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Serum Adiponectin Levels and Changes in Glucose Metabolism

before and after Treatment for Thyroid Dysfunction

Didem Ozdemir, Selcuk Dagdelen and Aydan Usman

Abstract

Objective Adiponectin is an adipokine which is known to decrease in individuals associated with obesity
and insulin resistance. In this study, we aimed to investigate the serum adiponectin levels and glucose me-
tabolism in patients with thyroid dysfunction before and after treatment.

Methods Newly diagnosed overt hypothyroid (n=20) and thyrotoxic (n=23) patients and healthy controls
(n=20) with a body mass index of <30 kg/m’ were evaluated prospectively. Patients with a known state of in-
sulin resistance, including prediabetes and overt diabetes, and individuals with chronic diseases were ex-
cluded. Thyroid function and fasting plasma glucose (FPG), insulin, homeostatic model assessment (HOMA)
insulin resistance (HOMA-IR) and HOMA-beta cell function (HOMA-beta), lipid and adiponectin levels were
investigated in the basal state and after the restoration of euthyroidism.

Results The basal fasting FPG levels were lower in the hypothyroid patients than the control subjects (p=
0.02) and similar between the thyrotoxic patients and control subjects (p=0.127). The basal HOMA-beta lev-
els were higher in the patients with hypothyroidism than in those with thyrotoxicosis (p=0.015). Following
the restoration of euthyroidism, the FPG levels significantly increased in the hypothyroid patients (p=0.002)
and decreased in the thyrotoxic (p=0.001) patients. The basal plasma adiponectin levels were 14.55+8.4 mcg/
mL, 13.79+£9.13 mcg/mL and 11.68+6.0 mcg/mL in the hypothyroid and thyrotoxic patients and healthy con-
trols, respectively (p=0.503). The adiponectin levels decreased significantly in the patients with hypothyroid-
ism (p=0.047), whereas they did not change in the patients with thyrotoxicosis (p=0.770) after achieving
euthyroidism.

Conclusion In this study, following the restoration of euthyroidism, the FPG levels increased in the hypo-
thyroidism patients and decreased in the thyrotoxicosis patients, despite the lack of changes in the HOMA-IR
and HOMA-beta levels. Meanwhile, the hypothyroid, thyrotoxic and euthyroid subjects had similar basal adi-
ponectin levels, and a significant decrease in the adiponectin levels was observed after treatment for hypothy-
roidism, despite the absence of changes after treatment for thyrotoxicosis, indicating the need for further
studies with a larger sample size.
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Introduction

Adiponectin plays an important role in the regulation of a
variety of processes, ranging from energy homeostasis, lipid
metabolism and insulin sensitivity to inflammation and athe-
rosclerosis (1). It is well established that the circulating adi-
ponectin levels are reduced in patients with obesity and in-

sulin resistance (2-5). In addition, an increased plasma adi-
ponectin level is strongly and independently associated with
a reduced risk of type 2 diabetes mellitus in healthy indi-
viduals (6), and it has been demonstrated that the adi-
ponectin levels are lower in patients with atherogenic lipid
profiles and high blood pressure (7, 8).

Thyroid dysfunction is usually associated with changes in
body weight, appetite and thermogenesis. However, thyroid
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dysfunction-related changes in glucose and lipid metabolism
are not well-defined. Although it is believed that thyrotoxi-
cosis results in hepatic and peripheral insulin resistance (9),
increased, decreased or normal insulin sensitivity has been
reported in both thyrotoxic and hypothyroid patients in dif-
ferent studies (10-13).

The relationship between adiponectin and thyroid dys-
function, both having various effects on glucose and lipid
metabolism, is controversial. It is known that thyrotropin
(TSH) and thyroid hormone receptors are expressed in adi-
pose tissue (14, 15). However, triiodothyronine (T3) was
documented to not influence the expression of adiponectin
in a study investigating the effects of various hormones on
the regulation of the adiponectin gene expression in Vi-
tro (16). On the other hand, Cabanelas et al. recently
showed that T3 is a potential inhibitor of the adiponectin
mRNA expression, acting specifically in subcutaneous de-
posits in rats (17). Furthermore, a positive correlation be-
tween the adiponectin and serum free thyroxine (fT4) levels
in healthy subjects has been described previously (18), al-
though clinical studies investigating the serum adiponectin
levels in patients with hypothyroidism and hyperthyroidism
have reported conflicting results (19, 20). While various
studies have demonstrated higher adiponectin levels in hy-
perthyroid or hypothyroid patients (21, 22), other reports
have found no differences in the adiponectin levels in indi-
viduals with thyroid dysfunction (23, 24). Furthermore, it is
not clear whether the possible changes in lipid and glucose
metabolism observed after the restoration of euthyrodism
can be explained by thyroid dysfunction-related adiponectin
changes.

