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Circulating resisistin levels are lower in
hypothyroid women but independent from thyroid
hormones concentrations
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Abstract

OBJECTIVES. Although resistin is involved in metabolism, its role in humans is
unclear. Since thyroid status influences metabolism, and since only few studies
have evaluated the associations between resistin and thyroid status with inconclu-
sive results, we investigated serum serum resistin levels and their correlations with
TSH, FT4 and FT3 in hypothyroid and euthyroid women.

DESIGN AND METHODS. Study group consisted of 22 women with a history of total
thyroidectomy and radioiodine ablation performed for thyroid cancer. Controls
were 22 healthy euthyroid women matched for age and BMI. After six-weeks of
thyroxine withdrawal, subjects were admitted to the Department of Endocrinol-
ogy of the Poznan University of Medical Sciences to perform this study.
RESULTS. Serum resistin concentrations were lower in hypothyroid patients,
12.40 £ 5.197 vs. 18.01 + 7.31, p=0.0065. In hypothyroid subjects, correlations
were as follows: r of —0.2636 and p of 0.248, r of 0.0336 and p of 0.885, and r of
0.3080 and P of 0.174 for resistin and FT4, resistin and FT3, and resistin and TSH,
respectively. In controls: r of 0.0311 and p of 0.8908, r of -0.0986 and p of 0.6625,
and r of 0.1605 and p of 0.4754 for resistin and FT4, resistin and FT3, and resistin
and TSH, respectively.

CONCLUSIONS. Short-term profound hypothyroidism decreased resistin levels.
However, no significant correlations between the levels of circulating resistin and
thyroid hormones and TSH were shown.

INTRODUCTION

The thyroid gland has always been understood
as an important regulator of metabolism. In con-
trast, historically, adipose tissue was thought to be
an inert tissue that stores energy and insulates the
body from temperature and trauma. However, it
is now evident that the adipose tissue is an active
endocrine organ secreting many kinds of adipo-

.........................

cytokines, such as adiponectin (Acrp30/adipoQ),
leptin, IL-6, and TNFa that may affect metabolism
(Spiegelman and Flier, 1996; Friedman and Ha-
laas, 1998; Prins, 2002; Steppan and Lazar, 2002)
and, consequently, interfere with thyroid-regulat-
ed metabolic processes. Resistin (FIZZ3/ADSF) is
another adipocyte-derived peptide. It belongs to
the family of cysteine-rich resistin-like molecules
(RELM) (Steppan et al., 2001b), together with
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RELM-alfa and RELM-beta. Serum concentrations of
resistin are markedly increased in obese mice and are
decreased by treatment with thiazolidinediones. More-
over, administration of an antiresistin antibody in-
creases insulin-stimulated glucose uptake in obese mice
whereas treatment of normal mice with recombinant
resistin impairs insulin action (Steppan et al., 2001a).
Thus, resistin might link obesity with insulin resistance
and diabetes in mice models. However, other studies in
rodent models have questioned the role of resistin in
obesity and insulin resistance (Juan et al., 2001; Le Lay
etal, 2001; Way et al., 2001). The situation in humans is
even more controversial. In contrast to mice, human re-
sistin is barely detectable in adipose tissue (Nagaev et al.,
2001; Savage et al., 2001), and no correlation was found
between resistin expression of isolated adipocytes and
obesity or type 2 diabetes (Nagaev et al., 2001; Savage et
al., 2001; Janke et al., 2002). Resistin serum levels were
found to be related to body mass index (BMI) in human
subjects by some authors (Azuma et al., 2003; Degawa-
Yamauchi et al., 2003; Fujinami et al., 2004), whereas
other studies did not reveal a correlation between body
mass and resistin levels in blood (McTernan et al., 2003;
Heilbronn et al., 2004; Youn et al., 2004).

In addition, alterations in thyroid hormone levels
influence human metabolism and are frequently as-
sociated with changes in body weight. Thus, patients
with hypothyroidism usually show an increase in body
weight and a decreased rate of metabolism, whereas, on
the contrary, hyperthyroid patients usually lose weight
and their rate of metabolism is increased (Ingbar, 1985).
Consequently, as thyroid secretion affects adipose tis-
sue function, the secretion of adipocytokines and resis-
tin might be impaired in thyroid dysfunctions. As re-
sistin is a secretory protein (Steppan et al., 2001a), and
as thyroid status reflects the general metabolic status of
the body, it would be important to determine the cir-
culating resistin concentrations and examine their re-

lations with thyroid metabolic status in human. This
would provide a clue to the role of resistin in human,
and its plausible relationships with the thyroid.

