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Abstract

Purpose: To determine the main causes of thyrotoxicosis and to compare the clinical and biochemical fetaures of the patients according to the
underlying cause of thyrotoxicosis.

Material and Method: Five hundred ninety-two patients, who were consecutively diagnosed with thyrotoxicosis, were retrospectively analysed.
Symptoms of thyrotoxicosis, serum thyroid-stimulating hormone (TSH), free T3 and free T4 levels, anti-thyroglobulin autoantibody (TGAb), anti-
thyroid peroxidase autoantibody (TPOAb) and ultrasonographic features were recorded. To determine the cause of thyrotoxicosis, Tc-99m
pertechnetate thyroid scintigraphy was performed in all patients except for pregnant women. The clinical and biochemical results were compared
between the patients with different diagnosis of thyrotoxicosis.

Results: 40.9% of patients were diagnosed with toxic multinodular goiter (TMNG]. The other main causes of thyrotoxicosis were: Graves’ disease
(GD) (22%), thyroiditis (14.8%), gestational thyrotoxicosis (12.7%), and toxic adenoma (9.6%). The clinical presentation and severity of thyrotoxicosis
varied according to the underlying cause. Weight loss was more frequently observed in patients with GD (p=0.0001), while cardiac arrhythmia
dominated in patients with TMNG (p=0.0001). Moderate (27%) or severe (23.9%) thyrotoxicosis was more common in patients with GD than in
patients with other forms of thyrotoxicosis (p=0.0001).

Discussion: Toxic multinodular goiter is the most common cause of thyrotoxicosis in our region. Turk Jem 2014; 18: 121-125
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Ozet

Amag: Tirotoksikozun ana nedenlerini belirlemek ve alfta yatan sebeplere gére hastalarin klinik ve biokimyasal 6zelliklerini karsilastirmak idi.
Gereg ve Yontem: Ardisik olarak tirotoksikoz tanisi alan 592 hastanin verileri retrospektif olarak incelendi. Tirotoksikoz semptomlar, TSH, serbest
T3, serbest T4, antiTG ve antiTPO dUzeyleri ile ultrasonografi 6zellikleri kaydedildi. Tirotoksikozun nedenini saptamak icin tUm hastalara Tc99m
pertechnetate tiroid sintigrafisi ¢ekildi. Hastalarin klinik ve biokimyasal sonuclari tirotoksikoz nedenlerine goére karsilastirildi.

Bulgular: Hastalarin %40,9’'una foksik multinoduler guatr (TMNG] tanisi kondu. Tirotoksikozun diger ana nedenleri: %22 Graves hastalig, %14,8
tiroidit, %12,7 gestasyonel firotoksikoz ve %9,6 toksik adenom idi. Tirotoksikozun klinik prezentasyonu ve ciddiyeti altta yatan nedene gére
degisiyordu. Kardiak aritmi TMNG'li hastalarda daha sik gérilorken (p=0,0001), kilo kaybi Graves hastaligi olanlarda daha fazlayd (p=0,0001).
Orta (%27) ya da agir (%23,9) tirotoksikoz Graves hastaligi olanlarda daha yaygindi (p=0,0001).

Tarhsma: Toksik multinodUler guatr bizim bélgemizde tirotoksikozun en sik nedenidir. Turk Jem 2014; 18: 121-125

Anahtar kelimeler: Tirotoksikoz, toksik multinoduler guatr, Graves hastaligi
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Introduction

Thyrotoxicosis, defined as elevated free thyroxine (fT4) and/
or free triiodothyronine (fT3) levels, is a well recognized clinical
entity, but at present, little information is available concerning
the prevalence of the disorders that produce it. Several different
disorders can cause thyrotoxicosis. It is essential to determine the
correct cause, because appropriate therapy depends upon the
underlying mechanism of thyrotoxicosis.