In this study, we aimed to evaluate the serum adiponectin
levels before and after treatment in patients with thyroid
dysfunction and investigate the possible role of adiponectin
in thyroid dysfunction-related glucose and lipid metabolism
changes.

Materials and Methods

Subjects

Patients diagnosed with overt thyrotoxicosis and hypothy-
roidism at our clinic were screened for inclusion in this
study. All patients and control subjects provided their in-
formed consent, and local ethics committee approval was
obtained in accordance with the ethical standards of the Hel-
sinki Declaration. The inclusion criteria were as follows: 2
18 years of age, newly diagnosed overt hypothyroidism or
thyrotoxicosis without treatment and a body mass index
(BMI) of <30 kg/m’. Patients with known diabetes or states
of insulin resistance, such as impaired fasting glucose, im-
paired glucose tolerance or polycystic ovary syndrome, sub-
jects using medications that have an effect on insulin and
glucose metabolism (corticosteroids, insulin, oral antidia-
betic agents) and individuals with organ failure or malig-
nancy were excluded. Persons with central hypothyroidism
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were also excluded. The patients were matched with healthy
controls according to age, sex and BMI. All female patients
and controls were premenopausal.

Anthropometric measurements and laboratory ex-
aminations

A complete physical examination, including measure-
ments of height, weight, waist and hip circumference, blood
pressure and pulse, was performed by the same physician in
all subjects. The body mass index was calculated as the
weight (kg)/height® (m®). The fasting plasma glucose (FPG),
fasting plasma insulin, lipid, TSH, free T3 (fT3), fT4, anti-
thyroid peroxidase antibody and antithyroglobulin antibody
levels were checked at the time of diagnosis and after the
restoration of euthyroidism with appropriate therapy for at
least eight weeks. The healthy control subjects were tested
once. Blood samples were obtained from the antecubital
vein after overnight fasting between 08:00 and 09:00 hours
in the resting position. The serum concentrations of TSH,
fT3 and fT4 were measured with an electrochemilumines-
cence immunoassay. The anti-thyroid peroxidase antibody
and antithyroglobulin antibody titers were measured using a
radioimmunoassay and chemiluminescent sequential immu-
nometric assay, respectively. The immunoradiometric assay
method was used to measure the fasting plasma insulin lev-
els; the analytic sensitivity of the kit was 0.5 mIU/mL.
Plasma samples for adiponectin measurement were also ob-
tained at the time of diagnosis and after the restoration of
euthyroidism in the patients and once in the control subjects
and subsequently stored at -80°C until being assayed. The
serum adiponectin levels were determined using a radioim-
munassay with an adiponectin RIA kit produced by LINCO
research® (St.Charles, USA, 2006). The minimum level of
detection on the assay for adiponectin was 1 ng/mL.

The normal laboratory range was 60-100 mg/dL for the
FPG level and 2.1-22 mIU/mL for the fasting plasma insulin
level. Overt thyrotoxicosis and hypothyroidism were diag-
nosed in compliance with the American Association of
Clinical Endocrinologists medical guidelines for clinical
practice for the evaluation and treatment of hyperthyroidism
and hypothyroidism (25). The normal range was 0.27-4.2
mlIU/mL for the TSH level, 3.1-6.8 pmol/L for the fT3 level
and 12-22 pmol/L for the fT4 level.

Metabolic assessment

The insulin resistance index was calculated before and af-
ter treatment in the patients and once in the control group.
The homeostatic model assessment (HOMA) index was used
to evaluate the degree of insulin resistance and the beta cell
function (26). The formulas for HOMA insulin resistance
(HOMA-IR) and HOMA-beta cell function (HOMA-beta)
were as follows:

HOMA-IR = [Fasting plasma glucose (mg/dL) x Fasting
plasma insulin (mIU/mL)] / 405

HOMA-beta = [20 x fasting plasma insulin (mIU/mL)] /
[Fasting plasma glucose (mg/dL) / 18-3.5]
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Table 1.
and Controls.
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Baseline Clinical and Laboratuary Characteristics of Patients

Hypothyroidism Control Thyrotoxicosis p
(n=20) (n=20) (n=23)

