=0.1039 and p=0.6453, r=0.0113 and p=0.9602,
and r=-0.0525 and p=0.8165 for leptin and FT4, leptin and FT3, and leptin and
TSH, respectively in subjects; r=—0.00056 and p=0.9980, r=0.248727 and p=0.2643,
and r=-0.046919 and p=0.8357 for leptin and FT4, leptin and FT3, and leptin and
TSH, respectively in controls. Leptin levels did not differ between subjects and
controls and they did not correlate with thyroid hormones.

CONCLUSIONS: Leptin levels are not influenced by hypothyroidism and do not cor-
relate with thyroid hormones in euthyroid and hypothyroid women.
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INTRODUCTION

Leptin, encoded by the ob gene, is a protein that
regulates body weight by suppressing food intake and
increasing energy expenditure (Campfield et al. 1995;
Considine et al. 1995; Halaas et al. 1995; Sinha et al. 1996;
Zhang et al. 1994). Serum leptin levels show a positive
correlation with body fat, being increased in obesity
(Considine et al. 1996; Hamilton et al. 1995; Lonngvist
etal. 1995) and decreased in states of severe malnutrition
such as anorexia nervosa (Ferron et al. 1997). Therefore,
leptin is an adipocyte-synthesized hormone, the role of
which is to inform the brain of the amount of the adipose
tissue present in the body (Jeanrenaud FR & Jeanrenaud
B, 1996; Meier CA, 1996).

On the other hand, alterations in thyroid hormone
levels are frequently associated with changes in body
weight. Thus, patients with hypothyroidism usually show
an increase in body weight, whereas, on the contrary,
hyperthyroid patients usually lose weight (Ingbar, 1985).
Consequently, weight gain in hypothyroidism might result
in an increase of leptin concentration, whereas a decrease
might occur in hyperthyroidism. Only few studies have
thoroughly evaluated the associations between leptin
and thyroid status. Leptin levels have been reported to
be decreased in hypothyroid patients and unchanged in
hyperthyroidism. (Valcavi et al. 1997) Moreover, some
studies have shown that leptin may regulate TSH pulsa-
tility and circadian rhythmicity in men (Mantzoros et al.
2001) and that leptin administration can blunt the food
deprivation induced increase of cortisol and decrease in
thyroid and gonadal hormone levels in mice. (Ahima et
al. 1996). Furthermore, administration of leptin reversed
the decrease of circulating T3 and T4 levels in humans
during a period of reduced body weight.

In spite of all the data mentioned above, however, the
effect of thyroid hormone deficiency on serum leptin
levels in humans is unclear. Most studies have been per-
formed in small groups of healthy men, or in animals.
Therefore, the aim of this study was to measure leptin
levels and to evaluate their associations with thyroid
hormones in women with severe hypothyroidism after
total thyroidectomy, and in a group of healthy euthyroid
control female subjects matched for age and body mass
index (BMI).

MATERIALS AND METHODS

The study group consisted of 22 consecutive female hy-
pothyroid patients and 22 age- and BMI-matched healthy
euthyroid women as controls (mean age 49.9+15.0 and
43.7+10.1 yrs, respectively, p=0.07). Prior to this study,
all hypothyroid subjects had undergone total thyroidec-
tomy and radioiodine ablation for differentiated thyroid
cancer. Then, they were admitted to the Department of
Endocrinology for control search for tumor rests and
this study was performed under these circumstances. In
none of the subjects recurrence was demonstrated. Each

subject ceased levothyroxine treatment six weeks prior
to admission to enable radioiodine tests. None of the
subjects or controls showed the features of the metabolic
syndrome according to IDF criteria, or presented with
diabetes mellitus. None had a history of alcohol overcon-
sumption. None of the subjects was completely sedentary,
or involved in athletics. All subjects were examined in
the morning (at 08:00 a.m.) after an overnight fast.