Only few studies have thoroughly evaluated the as-
sociations between resistin and thyroid status, and their
results have been inconclusive (Iglesias et al., 2003; Cet-
tour-Rose et al., 2005; Krassas et al., 2005; Botella-Car-
retero et al., 2006).

Therefore, the aim of this study was to investigate the
associations between serum resistin levels and thyroid
hormones in hypothyroid women.

MATERIALS AND METHODS

The study group consisted of 22 consecutive female
hypothyroid 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 thyroidectomy and radioiodine ablation for dif-
ferentiated 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 treat-
ment six weeks prior to admission to enable radioio-
dine 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 overconsumption. None of the sub-
jects 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

Table 1. Characteristics of hypothyroid subjects and euthyroid controls. All values are shown as mean +
standard deviation, and median. Data were compared with Mann-Whitney test. P<0.05 denotes statistically
significant. Abbreviations: BMI stands for body mass index, circumf. for circumference, FPG for fasting plasma
glucose, FT4 for plasma free thyroxine, FT3 for plasma free triiodothyronine, TSH for plasma thyrotropin.

Subjects Controls P
Sample size 22 22 -
Age (years) 49.86 + 15.03,52.50 43.73 £10.14, 44.00 0.0723
BMI 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
FPG (mmol/L) 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 (pU/mL) 91.66 + 58.59, 81.35 1.75+0.84, 1.68 0.0000
Resistin (ng/mL) 12.40 £5.197,11.96 18.01£7.31,16.87 0.0065
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neck related to previous thyroidectomy, and lack of the
thyroid gland in ultrasound examination. Hypothyroid-
ism was diagnosed on the basis of history of thyroid ab-
lation, 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 resistin.
Serum levels of resistin were determined in the Depart-
ment of Clinical Biochemistry of the Poznan Univer-
sity of Medical Sciences using a commercial ELISA kit
(R&D Systems Inc., MN, USA; microplater reader Sun-
rise Tekan, Switzerland), and were expressed as nano-
grams per milliliter. Resistin was measured according
to the manufacturer’s recommended protocol, with a
sensitivity of 0.026 ng/mL. An intra-assay and inter-
assay coefficients of variation were 5.25% and 6.47%,
respectively.

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 re-
sistin levels were calculated with the Spearman’s corre-
lation 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 Universi-
ty of Medical Sciences. All subjects gave informed con-
sent to participate.

The clinical data of the hypothyroid and control sub-
jects 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 expect-
ed, the hypothyroid subjects showed higher levels of
TSH and lower FT3 and FT4. Their plasma glucose did
not differ. Serum resistin concentrations were lower in
hypothyroid patients, P=0.0065.

To investigate the influence of thyroid status on the
serum concentrations of resistin, correlations between
resistin levels and FT3, FT4 and TSH were estimated
separately in both study groups. In the hypothyroid
subjects, those values did not correlate and the results
for correlations were as follows: r of -0.2636 and p of
0.248, r of 0.0336 and p of 0.885, and r of 0.3080 and
p of 0.174 for resistin and FT4, resistin and FT3, and
resistin and TSH, respectively. The data are shown in
Figure 1. Similarly, the following results were obtained
in controls: r of 0.0311 and p of 0.8908, r of -0.0986 and
p of 0.6625, and r of 0.1605 and p of 0.4754 for resistin
and FT4, resistin and FT3, and resistin and TSH, re-
spectively. These correlations are depicted in Figure 2.

DISCUSSION

Thyroid status markedly influences metabolism (In-
gbar, 1985). Since resistin is one of adipocyte-derived
peptides involved in metabolism, in this clinical study
we analyzed the associations between plasma resistin
levels and severe hypothyroidism in women in vivo. In
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Figure 2. Correlations between circulat-
ing resistin levels and thyroid function
in euthyroid subjects. FT4 stands for
serum free thyroxine, FT3 - serum free
triiodothyronine, TSH - serum thyro-
tropin.

all hypothyroid patients, the thyroid was removed com-
pletely by surgical means. As controls, the same num-
ber 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 the thyroid was the only
differentiating factor. As a consequence, we examined
the influence of hypothyroidism on circulating plasma
resistin levels in vivo.