Age 420116 39.6+113 37.9+10.5 0.482
Sex (Female/Male) 16/4 14/6 17/6 NA
BMI (kg/m” 253+29 259425 23.4+3.4" 0.014
TSH (mIU/mL) 82.79+23.67"  1.83+£090  0.012£0.012  <0.001
T3 (pmol/IL) 3.83 + 6.90¢ 488+0.53  17.92+11.35°  <0.001
T4 (pmol/IL) 5.77 +2.85% 1576 £2.10  4925+27.54%  <0.001
FPG (mg/dL) 82.25+10.50"  91.8+10.01 98.39+11.96  <0.001
Fasting plasma insulin 8.64 +4.22 8.88 +3.66 10.49 £ 5.08 0.329
(mIU/mL)

HOMA-IR 1.81+1.11 2.04£0.95 2.57+1.31 0.089
HOMA-beta” 149.25/92.30  113.84/89.16  100.46/60.0  0.038
Total cholesterol (mg/dL) ~ 239.4 +48.66'F  171.9+4539 153.70+32.68  <0.001
Triglyceride (mg/dL) 139.75+60.757  95.4+39.45 105.74+53.83  0.024
LDL (mg/dL) 165.45+47.57%  111.55+40.1 78.91+30.96°  <0.001
HDL (mg/dL) 5725+13.60°  48.6+892  5428+11.12  0.057
Adiponectin (mcg/mL) 14.55 + 8.40 11.68 +6.0 13.79+9.13 0.503

BMI: Body mass index, TSH: Thyrotropin, fT3: Free T3, fT4: Free T4, FPG: Fasting plasma

glucose,

HOMA-IR: Homeostatic model assessment-insulin resistance,

HOMA -beta:

Homeostatic model assessment-beta cell function, LDL:Low density lipopotein, HDL: High

density lipoprotein, NA: Not applicable
*data median and interquartile range
p<0.05 hypothyroid patients vs. controls,

1p<0.05 hypothyroid patients vs. thyrotoxic patients,

$p<0.05 thyrotoxic patients vs. controls

Management of the patients

When needed, thyroid ultrasonography, scintigraphy and
radioactive iodine uptake assessments were performed to
identify the underlying cause of disease and plan the treat-
ment strategy. In both groups, in cases of nodular goiters, a
thyroid fine-needle aspiration biopsy of the nodule or nod-
ules was performed according to the “American Association
of Clinical Endocrinology and Associazione Medici Endocri-
nologi” guidelines published in 2006 (27). Thyrotoxic pa-
tients were administered propylthiouracil (with the dose ta-
pered down from 300 mg/day) and/or propranolol (40-120
mg/day for two weeks) according to the underlying pathol-
ogy in order to maintain the thyroid function within the nor-
mal limits. Hypothyroid patients were administered L-
thyroxine, and the initial dose was chosen based on the pa-
tient’s age and cardiovascular risk. Thyroid function parame-
ters were reevaluated in the thyrotoxic and hypothyroid pa-
tients every 3-4 weeks.

Statistical analysis

All data were analyzed using the SPSS software program
(Statistical Package for the Social Sciences for Windows,
Chicago, USA), version 9.05. Comparisons of means be-
tween two groups were made using Student’s r-test. An
analysis of variance (ANOVA) was used to compare means
between more than two groups. For paired data, statistical
analyses of the values obtained before and after therapy
were carried out using the paired Student’s z-test. The Chi-
square test was used to investigate differences between the
groups in terms of categorical variables. Correlations be-
tween the variables were assessed using Pearson and Spear-

man correlation analyses for parametric and nonparametric
variables, respectively. A p value of less than 0.05 was con-
sidered to indicate statistical significance.

Results

Twenty-four patients with overt hypothyroidism and 30
patients with overt thyrotoxicosis were included in this
study. Data for 20 hypothyoid patients, 23 thyrotoxic pa-
tients and 20 control subjects were analyzed. Four hypothy-
roid and seven thyrotoxic patients were excluded because
they were not euthyroid at the end of the study. The mean
age and sex distributions were identical in all groups (Ta-
ble 1). The thyrotoxic patients had lower BMI values than
the hypothyroid and control groups; however, only the dif-
ference between the thyrotoxic and control groups was sig-
nificant (p=0.016). The underlying causes of hypothyroidism
included Hashimoto’s thyroiditis, postoperative hypothyroid-
ism and postradioactive iodine hypothyroidism in 15, three
and two patients, respectively. Thyrotoxicosis was secondary
to Graves’ disease, subacute thyroiditis, autonomously func-
tioning nodules and Hashitoxicosis in 13, five, three and two
patients, respectively. With appropriate management, euthy-
roidism was achieved in 4.7+2.49 months in the hypothyroid
patients and 7.17+4.0 months in the thyrotoxic patients. The
baseline biochemical and hormonal results of the patients
and control subjects are shown in Table 1. There were statis-
tically significant differences between the groups in terms of
the FPG levels (p<0.001). In addition, the thyrotoxic pa-
tients had higher fasting plasma insulin levels than both the
hypothyroid and control individuals, although the differences
did not reach statistical significance (p=0.329). The HOMA-
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Table 2. Characteristic of Thyrotoxic and Hypothyroid Patients before and after Restoration

of Euthyroidism.
Hypothyroidism (n=20) Thyrotoxicosis (n=23)
Basal Post-treatment p Basal Post-treatment p
BMI (kg/m?) 253+29 24.742.8 0.040 23.4+3.4 24.1+4.1 0.075
TSH (mIU/mL) 82.79 £23.67 2.20 £ 1.49 <0.001  0.012+0.012 1.94+1.21 <0.001
fT3 (pmol/L) 3.83+£6.90 4.73+£0.82 0.555 17.92 +£11.35 4.56+0.71 <0.001
fT4 (pmol/L) 5.77+2.85 17.53£2.59 <0.001  49.25+27.54 1457+ 1.73 <0.001
FPG (mg/dL) 82.25+10.50 91.55+9.99 0.002 98.39+11.97 90.78 + 12.28 0.001
Fasting plasma 8.64+4.22 9.47+3.92 0.433 10.49 +5.08 8.59 +4.58 0.161
insulin (mIU/mL)
HOMA-IR 1.81+1.11 2.13+£0.91 0.204 2.57+1.31 1.98+£1.22 0.075
HOMA-beta* 214.35+204.77 145.45+110.60  0.182 117.34+66.60 128.72+71.95 0.533
Total cholesterol 239.40 + 48.66 205.70 + 48.52 0.014 153.70+£32.68  200.78 £36.94  0.001
(mg/dL)
Triglyceride 139.75 £ 60.75 127.05 + 60.92 0.260 105.74+53.83  108.70+37.21  0.769
(mg/dL)
LDL (mg/dL) 165.45 +47.57 136.65 +43.57 0.027 78.91+£3096  126.52+34.09  0.001
HDL (mg/dL) 57.25+13.60 51.35+6.13 0.030 5428 +11.2 59.97+13.36 0.025
Adiponectin 14.55 £ 8.40 11.44 +6.02 0.047 13.79+9.13 14.31+5.33 0.070
(mcg/mL)

BMI: Body mass index, TSH: Thyrotropin, fT3: Free T3, fT4: Free T4, FPG: Fasting plasma glucose, HOMA-IR:
Homeostatic model assessment-insulin resistance, HOMA-beta: Homeostatic model assessment-beta cell function,

LDL:Low density lipopotein, HDL: High density lipoprotein, NA: Not applicable

* data median and interquartile range

IR values were similar in all groups (p=0.089). The hypo-
thyroid patients had significantly higher HOMA-beta values
than the thyrotoxic patients (p=0.015). The total cholesterol,
triglyceride, low-density lipoprotein (LDL) and high-density
lipoprotein (HDL) levels were significantly higher in the hy-
pothyroid patients than in the control subjects. In the thyro-
toxic patients, among the lipid parameters, only the LDL
levels were significantly lower than that observed in the
euthyroid subjects.

Although the BMI values significantly decreased in the
hypothyroid patients after the restoration of euthyroidism
(p=0.04), no significant changes were observed in the thyro-
toxic patients (p=0.075). Table 2 shows the clinical and bio-
chemical characteristics of the patients before and after
treatment for thyroid dysfunction. Treatment for hypothy-
roidism resulted in a significant increase in the FPG levels
(p=0.002), while treatment for thyrotoxicosis resulted in a
significant decrease in this parameter (p=0.001). Following
the restoration of euthyroidism, the fasting plasma insulin
and HOMA-IR values increased in the hypothyroid patients
and decreased in the thyrotoxic patients; however, the differ-
ences were not statistically significant. In addition, the
HOMA-beta levels did not change significantly after treat-
ment in the two groups. Meanwhile, the total cholesterol,
LDL and HDL levels decreased after treatment in the hypo-
thyroid patients (p=0.014, p=0.027 and p=0.030, respec-
tively) and increased after treatment in the thyrotoxic pa-
tients (p<0.001, p<0.001 and p=0.025, respectively). The at-
tainment of euthyroidism did not alter the triglyceride levels
in either group.

The basal plasma adiponectin levels were 14.55+8.4 mcg/
mL, 13.79+9.13 mcg/mL and 11.68+6.0 mcg/mL in the hy-
pothyroid and thyrotoxic patients and healthy controls, re-
spectively (p=0.503) (Table 1). The adiponectin levels in the

hypothyroid patients significantly decreased following treat-
ment with L-thyroxine therapy (p=0.047), and the signifi-
cance of this trend remained after correcting the analysis for
BMI. Meanwhile, treatment for thyrotoxicosis resulted in an
insignificant increase in the adiponectin levels (p=0.770).
Analyzing all groups together under euthyroid conditions,
the adiponectin levels were significantly higher in women
than in men (13.70£6.03 mcg/mL vs. 9.22+3.61 mcg/mL,
p=0.007) and in normal-weight patients versus overweight
patients (14.11+5.88 mcg/mL vs. 10.96+5.42 mcg/mL, p=
0.031).

When the data for the patients with Graves’ disease were
analyzed separately, we observed the findings for the overall
thyrotoxic patients, in both the basal state and after treat-
ment, to be nearly completely representative of Graves’ dis-
ease patients, with some minor differences. In these patients,
the FPG levels were significantly higher and the total cho-
lesterol and LDL levels were significantly lower than that
observed in the hypothyroid patients. Different from that
seen in the overall thyrotoxic group, the HOMA-beta values
were similar between the patients with Graves’ disease and
those in the hypothyroid group and the LDL levels were
similar between the patients with Graves’ disease and the
control subjects. Treatment for hyperthyroidism in these pa-
tients also led to a significant decrease in the FPG levels
and increase in the total, LDL and HDL cholesterol levels,
such as that noted in the thyrotoxic patients. However, dif-
ferent from that observed in the overall thyrotoxic group,
the attainment of euthyroidism in the patients with Graves’
disease resulted in a marked decrease in the HOMA-IR val-
ues, particularly due to the higher basal insulin levels and
lower post-treatment insulin levels compared to that seen in
the thyrotoxic patients. The basal and post-treatment adi-
ponectin levels in the patients with Graves’ disease were
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Table 3. Correlation Analysis between Basal TSH, fT3, fT4 and Clinical and
Laboratuary Characteristics Including All Subjects.

Basal TSH Basal fT3 Basal fT4

rs p IS p rs p
BMI (kg/m?) 0.290  0.021 -0.309  0.014 -0.295 0.019
FPG (mg/dL) -0.542  <0.001 0.479 <0.001 0.556  <0.001
Fasting plasma insulin (mIU/mL) -0.171  0.181 0215 0.090 0.171 0.180
HOMA-IR -0.298  0.018 0311 0.013 0.303 0.016
HOMA-beta 0.332  0.008 -0.259  0.041 -0.324 0.010
Total cholesterol (mg/dL) 0.631 <0.001 -0.599 <0.001 -0.627  <0.001
Triglyceride (mg/dL) 0.321  0.010 -0.293  0.020 0.266 0.035
LDL (mg/dL) 0.675 <0.001 -0.663 <0.001 -0.680  <0.001
HDL (mg/dL) 0.064 0.618 -0.039  0.759 -0.630 0.622
Adiponectin (mcg/mL) 0.055  0.667 -0.044  0.733 -0.260 0.838

TSH: Thyroid stimulating hormone, fT3: Free T3, fT4: Free T4, BMI: Body mass index, FPG:
Fasting plasma glucose, HOMA-IR: Homeostatic model assessment-insulin resistance, HOMA-
beta: Homeostatic model assessment-beta cell function, LDL: Low density lipopotein, HDL:
High density lipoprotein, rs: Spearman correlation co-efficient

15.75+11.03 mcg/mL and 16.85+4.36 mcg/mL, respectively
(p=0.697).

In the correlation analysis including all subjects, the basal
TSH level was found to be negatively correlated with the
basal FPG and HOMA-IR values and positively correlated
with the basal HOMA-beta, total cholesterol, triglyceride
and LDL values (Table 3). The reverse associations were
also true for the basal fT3 and fT4 levels, and there were no
correlations between the basal adiponectin levels and the ba-
sal BMI, TSH, thyroid hormone, FPG, insulin, HOMA-IR,
HOMA-beta and lipid values in the patients with hypothy-
roidism and thyrotoxicosis.

Discussion

The effects of thyroid hormones on glucose tolerance and
insulin secretion have remained controversial for years. In
different studies, mostly including small sample sizes, hy-
perthyroidism has been reported to be associated with glu-
cose intolerance (11, 28). However Gonzalo et al. showed
no changes in glucose metabolism in the hyperthyroid pa-
tients with a normal weight (10). There are also conflicting
results regarding the effects of insulin resistance in patients
with hypothyroidism. In hypothyroid animal models, a de-
creased rate of insulin infusion using an euglycemic hyper-
insulinemic clamp has been demonstrated, despite normal
levels of basal glucose and insulin (29). This observation is
explained by the lower levels of insulin resistance and glu-
cose utilization in muscle and adipose tissue in hypothyroid
animals. Owecki et al. reported significantly lower FPG lev-
els in hypothyroid patients versus euthyroid subjects, al-
though the plasma insulin, HOMA-IR and HOMA-beta val-
ues were similar (30). Our findings are consistent with the
results of that study. In particular, we demonstrated that the
FPG and insulin resistance index values in patients with thy-
rotoxicosis are identical to those observed in control sub-
jects. However, the FPG levels were significantly higher and
the HOMA-beta values were significantly lower in the thy-
rotoxic patients than in the hypothyroid patients. To our

knowledge, this is the first study to evaluate the HOMA-
beta values in thyrotoxic patients. When all patients were
pooled, the basal TSH levels were found to be negatively
correlated with the FPG and HOMA-IR values and posi-
tively correlated with the HOMA-beta values. In other
words, insulin resistance developed as the TSH levels de-
creased. In addition, the levels of thyroid hormones were
positively correlated with the FPG and HOMA-IR values
and negatively correlated with the HOMA-beta values.
These findings suggest that thyrotoxicosis is associated with
higher FPG levels and worsening of the beta cell function.
Beta cell apoptosis via an unknown mechanism has been
demonstrated in the pancreas in L-thyroxine administered
rats (31). Additionally, it is thought that the phenomena
rapid gastric emptying and glucose absorption in thyrotoxic
patients result in postprandial hyperglycemia and an in-
creased insulin response, thus causing insulin resis-
tance (32, 33). However, Fukuchi et al. detected higher glu-
cose levels and a lower insulin response to oral glucose
loading in rats given intraperitoneal L-thyroxine and sug-
gested that the abnormal glucose tolerance observed in cases
of hyperthyroidism is related to a decreased pancreatic cell
response rather than peripheral resistance (34). The de-
creased HOMA-beta values and lack of insulin resistance
observed in our thyrotoxic patients provide support for this
hypothesis.

In a recent study of 30 hyperthyroid subjects, the plasma
glucose, insulin and c-peptide levels significantly decreased
after one month of antithyroid treatment (35). Another study
detected significantly higher insulin sensitivity using the
euglycemic insulin clamp technique in the euthyroid state
versus the hyperthyroid state (36). These findings are similar
to those of other studies showing affirmative changes in glu-
cose and insulin metabolism after treatment for hyperthy-
roidism (28, 37). In the current study, compared to that ob-
served in the thyrotoxic state, the FPG levels significantly
decreased after the attainment of euthyroidism. Limited
studies examining glucose metabolism in hypothyroid pa-
tients have reported that both insulin sensitivity and secre-
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tion normalize with treatment for hypothyroidism (13). Our
findings indicate that treatment for hypothyroidism results in
a significant increase in the FPG level, whereas the insulin
resistance index and beta cell function do not change.

Since adiponectin is a relatively new adipokine, reports
investigating the adiponectin levels in patients with thyroid
dysfunction are limited. The first such study conducted by
Iglesias et al. in 2003 found similar adiponectin levels in 20
hyperthyroid patients, 20 hypothyroid patients and 20 euthy-
roid subjects (24). In different studies, the adiponectin levels
have also been reported to be significantly higher in hyper-
thyroid patients than in hypothyroid patients or control sub-
jects (19, 21). While experimental hyperthyroidism induces
increases in the adiponectin levels, experimental hypothy-
roidism does not result in any significant changes (23).
However, in a recent study, although the hypothyroid group
had the highest adiponectin levels, no significant differences
were reported among the hypothyroid, hyperthyroid and
euthyroid subjects (22). We also found similar results in the
current study. Since the adiponectin levels are decreased in
patients with insulin resistance, they are also expected to be
decreased in patients with hyperthyroidism, a condition that
has been shown to be related to insulin resistance. However,
neither this study nor most previously published studies
have demonstrated such significantly decreased adiponectin
levels in individuals with hyperthyroidism. Various explana-
tions for this discrepancy have been suggested. One possible
explanation involves the induction of TSH receptors on adi-
pose cells via the effects of TSH-stimulating antibodies, thus
resulting in increased adiponectin production (38). Direct
stimulation of adiponectin by thyroid hormones through the
peroxisome proliferator-activated receptor (PPAR) signaling
pathway is another hypothesis (39, 40). Other proposed
mechanisms include an increase in the number of adrenergic
receptors and enhanced lipolysis in addition to an increased
number of small adipocytes responsible for adiponectin pro-
duction (41, 42). None of these mechanisms have yet been
proven in molecular or experimental studies.

To the best of our knowledge, there is only a single study
evaluating the adiponectin levels before and after treatment
in both hypothyroid and thyrotoxic patients. In that study,
Iglesias et al. demonstrated that, after treatment, the adi-
ponectin levels increased in the patients with hyperthyroid-
ism and decreased in those with hypothyroidism, although
these changes were not statistically significant (24). Another
study reported that patients with Basedow disease have sig-
nificantly higher serum adiponectin levels in the hyperthy-
roid state than in the euthyroid state; however, that study
was not designed to investigate changes before and after
treatment and instead included two different groups of pa-
tients (18). Recently, in a study by Hsieh et al., the serum
adiponectin concentrations were reported to have signifi-
cantly decreased after treatment in patients with hyperthy-
roidism (43). In the present study, the adiponectin levels de-
creased significantly in the patients hypothyroidism follow-
ing the restoration of euthyroidism. Nevertheless, the in-
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crease in the adiponectin levels observed with treatment in
the patients with thyrotoxicosis did not reach statistical sig-
nificance.

Few studies have investigated the association between the
adiponectin levels and abnormalities of glucose metabolism
in patients with thyroid dysfunction, with no relationships
found in the majority of reports (19, 20, 22). Although Igle-
sias et al. documented insulin resistance in individuals with
hyperthyroidism, due to the similar adiponectin levels ob-
served in the hypothyroid, hyperthyroid and euthyroid states,
they concluded that adiponectin does not play a role in the
pathogenesis of insulin resistance in cases of thyroid dys-
function (24). Similar results were obtained by Chu et al,
who concluded that insulin resistance associated with hyper-
thyroidism is not mediated by a reduction in the adiponectin
level (44). Meanwhile, one study that evaluated patients
with Graves’ disease when both thyrotoxic and hypothyroid
also found no associations between the HOMA-IR and adi-
ponectin values (19). Moreover, Altinova et al. observed sig-
nificantly higher HOMA-IR values in hyperthyroid patients
than in hypothyroid and euthyroid subjects; however, since
the adiponectin levels were similar between the group, the
authors were unable to clarify the role of adiponectin in the
development of insulin resistance in the setting of hyperthy-
roidism (20). In another study, the serum concentrations of
adiponectin and leptin were found to be similar in hyperthy-
roid, hypothyroid and euthyroid individuals (22). The
authors subsequently concluded that metabolic changes asso-
ciated with thyroid dysfunction are not related to variations
in the serum levels of these adipokines. Contrary to these
clinical findings, the adiponectin gene expression was re-
cently shown to be increased in hyperthyroid rats, and a sig-
nificant positive correlation between the adiponectin and
glucose levels has been reported (40). These observations
suggest the possible role of changes in the adiponectin gene
expression in glucose metabolism in patients with thyroid
dysfunction. Yu et al. observed significantly lower FPG, in-
sulin and HOMA-IR values and higher adiponectin levels in
hypothyroid patients than in euthyroid subjects (21). In the
thyrotoxic patients, the FPG, insulin, HOMA-IR and adi-
ponectin levels were each higher than those observed in the
euthyroid control group. As adiponectin is an adipokine
known to be suppressed in states of insulin resistance, it is
controversial to find higher adiponectin levels in patients
with hyperthyroidism, a condition associated with insulin re-
sistance. If true, these findings indicate that the negative as-
sociation between adiponectin and insulin resistance is re-
versed in cases of hyperthyroidism. Suggested mechanisms
for this unexpected finding are discussed above. In addition,
the detection of increased or inappropriately normal adi-
ponectin levels in patients with hyperthyroidism may repre-
sent the effects of a compensatory mechanism against insu-
lin resistance in this state.

We observed no significant correlations between the adi-
ponectin levels and FPG, fasting plasma insulin, HOMA-IR
and HOMA-beta values in the patients with hypothyroidism
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and thyrotoxicosis. This was also the case when we ana-
lyzed all groups together after the restoration of euthyroid-
ism. This result is in contrast with the findings of studies
showing insulin resistance in individuals with adiponectin
deficiency. However, it should be noted that, contrary to the
findings of decreased adiponectin levels in patients with in-
sulin resistance, a few recent studies have shown no such
correlations. For example, no significant associations be-
tween the adiponectin and HOMA-IR values were found
among 166 healthy Japanese men (45). The adiponectin and
HOMA-beta values have been examined in far fewer stud-
ies. Hung et al. investigated the HOMA-IR, HOMA-beta
and adiponectin levels in 580 children and found that only
the adiponectin and HOMA-IR levels in girls were signifi-
cantly correlated (46). In recent years, high-molecular-
weight multimers of adiponectin, rather than adiponectin it-
self, have been suggested to be better markers of insulin re-
sistance (47). There is a possibility that we may have ob-
tained different results in the present study if we had meas-
ured the high-molecular-weight adiponectin levels. In addi-
tion, the adiponectin levels have been found to be different
in various ethnic groups. For example, this parameter was
shown to be related to insulin resistance in African Ameri-
cans, but not Caucasions, in one study (48). Such ethnic
variation may have confounded our data.

In most publications, hypothyroidism has been found to
be related to high total cholesterol, LDL cholesterol and tri-
glyceride levels (49, 50). The effect of hyperthyroidism on
lipid metabolism is opposite to that of hypothyroidism. In
the thyrotoxic state, fatty acids are used as an energy source
and the production of lipoprotein lipase is stimulated (51).
The significantly higher lipid levels noted in the hypothyroid
patients versus the healthy subjects in this study are consis-
tent with the literature. Only the LDL cholesterol levels
were significantly lower in the thyrotoxic group than in the
control group. Furthermore, treatment for hypothyroidism
and thyrotoxicosis led to significant decreases and increases
in the total cholesterol and LDL levels, respectively. Al-
though previous authors have demonstrated atherogenic lipid
profiles in patients with decreased adiponectin levels (2, 7),
some have reported increased triglyceride levels with no
changes in the total cholesterol levels (4, 5) and others have
found no relationships between the adiponectin and lipid
levels (3). Altinova et al. showed that the adiponectin level
is positively correlated with the HDL level and negatively
correlated with the triglyceride level in both patients with
hypothyroidism and hyperthyroidism (20); however, they
found no correlations with the total cholesterol or LDL lev-
els. In another study, Yu et al. reported no relationships be-
tween the adiponectin and lipid levels in subjects with hypo-
thyroidism and hyperthyroidism (21). Our results are similar
to those of the latter study, suggesting that adiponectin plays
no role in the altered lipid metabolism observed in patients
with thyroid dysfunction.

DOI: 10.2169/internalmedicine.54.0668

Conclusion

In conclusion, we showed that hypothyroid patients have
lower FPG levels within the normal ranges and that this gly-
cemic aberration appears to resolve following treatment for
hypothyrodism. In the present study, the basal FPG levels
were similar between the patients with thyrotoxicosis and
the euthyroid subjects, although the attainment of euthyroid-
ism significantly decreased the FPG levels. Therefore, glu-
cose metabolism should be evaluated in patients with thy-
roid dysfunction following normalization of thyroid hor-
mones. Furthermore, the basal serum adiponectin levels
were similar in the hypothyroid, thyrotoxic and euthyroid
groups in this study, and the adiponectin levels did not
change in the patients with thyrotoxicosis after the attain-
ment of euthyroidism. Although this study did not include
sufficent data to show a direct association between the adi-
ponectin level and thyroid dysfunction-related abnormalities
in glucose and lipid metabolism, our finding that treatment
for hypothyroidism results in a significant increase in the
FPG level and significant decrease in the adiponectin level
indicates the need for further studies with larger sample
sizes to clarify the possible relationship between adiponectin
and thyroid dysfunction.

This research was previously presented in oral communication
form at the 2010 European Congress of Endocrinology in Pra-
gue, Czech Republic.
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