The studies, evaluating the distribution of disorders that cause
thyrotoxicosis in different regions of the world, were performed
during the years 1980-1990. Graves’ disease (GD) is the most
common cause of thyrotoxicosis, accounting for 60 to 80% of
all cases in different regions of the world (1,2,3,4,5,6). Most
of the remaining causes are toxic multinodular goiter, toxic
adenoma, exogenous thyroid hormone administration,
gestational thyrotoxicosis, and several types of thyroiditis. Toxic
multinodular goiter (TMNG) may be more common than GD in
older patients from areas where iodine intake is relatively low (7).
After 1990s, there is little information about the clinical spectrum
of thyrotoxicosis in the literature.

The clinical manifestations of thyrotoxicosis can vary considerably
among patients. Age of the patient, duration of iliness, elevation in
serum levels of fT4 and fT3, and presence of comorbid conditions
can affect the clinical features of patients (8). Both overt and
subclinical disease may lead to characteristic signs and symptoms.
The underlying cause of thyrotoxicosis may have an effect on the
clinical presentation of patients. Factitious thyrotoxicosis is more
common than GD as the cause of subclinical thyrotoxicosis (9).

In this setting, the aim of this study was to defermine the main
causes of thyrotoxicosis. Secondly, we aimed to determine the
clinical and biochemical fetaures of patients and compare
according to the underlying cause of thyrotoxicosis.

Materials and Methods

This retrospective study included all consecutive patients who
attended our endocrinology outpatient clinic for thyrotoxicosis
between November 2011 and November 2012. This study was
approved by the local ethical committee. This is the only endocrinology
center in Rize, province of the eastern part of Black Sea in Turkey with
about 150.000 inhabitants. Five hundred ninety-two patients were
diagnosed with thyrotoxicosis by suppressed serum thyrotropin
(TSH) levels during a period of one year. The institutional medical
ethics committee approved the study and all patients were enrolled
after providing written informed consents. Patients who received
exogenous thyroid hormone were excluded from the study. Medical
records of patients were reviewed and the following information at
the time of diagnosis was recorded: patient’s age, gender, presence
or absence of symptoms of thyrotoxicosis such as weight loss, heat
intolerance, tremor, palpitations and nervousness, thyroid gland
size, presence or absence of thyroid tenderness, symmetry, and
nodularity, presence or absence of cardiac arrhythmia (documented
by electrocardiography), and serum TSH, fT3 and T4 levels.

To determine the cause of thyrotoxicosis, Tc-99m pertechnetate
thyroid scintigraphy was performed in all patients except for

pregnant women. Ultrasonographic examination was also done
and the echogenicity of the thyroid parenchyma and the size,
number, location and structure of nodules were recorded. Serum
levels of anti-thyroglobulin autoantibody (TGAb), anti-thyroid
peroxidase autoantibody (TPOAb) and TSH receptor- stimulating
autoantibody (TSHRAb) were recorded.

The patients were diagnosed with GD, TMNG, toxic adenoma
(TA), thyroiditis or gestational thyrotoxicosis. The diagnosis of GD
was based on a diffuse high uptake of radioactive iodine and
high serum concentrations of TSHRAb. TA was defined as thyroid
nodule which demonstrated uptake with suppressed uptake in
the surrounding thyroid fissue on thyroid scintigraphy. TMNG was
defined as multiple thyroid nodules on thyroid ultrasonography
and one or more focal areas of increased radioiodine uptake on
thyroid scintigraphy. The diagnosis of thyroiditis was based on a low
uptake of radioactive iodine. Erythrocyte sedimentation rate (ESR)
and C-reactive protein levels were measured in patients whose
thyroid gland was hard and painful on palpation to distinguish
subacute thyroiditis from the other causes of thyroiditis. Gestational
thyrotoxicosis was defined as transient hyperthyroidism, limited to
the 1st half of pregnancy, and characterized by elevated fT4 and
suppressed or undetectable serum TSH and normal echogenicity
of thyroid parenchyma on ultrasonography, in the absence of
serum levels of thyroid autoantibodies.

TSH, T3, fT4, TGAb, and TPOAb concentrations were measured
using chemiluminescent microparticle enzyme immunoassay
(CMIA) method (Abbott Architect i2000 (Abbott Diagnostic, USA).
TSHRAD levels were measured using radioimmunoassay (RIA)
method with gamma counter.

Statistical Analysis

Data were analyzed using SPSS Software version 17, for Windows
(SPSS, Inc. Chicago, IL, USA). Results were expressed as mean
+ standard error of means. Differences among the groups not
showing normal distribution were analyzed by the Kruskal-Wallis
test. Dual comparisons among groups with significant values
were evaluated with the Bonferroni adjusted Mann-Whitney U
test. Chi-square test was used to compare categorical variables.
A p value of less than 0.05 was considered statistically significant.

Results

Between November 2011 and November 2012, 592 patients were
diagnosed with thyrotoxicosis by suppressed serum TSH levels
and these patients consisted of 448 (75.7%) women and 144 men
(24.3%) with a mean age of 50.48+17.68 years (range:16-94 years)
(Table 1). 25.5% of patients were older than 65 years. Thyrotoxicosis
was more common in women than in men (3:1 ratio).

Two hundred forty-two of 592 patients (40.9%) were diagnosed
with TWNG. The other main causes of thyrotoxicosis were: GD
(22%), thyroiditis (14.8%), gestational thyrotoxicosis (12.7%), and TA
(9.6%) (Table 1). TA and TMNG were more common in older people
compared to GD, thyroiditis and gestational thyrotoxicosis (p<0.001)
(Table 2). The patients with TMNG were older than patients with TA
(p<0.001), GD (p<0.001) and thyroiditis (p<0.001). The mean age of
patients with GD and thyroiditis were similar (p=0.622). GD was
the most common cause of thyrotoxicosis (49.2%) in second and
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third decades of life and rare after 60 years of age (7%). TMNG was
diagnosed in 74.5% of patients older than 60 years.

The clinical presentation of thyrotoxicosis varied according to the
underlying cause (Table 2). The maijor proportion of patients with
GD had the classical signs of thyrotoxicosis, such as nervousness,
weight loss despite increased appetite, palpitations, fremor and
heat intolerance, while the other patients were oligosymtomatic.
Weight loss was more frequently observed in patients with GD
(p<0.001), while cardiac arrhythmia dominated in patients with
TMNG (p<0.001). Palpitations, heat intolerance, nervousness,
tremor and weight loss (but not cardiac arrhythmia) were
significantly more frequent among patients whose TSH levels
were below 0.1 ulU/mL compared to patients with the levels of
0.1-0.4 ulu/mL (p<0.001). Patients older than 65 years had less
nervousness, heat intolerance and weight loss, but had more
cardiac arrhythmia compared with younger subjects (<50 years)
(p<0.001). Palpable goiter was present in 69% of patients.

The severity of thyrotoxicosis differed according to the underlying
cause (p<0.001). Among all subjects, 49% had subclinical

thyrotoxicosis. Moderate (27%) or severe (23.9%) thyrotoxicosis
was more common in patients with GD than in patients with
other forms of thyrotoxicosis. The other causes of thyrotoxicosis
presented with subclinical or mild thyrotoxicosis in majority of the
patients (Table 3). Serum levels of fT3 and fT4 were significantly
higher in patients with GD than in patients with TMNG (p<0.001,
p<0.001), TA (p<0.001, p<0.001), thyroiditis (p<0.001, p=0.001),
and gestational thyrotoxicosis (p<0.001, p=0.001), respectively.
There were no significant differences between patients with
TA and TMNG in terms of fT3 and fT4 levels (p=0.116, p=0.797,
respectively). Patients with thyroiditis had higher fT3 and T4 levels
compared to patients with TA (p=0.023) and TMNG (p=0.005).
Levels of TSH in patients with GD were significantly lower than in
patients with TMNG (p<0.001), TA (p<0.001), thyroiditis (p<0.001)
and gestational thyroiditis (p<0.001). Nevertheless, there were
no significant differences in TSH levels between patients with TA,
TMNG, thyroiditis, and gestational thyrotoxicosis (p>0.05).

TSHRAb levels were detectable in 58.9% of patients with GD
(Table 3). These ratios were 63% and 65.3% for TPOAb and TGADb,

Table 1. Causes of thyrotoxicosis

Pati twi Pati twi
.. All patients atients between atients between Patients over 6. decade
Type of thyrotoxicosis (n=592) 2. and 3. decades 4. and 5. decades (n=200)
B (n=126) (n=191) a

Graves' disease 22% (130) 49.2% (62) 28.3% (54) 7% (14)
Toxic adenoma 9.6% (57) 6.4% (8) 16.2% (31) 9% (18)
Toxic multinodular goiter 40.9% (242) 7.9% (10) 43.5% (83) 74.5% (149)
Thyroiditis 14.8% (88)

Painless thyroiditis 76.1% (67) 36.5% (46) 12% (23) 9.5% (19)

Subacute thyroiditis 23.9% (21)
Gestational thyrotoxicosis 12.7% (75) - - -
The cases with gestational thyrotoxicosis were not included in the statitical analysis of the proportion of patients according to the decades.

Table 2. Clinical presentation of the patients with thyrotoxicosis

. Toxic Toxic multinodular . Gestational
Graves’ disease R Thyroiditis L
Parameter n=130 adenoma goiter n=88 thyrotoxicosis P
- n=57 n=242 - n=75
Age + SEM 41.08+1.182 54.46+1.72 63.29+0.84 43.10£1.73 31.07+£0.57 <0.0071*
Gender (female %) 77.7% (101) 64.9% (37) 71.5% (173) 71.5% (63) 0.315**a
Weight loss (%) 29.2% (38) 3.5% (2) 3.3% (8) 4.5% (4) 6.6% (5) <0.007**
Nervousness (%) 72.3% (94) 29,8% (17) 34.3% (83) 34.1% (30) 12% (9) <0007**
Heat intolerance (%) 73.8% (96) 33.3% (19) 37.1% (90) 32.9% (29) 16% (12) <0.0071**
Tremor (%) 56.1% (73) 26.3% (15) 23.5% (57) 14.7% (13) 6.6% (5) <0.007**
Palpitation (%) 54.6% (71) 33.3% (19) 35.5% (86) 28.4% (25) 18.6% (14) <0.007**
Cardiac arrhythmia (%) 0.7% (1) 8.7% (5) 19.4% (47) 2.2% (2) 1.3% (1) <0.001**
Values are expressed as means + SEM
*Kruskal Wallis **Chi square test
3: The cases with gestational thyrotoxicosis were not included in the statitical analysis
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respectively. Both TGAb and TPOAb positivity was determined in
46.2% of patients with Graves’ thyrotoxicosis. The percentage of
TGAb-positive subjects was found to be 58.6% in patients with
thyroiditis and 26.4% in patients with TMNG, and that of TPOAb-
positive subjects was 29.8% in thyroiditis and 17.1% in TMNG
group (Table 3). Thyroid autoantibodies were not measurable
in most of the patients with TA and TMNG. Levels of TGAb and
TPOAb were significantly higher in patients with GD than in
patients with TA (p<0.001, p<0.001), TMNG (p<0.001, p<0.001) and
gestational thyrotoxicosis (p<0.001, p<0.001). While serum levels
of TGAb were similar in patients with GD and thyroiditis (p=0.680),
TPOAD levels were higher in patients with GD than in patients with
thyroiditis (p<0.001). As expected, thyroid autoantibody positivity
was higher among patients with GD when compared to those
with the other causes of thyrotoxicosis; and the difference was
significant (p<0.001).

Thyroid nodules were observed on ultrasonography in 402 (67.9%)
of 592 patients with thyrotoxicosis. This ratio was 41.5% in patients
with Graves' thyrotoxicosis and 40.7% of them had a solitary nodule.
Similarly, thyroid nodules were determined in 27 (30.6%) of 88
subijects with thyroiditis and 22 (29.3%) of 75 subjects with gestational
thyrotoxicosis. The number of thyroid nodules were higher in patients
with TMNG in comparison with patients with TA (p<0.001), GD
(p<0.001), thyroiditis (p<0.001), and gestational thyroiditis (p<0.001),
as expected. The mean nodule size was larger in patients with TMNG
in compared to patients with GD (p<0.001), thyroiditis (p<0.001) and
gestational thyroiditis (p<0.001). Patients with TA also had higher size
of nodules than those with GD (p<0.001), thyroiditis (p<0.001) and
gestational thyrotoxicosis (p<0.001) (Table 3).

Discussion

Our results indicate that TMNG is the most common cause of
thyrotoxicosis in our population and the clinical presentation of
patients vary according to the underlying cause.

Thyrotoxicosis is a condition having multiple etiologies
and manifestations. In the United States, the prevalence of
hyperthyroidism is approximately 1.2% and GD is overall the most
frequent clinical form of thyrotoxicosis (5,6). In New Zealand, GD
is the main cause of thyrotoxicosis (64%) and this ratio is 27% for
TMNG (1). Reinwein et al. observed similar ratios for GD (59.6%)
and toxic nodular goiter (9.2%) in six countries of Europe (2). GD
is the most frequent cause also in Canada (70%) (3). Recently,
a study from Pakistan showed that the most common form of
thyrotoxicosis was GD (53%) followed by TMNG (20.1%) (10).

Our data show a greater percentage of TMNG than the data
of these authors. Lundgren et al. found similar ratios with our
findings in Sweden where goiter has been considered endemic
(17). The prevalence of toxic nodular goiter increases in the
presence of iodine deficiency (7). Turkey is a region of endemic
goiter and iodine deficiency is the primary etiological factor. For
this reason, mandatory iodization of household salt was started
in 1999 (12). Rize city is known to be an iodine-deficient area
with 14 mg/L urinary iodine concentrations (12,13). Therefore,
TMNG is more common than GD in our population. As iodized
salt has began to be used 14 years ago, GD is the leading cause
among young, whereas TMNG in the elderly. Since the problem
of iodine deficiency had been solved in Turkey for more than a
decade now, the incidence of toxic nodular goiter may fall in

Table 3. Biochemical and ultrasonographic features of the patients

" . Toxic multinodular i Gestational
Graves’ disease | Toxic adenoma R Thyroiditis .
Parameter n=130 n=57 goiter n=88 thyrotoxicosis p
- - n=242 - n=75
Severity of thyrotoxicosi
:Jsgixl(c’ql (3;30 OXICOSIS 26.1% (34) 54.4% (31) 58.7% (142) 50% (44) 50.7% (38)
R 0 23% (30) 38.8% (22) 34.7% (84) 40.9% (36) 48% (36) 0,001+
Mo der"me - 27% (35) 51%(3) 5.8% (14) 9.1% (8) 1.3% (1) '
° 23.9% (31) 1.7% (1) 0.8% (2) 0% 0%
Severe (%)
FT3 (N:1.71-3.71 pg/mL) 8.60+0.70 415+0.26 3.82+0.1 3.91+0.14 3.86+0.10 <0.001*
FT4 (N:0.7-1.48 ng/dL) 2.58+0.54 1.38+0.05 1.40+0.02 1.56+0.02 1.51+0.05 <0.001*
TSH (N:0.35-4.94 ulU/mL) 0.04+0.007 0.10+0.01 0.10+0.006 0.09+0.01 0.08+0.01 <0.001*
TGADb (N:0-4.11 ulU/mL) 190.31+27.11 14.7£10.64 44.57+10.42 144.59+28.43 22.12+6.84 <0.0071*
Presence of TGAD (%) 65.3% (85) 14.8% (8) 26.4% (59) 58.6% (51) 30.5% (22) <0.001**
TPOAD (N:0-5.61 ulU/mL) 264.09+44.16 14.01+6.82 22.97+7.08 105.45+27.15 6.70+3.23 <0.001*
Presence of TPOAD (%) 63% (82) 11.1% (6) 17.1% (38) 29.8% (26) 12.5% (9) <0.007**
Number of nodules 1.83+0.13 1.07+0.03 3.49+0.09 2.19+0.28 1.91+0.35 <0.0071*
Nodule size (mm) 13.05+0.90 30.37+2.20 27.45+0.72 14.84+ 2.0 11.73+1.19 <0.0071*
Values are expressed as means + SEM
*Kruskal Wallis  **Chi square test
TGADb: anti-thyroglobulin autoantibody, TPOAb: anti-thyroid peroxidase autoantibody
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future (14). Baltisberger et al. observed an impressive reduction in
the prevalence of TMNG 15 years after the doubling of the iodine
content of salt in Switzerland (15).

The prevalence of toxic nodular goiter increases with age (7). Our
data confirm previous findings of an increased prevalence of toxic
nodular hyperthyroidism in older patients (2,16). In our study, toxic
nodular goiter was more common in older people compared to
the other clinical forms of this disorder. 79.4% of patients over 65
years old were diagnosed with TMNG.

The assessment of signs and symptoms of thyrotoxicosis is
essential for formulating an appropriate treatment plan. The
importance of age as a determinant of the prevalence and
severity of hyperthyroid symptoms has been recently confirmed
(17). Boelaert et al. examined 3049 patients with hyperthyroidism
and demonstrated that more than 50% of patients aged 61 years
or older presented with very few symptoms of hyperthyroidism,
whereas this proportion was significantly lower (around 30%)
in younger patients (17). In another study of 84 patients with
overt thyrotoxicosis, atrial fibrillation and anorexia dominated
in patients aged >70 years, while nervousness, weight loss,
palpitations, tremor and heat infolerance were more frequently
observed in younger patients (<50 years) (18). The results of our
study are comparable with the data of these authors.
Importantly, our findings indicate the association between clinical
manifestation and disease etiology that was not considered in
studies of Boelaert and Trivalle et al. (17,18). Probably, advancing
age in TMNG and higher elevation of serum T3 and fFT4 levels
in GD create the difference in clinical presentation. Most of the
patients with GD had the classical signs of thyrotoxicosis, while
the other patients were oligosymtomatic. Weight loss was more
frequently observed in patients with GD, while cardiac arrhythmia
dominated in patients with TMNG.

Subclinical hyperthyroid disease is more commonly observed in
women than in men, in blacks than in whites, in the elderly and in
patients with low iodine intake (7,19). The incidental finding of low
TSH levels on routine investigation for other indications is the first
evidence for toxic nodular disease, particularly in regions of iodine
deficiency (20). In our study, subclinical thyrotoxicosis was present
in 49% of patients and, 44.5% of them were diagnosed with TMNG.
More than half of the patients with TMNG, TA, thyroiditis and
gestational thyroiditis presented with subclinical thyrotoxicosis.
GD was the most frequent cause of severe thyrotoxicosis in the
current study. 80-100% of untreated patients with thyrofoxicosis
caused by GD have detectable TSHR antibodies (21). In our study,
this ratio was 58.9%. This may be associated with the sensitivity of
the assay. TGAb and TPOAb were present in majority of patients
with GD in this study.

Painless thyroiditis is the etiology of hyperthyroidism in about 10%
of patients (3). In our study, the frequency of painless thyroiditis
was 11.3%. In 6 patients, thyrotoxicosis occured in the postpartum
period. In 3 subjects, painless thyroiditis was associated with
amiodarone therapy and it was induced by interferon-o. therapy
in one patient. Thyroid dysfunction caused by thyroiditis was less
severe than that seen with GD.

In conclusion, TMNG is the most common cause of thyrotoxicosis
in Rize, which is an iodine-deficient area and the clinical

presentation and severity of thyrotoxicosis vary according to the
underlying cause.
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