As shown here, no interferences between the thy-
roid function and plasma resistin levels were found, al-
though resistin concentrations were significantly lower
in the hypothyroid women. However, the difference
across the groups was not sufficient to yield significant
statistical correlations. In this setting, the hypothyroid
state resulted in lower resistin but no further correla-
tion between the degree of hypothyroidism and resis-
tin levels was found. Similarly, no correlations between
thyroid parameters and resistin in euthyroid controls
was present, either. Under these circumstances, not the
degree of thyroid hypofunction but the lack of the thy-
roid per se seemed to influence resistin levels. One may
argue about the causes of this condition. Presumably,
hypometabolic condition of the human body measured
with thyroid function may lead to a decreased resistin
production in all resistin secreting cells. Hypothetical-
ly, the decreased resistin production would be triggered
off by a given level of thyroid hypofunction. Then, in-
dependently from further deterioration of hypothyroid-
ism, the production of resistin would stay constant. The
same independence from thyroxine, trioiodothyronine

and TSH concentrations is found in the healthy subjects
examined, which supports our hypothesis. The fact that
resistin levels in both groups differed but correlations
were found in none, was only in accordance with this
idea. Certainly, this theoretical explanation merits fur-
ther research studies in various fields of biology and
medicine and our clinical paper neither investigates,
nor proves it. Still, we decided to present this theory to
provoke scientific debate and, at least hypothetically, to
try to explain the discrepancy which appeared in our
study.

Although circulating resistin 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 resitin dur-
ing abnormal thyroid function have been scarce and
have shown conflicting results. In one study by Botella-
Carretero et al. (2006) performed in a similar group of
22 women with differentiated thyroid cancer, thyrox-
ine withdrawal resulted in an increase in serum resis-
tin. One may argue, however, that this group was not
compared with healthy euthyroid subjects, and resis-
tin increase was a result of previous hyperthyroidism.
In contrast, other studies showed higher resistin in hy-
perthyroidism (Iglesias et al., 2003; Yaturu et al., 2004;
Krassas et al., 2005), and a positive correlation between
resistin and FT4 and FT3, and a negative correlation be-
tween resistin and TSH. In hypothyroidism, some stud-
ies showed no influence (Krassas et al., 2006) and some,
reduced resitin levels (Iglesias et al., 2003). Undoubt-
fully, these data are scarce and inconclusive. The mar-
gin of their uncertainty is all increased by the fact that

Copyright © 2008 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu



the role of resistin in human metabolism is still under
debate. Historical studies suggested that resistin may
be involved in the pathogenesis of obesity and insu-
lin resistance in animal models (Steppan et al., 2001a),
but their results were not completely confirmed in hu-
mans: the expression of resistin in adipocytes does not
differ among normal, insulin-resistant, and type 2 di-
abetic individuals (Nagaev et al., 2001; Savage et al.,
2001; Janke et al., 2002, Arner, 2005). In addition, in
contrast to several research groups (Silha et al., 2003;
Bajaj et al., 2004), a considerable number of studies
failed to detect an association between resistin concen-
tration and markers for insulin sensitivity in humans
(Lee et al., 2003; McTernan et al., 2003; Heilbronn et
al., 2004; Vozarowa de Courten et al., 2004; Youn et al.,
2004). Difficult confirmation of these early findings in
human populations may be due to the fact that resistin
appears to be derived from different sources in humans
and rodents. Adipocyte is the sole source of resistin in
mice (Kim et al., 2001; Steppan et al., 2001a), whereas
investigations in humans suggest that very little resis-
tin is expressed in adipocytes, but rather, monocytes
and macrophages produce large quantities of resistin
(Savage et al., 2001; Patel et al., 2003). Moreover, a lack
of homology between the human and mouse resistin
genes might also suggest a divergence in function (Yang
et al., 2003).

Therefore, we conclude that resistin levels are lower
in women with short-term profound hypothyroidism.
However, no correlations between the levels of circu-
lating resistin and thyroid hormones and TSH were
shown in our paper. The lack of these correlations
should be seen in view of an unclear role of resistin in
humans, already investigated in a considerable number
of previous studies presented above. This fact merits
further research on resistin in clinical and experimen-
tal medicine.

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 Pol-
ish Ministry of Science and Higher Education.