All subjects were examined physically, and their body
mass index (BMI) was measured with the formulation:
body mass (kg) divided per square height (m). Physical
signs confirming thyroid hypofunction included facial
appearance, heart rate and rhythm, skin temperature
and texture of skin and hair, as well as a scar on the neck
related to previous thyroidectomy, and lack of the thyroid
gland in ultrasound examination. Hypothyroidism was
diagnosed on the basis of history of thyroid ablation,
clinical symptoms and laboratory evaluation: in each
case the serum thyrotropin (TSH), free thyroxine (FT4)
and free triiodothyronine (FT3) where measured and
confirmed the diagnosis. All the hormonal assays were
performed with an ELISA method, and a routine hospital
biochemical analyzer Modular E-170 by Roche was used
for all the measurements, except leptin. Serum levels
of leptin were determined in the Department of Clini-
cal Biochemistry of the Poznan University of Medical
Sciences using a commercial ELISA kit (R&D Systems
Inc., MN, USA; microplater reader Sunrise Tekan, Swit-
zerland), and were expressed as picograms per milliliter.
Leptin was measured according to the manufacturer’s
recommended protocol, with a sensitivity of 7.8 pg/mL.
An intra-assay and inter-assay coefficients of variation
were 4.87% and 5.97%, respectively.

Statistical analysis

Statistical analysis was performed with the STA-
TISTICA software by Statsoft. All the parameters were
compared between the groups with the Mann-Whitney
test. The correlations between FT4, FT3, TSH and leptin
levels were calculated with the Spearman’s correlation
test. The values are given as the mean + SD.

The study was conducted in accordance with the
guidelines in The Declaration of Helsinki and was ap-
proved by the ethics committee of the Poznan University
of Medical Sciences. All subjects gave informed consent
to participate.

RESULTS

The clinical data of the hypothyroid and control
subjects are shown in Table 1. The study groups were of
similar age, and their body mass indices and waist and
hip circumferences did not differ. However, as expected,
the hypothyroid subjects showed higher levels of TSH
and lower FT3 and FT4. Their plasma glucose did not
differ. Serum leptin concentrations did not differ, either,
p=0.09.
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Table 1. Characteristics of hypothyroid subjects and euthyroid controls.

Leptin and thyroid status

SUBJECTS CONTROLS p-value
Sample size 22 22
Age (years) 49.86£15.03, 52.50 43.73£10.14, 44.00 0.0723
BMI (kg/m?2) 28.05+6.39, 26.95 25.00+5.30, 23.20 0.0671
Waist circumf. (cm) 86.64+13.44, 84.50 82.05+£12.80, 77.50 0.1620
Hip circumf. (cm) 100.95+8.95, 100.50 101.23+9.61, 100.00 0.9531
Plasma glucose 4.76+0.47,4.55 4.99+0.80, 4.85 0.6380
FT4 (pmol/L) 2.65+2.19,2.10 17.26+1.96,17.10 0.0000
FT3 (pmol/L) 1.53£1.00, 1.43 4.57+0.61,4.70 0.0000
TSH (pmol/L) 91.66+58.59, 81.35 1.75+£0.84, 1.68 0.0000
Leptin (pg/mL) 18761.64+£16973.96, 11296.50 18729.19+£18014.05, 13268.50 0.9066

All values are shown as mean * standard deviation, and median. Data were compared with Mann-Whitney test. p<0.05 denotes statistically
significant.The abbreviation BMI stands for body mass index, circumf. for circumference, FT4 for plasma free thyroxine, FT3 for plasma free

triiodothyronine, TSH for plasma thyrotropin.

To investigate the influence of thyroid status on the
serum concentrations of leptin, correlations between
leptin levels and FT3, FT4 and TSH were estimated sepa-
rately in both study groups. In the hypothyroid subjects,
those values did not correlate and the results for correla-
tions were as follows: r=0.1039 and p=0.6453, r=0.0113
and p=0.9602, and r=-0.0525 and p=0.8165 for leptin
and FT4, leptin and FT3, and leptin and TSH, respec-
tively. The data are shown in Figure 1. Similarly, the fol-
lowing results were obtained in controls: r=-0.00056 and
p=0.9980, r=0.248727 and p=0.2643, and r=-0.046919
and p=0.8357 for leptin and FT4, leptin and FT3, and
leptin and TSH, respectively. These correlations are
depicted in Figure 2.

DISCUSSION

Thyroid status markedly influences body weight and
food intake. Thus, in a large number of hyperthyroid pa-
tients (85%) there is a decrease in body weight, whereas
in 59% of hypothyroid patients there is an increase.
(Ingbar, 1985). These changes in body weight are not due
to changes in food intake; on the contrary, appetite is
increased in 65% of hyperthyroid patients and decreased
in 45% of hypothyroid patients. Under these circum-
stances, interactions between the thyroid status and fat
tissue metabolism seem to be an important clinical issue.
Since leptin is one of adipocyte-derived peptides and
reflects the amount of fat tissue in the body, in this clini-
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Figure 1. Correlations between circulating leptin
levels and thyroid function in hypothyroid
subjects. FT4 stands for serum free thyrox-
ine, FT3 - serum free triiodothyronine, TSH -
serum thyrotropin.
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Figure 2. Correlations between circulating
leptin levels and thyroid function in euthy-
roid subjects. FT4 stands for serum free thy-
roxine, FT3 - serum free triiodothyronine,
TSH - serum thyrotropin.
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cal study we analyzed the associations between plasma
leptin levels and severe hypothyroidism in women in
vivo. As controls, the same number of healthy euthyroid
female subjects participated. Both subjects and controls
where age-matched and had similar anthropometric
parameters. In this setting, we were able to compare two
identical groups of women, in whom a complete lack of
thyroid function was the only differentiating factor. As a
consequence, we examined the influence of hypothyroid-
ism on the circulating plasma leptin levels in vivo.

As shown here, no interferences between the thyroid
function and plasma leptin levels were found. Although
circulating leptin has been thoroughly studied in various
clinical conditions, and though a lot of extensive data
on its function in human or animal metabolism exist,
so far studies of serum leptin during abnormal thyroid
function have shown conflicting results. Most studies of
hyperthyroid patients have demonstrated similar leptin
levels to those of euthyroid controls matched for sex, age
and BMI (Corbetta et al. 1997; Leonhardt et al. 1998;
Sreenan et al. 1997; Valcavi et al. 1997; Yoshida et al. 1998).
Leptin values in hypothyroidism have been reported as
being unchanged (Corbetta 1997, Sreenan et al. 1997),
elevated (Leonhardt et al. 1998; Pinkney et al. 1998), or
even decreased (Valcavi et al. 1997; Yoshida et al. 1998).

Moreover, patients with a leptin receptor mutation
have been reported to be hypothyroid with lower levels
of FT4 and delayed TSH response to TRH (Clement et
al. 1998). Slightly elevated TSH levels have also been
reported in leptin deficient children (Montague et al.
1997). In addition, obese subjects have slightly increased
TSH levels; according to some authors, the elevation of
TSH represents a secondary homeostatic adjustment for
excessive adiposity. (Pinkney et al. 1998)

The controversies over leptin and thyroid hormone
interactions may be due probably to many still unan-
swered questions regarding the molecular mechanisms
which govern various metabolic pathways. One of the
possible links between thyroid hormones and leptin
might be mitochondrial uncoupling protein 3 (UCP3),
a protein expressed in muscle and brown adipose tissue.
UCP3 is regulated by both leptin and thyroid hormone.
UCP3 levels have been reported to be decreased in hypo-
thyroidism and increased in hyperthyroidism in animals
(Gong et al. 1997).

The discrepancies of the above studies were due prob-
ably to limited number of cases or as a result of cross-sec-
tional sampling with different groups of patients; in some
of them the duration of study may have also played some
role owing to natural fluctuations of thyroid hormones
over time. To avoid it, we investigated two identical
groups of women, by means of a cross-sectional com-
parison, and in addition, by a separate analysis of thyroid
hormone-leptin interactions in each group. Similarly, a
cross-sectional design was used previously be Yoshida et
al. (1998), but these authors showed that serum leptin
levels in hypothyroid patients were significantly lower
than those in hyperthyroid patients and normal controls
after adjusting for age, body weight and BMI. In our
study, we achieved contrary results. There was no ap-
parent explanation for this phenomenon, except some
unknown inter-population variabilities.

In addition, some previous studies showed also a
correlation between leptin levels and TSH in euthyroid
subjects with a suggestion that activity of the pitutiary-
thyroid axis is related to plasma leptin levels in both
euthyroid and dysthyroid subjects, and the possibility
of a functional link between these two endocrine axes
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(Pinkney et al. 1998). Nonetheless, we do not demonstrate
this correlation in neither group, and moreover, we do
not show any correlations with respect to FT4 and FT3.
Thus, since free thyroid hormones are a direct measure
of thyroid function, and TSH an indirect one, neither the
pituitary — thyroid axis, nor the thyroid per se influence
circulating leptin levels. Under these circumstances,
the previously presented possibility that TSH might be
a potent suppressor of leptin gene expression should be
questioned (Mantzoros et al. 1996).

We conclude that short-term hypothyroidism does
not alter serum leptin concentrations and that no cor-
relations between thyroid hormones and circulating
levels exist.

ACKNOWLEDGEMENTS

This work has been supported by Grant No. 08350
from the University of Medical Sciences in Poznan, Po-
land and by Grant No. N402 128 32/4203 from the Polish
Ministry of Science and Higher Education.

REFERENCES

1 Ahima RS, Prabakaran D, Mantzoros C, Qu D, Lowell B, Maratos-
Flier E, et al.(1996). Role of leptin in the neuroendocrine response
to fasting. Nature. 382: 250-252.

2 Campfield LA, Smith FJ, Guisez Y, Devos R, Burn P (1995). Recom-
binant mouse OB protein: evidence for a peripheral signal link-
ing adiposity and central neural networks. Science. 269: 546-49.

3 Clement K, Vaisse C, Lahlou N, Cabrol S, Pelloux V, Cassuto D, et
al. (1998). A mutation in the human leptin receptor gene causes
obesity and pituitary dysfunction. Nature. 392: 398-401.

4 Considine RV, Considine EL, Williams CJ, Nyce MR, Magosin SA,
Bauer TL, et al.(1995). Evidence against either a premature stop
codon or the absence of obese gene mRNA in human obesity. J
Clin Invest. 95: 2986-2988.

5 Considine RV, Sinha MK, Heiman ML, Kriauciunas A, Stephens
TW, Nyce MR, et al. (1996) Serum immunoreactiveleptin concen-
trations in normal-weight and obese humans. N Engl J Med. 334:
292-295.

6 Corbetta S, Englaro P, Giambona S, Persani L, Blum WF, Beck-
Peccoz P. (1997). Lack of effects of circulating thyroid hormone
levels on serum concentrations. Eur J Endocrinol. 137: 659-663.

7 Ferron F, Considine RV, Peino R, Lado IG, Dieguez C, Casanueva
FF. (1997). Serum leptin concentrations in patients with anorex-
ia nervosa, bulimia nervosa, and unspecific eating disorders are
independent of the respective disease but correlate with the
body mass index. Clin Endocrinol (Oxf). 46: 289-93.

Leptin and thyroid status

8 Gong DW, He Y, Kara M, Reitman M (1997). Uncoupling protein-s
is a mediator of thermogenesis regulated by thyroid hormone,
beta-3-adrenergic agonist, and leptin. J Biol Chem. 272: 24129~
24132.

9 Halaas JL, Gajiwala KS, Maffei M, Cohen SL, Chait BT, Rabinowitz
D, et al. (1995). Weight-reducing effects of the plasma proteins
encoded by the obese gene. Science. 269: 543-546.

10 Hamilton BS, Paglia D, Kwan AYM, Deitel M (1995). Increased
obese mRNA expression in omental fat cells from massively
obese humans. Nat Med. 1: 953-956.

11 Ingbar SH (1985). The thyroid gland. In: Wilson JD, Foster DW,
editors. Texbook of endocrinology. Philadelphia: Saunders. p.
975-1170.

12 Jeanrenaud FR and Jeanrenaud B (1996) Obesity, leptin and the
brain. N Engl J Med. 334: 324-325.

13 Leonhardt U, Ritzel U, Schafer G, Becker W, Ramadori G (1998).
Serum leptin levels in hypo- and hyperthyroidism. J Endocrinol.
157:75-79.

14 Lonnqvist F, Arner P, Nordfors L, Schalling M (1995) Overexpres-
sion of the obese (ob) gene in adipose tissue of human obese
subjects. Nat Med. 1: 950-953.

15 Mantzoros CS, Ozata M, Negrao AB, Suchard MA, Ziotopoulou
M, Caglayan S, et al (2001). Synchronicity of frequently sampled
thyrotropin (TSH) and leptin concentrations in healthy adults
and leptin-deficient subjects: evidence for possible partial TSH
regulation by leptin in humans. J Clin Endocrinol Metab. 86:
3284-3291.

16 Mantzoros CS, Qu D, Frederich RC, Susulic VS, Lowell BB, Mara-
tos-Flier E et al (1996). Activation of (3-adrenergic receptors
suppresses leptin expression and mediates a leptin independent
inhibition of food intake in mice. Diabetes. 4: 909-914.

17 Meier CA (1996) Leptin secretion and action: an update. Eur J
Endocrinol. 134: 543-544.

18 Montague CT, Farooqi IS, Whitehead J., Soos MA, Rau H, Ware-
ham NJ, et al (1997) Congenital leptin deficiency is associated
with severe early onset obesity in humans. Nature. 387: 903-
908.

19 Pinkney JH, Goodrick SJ, Katz J, Johnson AB, Lightman SL, Cop-
pack SW, et al (1998) Leptin and the pituitary-thyroid axis: a
comparative study in lean, obese, hypothyroid and hyperthyroid
subjects. Clin Endocrinol. 49: 583-588.

20 Sinha MK, Ohannesian JP, Heiman ML, Kriauciunas A, Stephens
TW, Magosin S, et al (1996) Nocturnal rise of leptin in lean, obese
and non-insulin-dependent diabetes mellitus subjects. J Clin
Invest. 97: 1344-1347.

21 Sreenan,S, Caro JF, Refetoff S. (1997) Thyroid dysfunction is not
associated with alterations in serum leptin levels. Thyroid. 7:
407-409.

22 Valcavi R, Zini M, Peino R, Casanueva FF, Dieguez C (1997). Influ-
ence of thyroid status on serum immunoreactive leptin levels. . J
Clin Endocrinol Metab. 82: 1632-1634.

23 Yoshida T, Momatanik N, Hayashi M, Monkawa T, Ito K, Saruta T
(1998). Serum leptin concentrations in patients with thyroid dis-
order. Clin Endocrinol. 48: 299-302.

24 Zhang Y, Proenca R, Maffei M, Barone M, Leopold L, Friedman
JM (1994). Positional cloning of the mouse obese gene and its
human homologue. Nature. 372: 425-432 (Erratum in Nature
374:479,1995).

Neuroendocrinology Letters Vol.28 No.4 2007 - Article available online: http://node.nel.edu

421