REFERENCES

1 Arner P (2005). Resistin: yet another adipokine tells us that men
are not mice. Diabetologia. 48: 2203-2205.

2 Azuma K, Katsukawa F, Oguchi S, Murata M., Yamazaki H, Shima-
da A, et al. (2003). Correlation between serum resistin level and
adiposity in obese individuals. Obes Res. 11: 997-1001.

3 Bajaj M, Suraamornkul S, Hardies LJ, Pratipanawatr T, DeFronzo
RA (2004). Plasma resistin concentration, hepatic fat content and
hepatic and peripheral insulin resistance in pioglitazone-treated
type Il diabetic patients. Int J Obes Relat Metab Disord. 28: 783-
789.

Resistin and thyroid status

4 Botella-Carretero JI, Alvarez-Blasco F, Sancho J, Escobar-Morreale
HF (2006). Effects of thyroid hormones on serum levels of adipo-
kines as studied in patients with differentiated thyroid carcino-
ma during thyroxine withdrawal. Thyroid. 16: 397-402.

5 Cettour-Rose P, Theander-Carrillo C, Asensio C, Klein M, Visser
TJ, Burger AG, et al. (2005). Hypothyroidism in rats decreases
peripheral glucose utilisation, a defect partially corrected by
central leptin infusion. Diabetologia. 48: 621-623.

6 Degawa-Yamauchi M, Bovenkerk JE, Juliar BE, Watson W, Kerr K,
Jones R, et al. (2003). Serum resistin (FIZZ3) protein is increased
in obese humans. J Clin Endocrinol Metab. 88: 5452-5455.

7 Friedman JM, Halaas JL (1998). Leptin and the regulation of body
weight in mammals. Nature. 395: 763-770.

8 Fujinami A, Obayashi H, Ohata K, Ichimura T, Nishimura M, Matsui
H, et al. (2004). Enzyme-linked immunosorbent assay for circu-
lating human resistin: resistin concentrations in normal subjects
and patients with type 2 diabetes. Clin Chim Acta. 339: 57-63.

9 Heilbronn LK, Rood J, Janderova L, Albu JB, Kelley DE, Ravussin
E., et al. (2004). Relationship between serum resistin concentra-
tions and insulin resistance in nonobese, obese, and obese dia-
betic subjects. J Clin Endocrinol Metab. 89: 1844-1848.

10 Iglesias P, Alvarez Fidalgo P, Codoceo R, Diez JJ (2003). Serum
concentrations of adipocytokines in patients with hyperthyroid-
ism and hypothyroidism before and after control of thyroid func-
tion. Clin Endocrinol (Oxf). 59: 621-629.

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

12 Janke J, Engeli S, Gorzelniak K, Luft FC, Sharma AM (2002). Resis-
tin gene expression in human adipocytes is not related to insu-
lin resistance. Obes Res. 10: 1-5.

13 Juan CC, Au LC, Fang VS, Kang SF, Ko YH, Kuo SF, et al. (2001).
Suppressed gene expression of adipocyte resistin in an insulin-
resistant rat model probably by elevated free fatty acids. Bio-
chem Biophys Res Commun. 289: 1328-1333.

14 Kim KH, Lee K, Moon YS, Sul HS (2001). A cysteine-rich adipose
tissue-specific secretory factory inhibits adipocyte differentia-
tion. J Biol Chem. 276: 11252-11256.

15 Krassas GE, Pontikides N, Loustis K, Koliakos G, Constantinidis T,
Panidis D (2005). Resistin levels in hyperthyroid patients before
and after restoration of thyroid function: relationship with body
weight and body composition. Eur J Endocrinol. 153: 217-221.

16 Krassas GE, Pontikides N, Loustis K, Koliakos G, Constantinidis
T, Kaltsas T (2006). Resistin levels are normal in hypothyroidism
and remain unchanged after attainment of euthyroidism: rela-
tionship with insulin levels and anthropometric parameters. J
Endocrinol Invest. 29: 606-612.

17 Le Lay S, Boucher J, Rey A, Castan-Laurell |, Krief S, Ferre P, et al.
(2001). Decreased resistin expression in mice with different sen-
sitivities to a high-fat diet. Biochem Biophys Res Commun. 289:
564-567.

18 Lee JH, Chan JL, Yiannakouris N, Kontogianni M, Estrada E, Seip
R, et al. (2003). Circulating resistin levels are not associated with
obesity or insulin resistance in humans and are not regulated by
fasting or leptin administration: cross-sectional and interven-
tional studies in normal, insulin-resistant, and diabetic subjects.
J Clin Endocrinol Metab. 88: 4848-4856.

19 Mc Ternan PG, Fisher FM, Valsamakis G, Chetty R, Harte A, Mc
Ternan CL, et al. (2003). Resistin and type 2 diabetes: regula-
tion of resistin expression by insulin and rosiglitazone and the
effects of recombinant resistin on lipid and glucose metabolism
in human differentiated adipocytes. J Clin Endocrinol Metab. 88:
6098-6106.

20 Nagaev I, Smith U (2001). Insulin resistance and type 2 diabetes
are not related to resistin expression in human fat cells or skel-
etal muscle. Biochem Biophys Res Commun. 285: 561-564.

21 Patel L, Buckels AC, Kinghorn 1J, Murdock PR, Holbrook JD, Plump-
ton C, et al. (2003). Resistin is expressed in human macrophages
and directly regulated by PPAR gamma activators. Biochem Bio-
phys Res Commun. 300: 472-476.

22 Prins JB (2002). Adipose tissue as an endocrine organ. Best Pract
Res Clin Endocrinol Metab. 16: 639-651.

Neuroendocrinology Letters Vol.29 No.1 2008 - Article available online: http://node.nel.edu



136

Maciej Owecki, Ziad EI Ali, Ryszard Wasko, Elzbieta Nikisch and Jerzy Sowinski

23 Savage DB, Sewter CP, Klenk ES, Segal DG, Vidal-Puig A, Consi-
dine RV, et al. (2001). Resistin/FIZZ 3 expression in relation to
obesity and peroxisome proliferator-activated receptor gamma
actions in humans. Diabetes. 50: 2199-2201.

24 Silha JV, Kresk M, Skrha JV, Sucharada P, Nyomba BLG, Murphy LJ
(2003). Plasma resistin, adiponectin and leptin levels in lean and
obese subjects: correlations with insulin resistance. Eur J Endocri-
nol. 149: 331-335.

25 Spiegelman BM, Flier JS (1996). Adipogenesis and obesity:
rounding out the big picture. Cell. 87: 377-389.

26 Steppan CM, Bailey ST, Bhat S, Brown EJ, Banerjee RR, Wright CM,
et al. (2001a). The hormone resistin links obesity to diabetes.
Nature. 409: 307-312.

27 Steppan CM, Brown EJ, Wright CM, Bhat S, Banerjee RR, Dai CY,
et al. (2001b). A family of tissue-specific resistin-like molecules.
Proc Natl Acad Sci USA. 98: 502-506.

28 Steppan CM, Lazar MA (2002). Resistin and obesity-associated
insulin resistance. Trends Endocrinol Metab. 13: 18-23.

29 Vozarova de Courten VB, Degawa-Yamauchi M, Considine MV,
Tataranni PA (2004). High serum resistin is associated with an
increase in adiposity but not a worsening of insulin resistance in
Pima Indians. Diabetes. 53: 1279-1284.

30 Way JM, Gorgun CZ, Tong Q, Uysal KT, Brown KK, Harrington

WW, et al. (2001). Adipose tissue resistinexpression is severely

suppressed in obesity and stimulated by peroxisome prolifera-

tor-activated receptor gamma agonists. J Biol Chem. 276: 25651-

25653.

Yang RZ, Huang Q, Xu A, McLenithan JC, Eisen JA, Shuldiner AR,

et al. (2003). Comparative studies of resistin expression and phy-

logenomics in human and mouse. Biochem Biophys Res Commun.

310:927-935.

32 Yaturu S, Prado S, Grimes SR (2004). Changes in adipocyte hor-
mones leptin, resistin, and adiponectin in thyroid dysfunction. J
Cell Biochem. 93: 491-496.

33 Youn BS, Yu KY, Park HJ, Lee NS, Min SS, Youn MY, et al. (2004).
Plasma resistin concentrations measured by enzyme-linked
immunosorbent assay using a newly developed monoclonal
antibody are elevated in individuals with type 2 diabetes melli-
tus. J Clin Endocrinol Metab. 89: 150-156.

3

—_

Copyright © 2008 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu



