Original papers

Med Ultrason 2014, Vol. 16, no. 2, 100-106
DOL:

Spectrum and prevalence of nodular thyroid diseases detected by
ultrasonography in the Western Black Sea region of Turkey

Yusuf Aydin', Fahri Halit Besir?, Melih Engin Erkan’, Omer Yazgan?, Adem Gungor!,

Elif Onder’, Hulya Coskun', Leyla Aydin*
for the MELEN investigators

Internal Medicine Department, 2Radiology Department, *Nuclear Medicine, *Chest Disease Department, Duzce Uni-

versity, Medical Faculty, Duzce, Turkey

Abstract

Objective: The aim of the study was to investigate thyroid diseases and the prevalence of goiter by ultrasonography (US)
in a moderately iodine deficient area. Material-Methods: The MELEN Study is a prospective cohort study on the prevalence
of thyroid diseases in Turkish adults. A total of 2233 subjects with a mean age of 50 (age range 18 to 92) were submitted to
study. Thyroid US was performed and interpreted by the same experienced physician. Goiter prevalence was defined according
to Gutekunst’s criteria. Results: The most common thyroid disease was multinodular goiter (MNG) (42%), followed by nodu-
lar goiter (NG) (14.6%). The crude prevalence of nodular disease in the region was 56.6%. In the study cohort, thyrotoxicosis
(TSH <0.35 puIU/ml) prevalence was 12 % and subclinical and overt hypothyroidism (TSH > 4.5 plU/ml) prevalence was 6.5
%. Conclusion: We found that thyrotoxicosis and nodular thyroidal diseases are more important public health issues in moder-
ate iodine deficient geographical areas. We recommend the increased rates of US screening especially in the endemic regions

in order to detect thyroidal nodules earlier.
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Introduction

Endemic goiter is an important and continuing health
problem all over the world. It has been described as an
enlargement of the thyroid tissue due to several causes.
Endemic goiter describes thyroid hyperplasia, which ex-
ists in more than 5% of the people living in a particular
region. Endemic goiter is a result of iodine deficiency or
a goitrogenic substance [1,2].
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The leading and the most common cause of endem-
ic goiter is iodine deficiency. The Black sea region is a
mountainous region that has long been known to suffer
from moderate iodine deficiency and it is also a center of
endemic goiter in Turkey [2-4].

Thyroid ultrasonography (US) has been used for ear-
ly detection and qualitative evaluation of thyroid nodules
in recent studies [3]. In Turkey, results of US thyroid vol-
ume examination have demonstrated that thyroid volume
was higher in school age children in Ankara and in the
Black Sea region than in European children [4]. How-
ever, a population based ultrasonographic prevalence
examination in this region has not been conducted yet.
Therefore, the aim of the present study was to investigate
the epidemiology of goiter and ultrasonographic thyroid
disorders using US in the western region of the Black Sea
in Turkey.
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Material and methods

Study population

The MELEN Study is a prospectively designed sur-
vey on the prevalence of cardio metabolic risk factors
and thyroid diseases in Turkish adults [5]. The name of
the study comes from the geographic valley and rivers
in north-east of Duzce, Turkey which has a population
of 21,000 people. There is a town centre (Yigilca) and
37 villages. Health service of the region was supplied by
six family physicians, each following up almost 2,500
adults. The study was conducted in May and June 2010
in the Social Health center located in the town center.
Four hundred subjects from each family physician repre-
sentatively stratified for sex, age and for rural-urban dis-
tribution were randomly assigned and invited by phone
to participate in the study. A total of 2298 subjects with
a mean age of 50 years (age range 18 to 92) were inter-
viewed. There were 17 subjects (12 female and 5 male)
that were under thyroid hormone regulation drugs and
were excluded from study. Also, 48 participants who had
refused to undergo thyroid US were excluded. Thyroid
autoantibodies were not evaluated due to the high cost.
The study protocol was approved by the Ethics Com-
mittee of Duzce University and every subject signed a
consent form. Personal data were obtained by a question-
naire with face to face conversation. Also a history of
nutritional habits (iodine intake, vegetable consumption),
smoking habits and amount of alcohol consumption were
all noted.

Thyroid US measurements and definitions

Thyroid US was performed and interpreted by the
same experienced physician, using the same equipment
with a 5-12-MHz linear-array transducer (M Turbo,
SonoSite Inc, Bothell, WA, USA). The subjects were
examined in the supine position with hyper extended
neck. Images were obtained in the transverse and lon-
gitudinal planes. The length, width, and depth of each
lobe were measured, and the volume was calculated
by the mean of the elliptical shape volume formula
(m/6xlengthxwidthxdepth). Size of the thyroid lobes
and characteristics of thyroid parenchyma and nodules
dimensions and volumes were determined. In order to
establish the total volume of the thyroid, estimated vol-
umes of the right and left lobes were added [6]. Volume
of the isthmus was not included in this calculation. Goiter
prevalence was defined according to Gutekunst’s criteria.
Gutekunst reference values for adults (>18 ¢m?® in wom-
en and >25 cm?® in men) were used [7,8]. US findings
were classified as follows: Group 1- normal thyroid US
(normal parenchyma, and volume); Group 2-hyperplasic
thyroid gland (increased thyroid volume but in normal

thyroid parenchyma appearance); Group 3- thyroiditis-
like (non-homogeneous thyroid parenchyma, grade 2-3
heterogeneity, without nodules); Group 4- nodular goiter
(NG) (increased thyroid volume with only one nodule);
Group 5- multinodular goiter (MNG) (increased thyroid
volume with 2 or more that 2 nodules); Group 6- recur-
rent nodular goiter; Group 7- totally thyroidectomised
(no thyroid gland after surgery); Group 8- others: hy-
poplasic (4 participants), atrophic thyroid gland (2 sub-
jects), hemiagenis of thyroid gland (2 subjects), subto-
tal thyroid operation (3 participants). Nodules diameter
>5 mm was accepted as real nodular appearance. Fine
needle biopsy is not recommended clinically for nodules
smaller than 5 mm. So, the nodules smaller than 5 mm
were not evaluated with US and nodules diameter >5 mm
was accepted as real nodular appearance [9].

Biochemical and complete blood count analysis

Ten mL of blood were drawn from the antecubital vein
of each subject by applying minimal tourniquet force. The
first 2 mL of blood, which was used for the full blood
count, was drawn into a vacutainer tube containing 0.04
mL of the 7.5% K3 salt of ethylene diamine tetraacetic
acid (EDTA). The 8 mL of blood was drawn into a va-
cutainer tube without anticoagulant. These blood samples
were allowed to clot for 20 minutes prior to centrifuga-
tion. The blood tubes were centrifuged for 10 min at 1500
x g and were processed within 30 minutes in place. Sera
were aliquoted. Sera were shipped within a few hours on
cooled gel packs at 2-5°C to the Duzce University central
laboratory. Aliquots of the serum were kept in Eppendorf
tubes frozen at —80 °C until the final analyses.

Complete blood counts were made by CELL-DYN
3700 SL analyzer (Abbott Diagnostics, Chicago, USA).
After an overnight fast, blood samples were collected from
all the study subjects for the serum free thyroxin (fT4),
thyroid stimulating hormone (TSH). Serum TSH and T4
levels were evaluated using an Abbott Architect 2000 de-
vice with Chemiluminescence Microparticle Immunoas-
say (CMIA) method. Normal ranges in our laboratory are
as follows: TSH 0.35—4.50 plU/ml, fT4 0.70-1.48 pg/ml.
TSH over 4.50 plU/ml with decreased fT4 was accepted
as overt hypothyroidism, TSH over 4.50 plU/ml with nor-
mal fT4 accepted as subclinical hypothyroidism, and TSH
below 0.35 plU/ml with increased fT4 accepted as overt
(clinical) hyperthyroidism, TSH below 0.35 pIU/ml with
normal fT4 accepted as subclinical hyperthyroidism.

Statistical Analyses

The Statistical Package for Social Sciences software
(SPSS 15, Chicago, IL, USA) was used for analysis.
Descriptive parameters were shown as mean + standard
deviation or in percentages. Independent samples t-tests
and Pearson’s chi-square tests were used to analyze the
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Table I. Demographic characteristics and thyroid related fea-
tures of the study population (2233 subjects)

Patients P value
Age (years) 50+15
Female/Male 1430/803
Body Mass index (BMI) 29+7
Regular Alcohol user 112 (5%)
Active smoker 386 (17%)
Diabetes Mellitus History 279 (12.5%)
Salt Intake
Without lodine 65 (2.9%)
With Iodine 2118 (97.1%)
Mean Thyroid Volume (cm?)
Female 18.3£16.3
Male 19.5+14.5 0.095
Goiter prevalence (N:2175) 665 (31%)
Female (Volume>18cm®) 482 (35%) <0.001
Male (Volume> 25 cm?®) 183 (23%) ’
TSH (mean) plU/ml 1.94+4.56
TSH (median) plU/ml 0.95 (min:0.01 max:72.4)
Female 2.145.1
Male 1.7+£5.7 0.029
Free T4 pg/ml. 1.13+0.19
Female 1.12+0.29
Male 1.15£0.18 0.001
TSH (N:2112) plU/ml
<0.35 275 (12.9%)
0.35-4.50 1687 (80%)
>4.50 150 (7.1%)

Results are shown as mean + standard deviation or in percentages
(%)

differences in means and proportions between groups. A
p value of < 0.05 was considered significant.

Results

A total of 2298 subjects with a mean age of 50 (age
range 18 to 92) constituted the main study cohort. Out of
this, 2233 subjects (1430 women, 803 men, with a mean
age of 50 £15 years) constituted the final cohort. It was con-
stituted that this represented 10 % of the population in the
examined area. Demographic characteristics and thyroid
related features of the study cohort are shown in table L.

After the exclusion of 58 participants who had under-
gone a total thyroidectomy procedure, 2175 subjects were
analyzed for goiter prevalence according to Gutekunst’s
criteria. The prevalence of goiter showed a significant
female predominance (35% in women and 23% in men,
p<0.001). The lowest frequency of goiter was observed
in the 18 to 30-year age group and the highest frequency
was observed in those between 40-70 years. However,
the mean thyroid volume was similar among female and
male subjects. The rate of iodized salt use was 97%. Ac-
cording to TSH values, thyrotoxicosis (TSH<0.35 plU/
ml) rate was 12.9 % and subclinical and overt hypothy-
roidism (TSH>4.5 plU/ml) rate was 7.1 %. A relatively
higher prevalence of thyrotoxicosis was detected possi-
bly due to the higher frequency of MNG and NG

According to thyroid US examination the most com-
mon thyroid disease was MNG (42%), followed by NG
(14.6%). Taking into account that 196 subjects had been
operated possibly due to nodular/multinodular goiter, the
crude prevalence of nodular thyroid disease in the region
reached 65%. The prevalence of normal thyroid gland was
only 27.4%. The operation rate in the cohort was 8.7%.

Table II. Prevalence and characteristics of thyroid ultrasonographic pathologies

Group 1 Group2 Group3 Group4 GroupS5 Group6 Group7  Group8 Total
/%) 614 82 60 327 943 138 58 1 2233
o (27.4) 3.7) 2.6) (146) (422 (62) 2.6) 0.04)  (100)
Female 357(249) 39(27.3)  50(3.5) 205(143) 602(42.1) 11882) 52(3.6)  9(0.06) 1430
Male 257(32)  49(122) 10(12) 122(152) 341 (425 2227  6(0.7)  2(0.02) 803
Age 41£15 47413 49+15 50414 55413 5312 55410 47+16 -
5153;3'35 34(125)  9(33)  4(12)  36(135) 167(625) 5(1.5)  9(33)  1(0.01) 267
TSH:0.35-
isplUimn  SHGD GS@D  40Q24) 24515 EBELD  TSES)  20(13) 5002 1639
5153;35 16(11)  12(83) 14(97) 29(20) 46(30.5) 26(18)  2(1.5)  5(0.02) 145

Results are shown as mean + standard deviation or in percentages (%)
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Table III. Mean thyroid gland volumes (cm3) according to the US diagnosis and gender difference

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 8
n:614 n:82 n:60 n:327 n:943 n:138 n:11

Mean Volume 11.9+£7.09 21.8+11.9 11.0+£8.4 18.6+12.9 25.1+18.7 7.3+8.2 9.7+7.3
Female 11.1+6.8 20.6+8.9 10.9+8.4 18.7+14.0 25.2+19.4 7.2+8.3 9.2+6.4
Male 13.3+7.3 23.1+14.1 12.0+8.7 18.6+10.9 24.9+17.5 8.2+7.4 10.7+7.4
Results are shown as mean =+ standard deviation

Table IV. Demographic parameter of patients with (+) and without (-) goiter

GOITER (+) GOITER (-) P

Normal USG 63 (9.5) 551 (36.5) <0.001

Hiperplasia 38(5.7) 44 (2.9) <0.001

Thyroiditis-like 7(1) 53 (3.5) <0.001

Nodular Goiter 101 (15.2) 226 (15) NS

M. Nodular Gorter 445 (66.9) 495(32.8) <0.001

Recurrent N. Goiter 10 (1.5) 128 (8.5) <0.001

Other 9(1.4) 2(0.01) <0.001

Total 665 1510 -

Age 55+14 47+15 <0.001

Active smoker 84 (12.6) 296 (20) <0.0001

Alcohol 21 (3) 90 (6) 0.006

Iodine salt (+) 639 (97) 1446 (97) 0.788

Vegetable consumtion (+) 473 (72) 1136 (76) 0.036

Mean thyroid volume (cm3) 35.73£17.93 11.24+5.22 <0.001

TSH (uIU/ml) 0.802+0.980 2.03+3.58 <0.001

Free T4 (pg/ml) 1.17+0.21 1.11+0.18 <0.001

Birth number 5.2442.82 3.964+2.80 <0.001

Abortus number 1.0+1.34 0.77£1.12 0.001

Results are shown as mean + standard deviation or in percentages (%)

Table V. Overt and subclinical hypothyroidism and thyrotoxicosis

Female Male p
Subclinical hypothyroidism 63 (4.4) 23 (3) NS
Overt hypothyroidism 19 (1.4) 14 (1.7) NS
Subclinical hyperthyroidism 160 (11.4) 87 (11) NS
Over hyperthyroidism 7(0.5) 5(0.6) NS

Results are shown in percentages (%). NS -Non-Significant

However, two thirds of them had recurrent nodular thyroid
disease making up 6.2% of the whole population. The pa-
tients who had undergone total thyroidectomy procedure
did not show any recurrence. Gender and functional vari-
ables of the patients according to thyroid US examination

are shown in table II. Mean thyroid gland volumes accord-
ing to the diagnosis and gender difference were shown in
table III. The comparison of patients with and without
goiter is shown in table IV. Overt and subclinical hypo-
thyroidism and hyperthyroidism are shown in table V.
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Elevated serum TSH was found in 145 (6.5%) sub-
jects. In these participants, the prevalence of subclinical
and overt hypothyroidism was similar both in women
and men (p>0.05). Subclinical hypothyroidism was seen
more than overt hypothyroidism.

Suppressed TSH levels (<0.35 plU/ml) were
found in 12% (267) of the subjects. Also, people with
TSH<O0.1pulU/ml represented 2.8% of the subjects. The
prevalence of subclinical and overt thyrotoxicosis was
similar in women and men (p>0.05). Overt thyrotoxico-
sis was detected only in 12 (0.57%) subjects. Thyrotoxi-
cosis were detected more frequently in participants with
MNG+NG+recurrent NG than participants with normal
thyroid+hyperplastic thyroid gland+thyroiditis-like find-
ings on US examination (14.8% & 6.2%) (p<0.001). The
overall prevalence of TSH alterations, either elevated or
suppressed, was 18.2%.

Discussion

To our knowledge, this is the largest epidemiological
survey screening goiter prevalence by using US in adults
for the first time after 12 years of a mandatory salt iodini-
zation program in Turkey.

The overall goiter prevalence by US was 31%. Most
prominent thyroid abnormalities determined by US was
MNG and NG. The crude prevalence of nodular thyroid
disease (MNG or NG) in the region reached up to 56.6%.
Also the overall prevalence of TSH alterations, either el-
evated or suppressed, was 18.2%. Prevalence of goiter
which determined by US was 35% in females and 23% in
males. Thyroid volume, degree of goiter, and frequency
and total number of nodules were all found according to
increased age. The prevalence of goiter is as high as the
other adult populations in other iodine-deficient areas,
being more prevalent in females [10,11]. Colak et al re-
ported that goiter was found by palpation in 54% of the
males and 33% of the females (averagely 45.4% for both
sexes) [12]. Among the subjects, 24.6% of females and
21.6% of males (22.9% of all subjects) were found to
have goiter by US according to the criteria established by
Gutekunts et al [7,8]. Cetin et al reported that total goiter
prevalence was 30.4% with palpation and 26% with US
[13]. In the Colak et al study, the goiter prevalence by US
was 14.2% for the urban and 36.2% for the rural areas
[12]. In the present study, goiter prevalence was higher
compared to the aforementioned studies. In our study, US
examination was used to detect the thyroid diseases being
a more precise method to determine thyroid volume and
the method has been recommended as the standard crite-
rion in epidemiological surveys [14,15]. In our findings,
goiter and nodular thyroid disease were not decreased at

this time period. In fact, the incidence and prevalence
of thyroid nodules has been increased in recent decades.

In our study, we detected that thyroid volumes of men
were higher than females with normal US findings (13.3
ml vs. 11.1 ml). But there was no volume difference be-
tween genders in overall US results (male: 19.5 ml, fe-
male: 18.3 ml). There are controversial results regarding
the relation between gender and thyroid volume. Bayram
et al reported that thyroid volumes in females detected
with US were higher than males in students and in adults
[16]. Similarly, Hintze et al reported that median thyroid
volumes were 19.2 ml in women and 16.6 ml in men
[17]. In our US result, thyroid volumes were increased in
both sexes, but there were no gender differences.

The recent technological development of US has fa-
cilitated the early detection and qualitative evaluation of
thyroid gland. The use of US is also beneficial to dif-
ferentiate thyroid nodules and non-nodular thyroidal dis-
eases (chronic thyroiditis, Graves and diffuse goiter) [3].
Recent epidemiologic studies showed that prevalence of
asymptomatic thyroid nodules in the healthy population
are not infrequent. Most of the subjects were not aware
of their illnesses. Guth et al reported that there is a huge
prevalence of thyroid nodules (68%) detected by US
evaluation [18]. In our US examination NG, MNG and
recurrent NG prevalence were 14.6%, 42.2% and 6.2%,
respectively. In addition with operated cases (probably
operated due to nodular goiter), prevalence of nodular
thyroidal diseases increased to 65%. These results were
obtained after 12 years of routine iodine supplementa-
tion. Goldyreva et al reported that nodules were found in
one out of five subjects. They also emphasized that nodu-
lar thyroidal diseases were significantly more frequent in
women than in men as in our study [19]. In another recent
study, Zhank et al reported that prevalence of thyroid US
abnormalities ranged from 30.5% to 42.3% in the study
population [20]. We found a substantially higher preva-
lence of thyroid nodules than expected considering the
data of the previous studies. This is due to the examina-
tion made by US, allowing the detection of small thyroid
nodules.

Prevalence of suppressed TSH values was similar-
ly higher than the elevated TSH in both males and fe-
males. Erdogan et al reported that geriatric populations
have 1.55% overt hypothyroidism, 2.65% subclinical
hypothyroidism, 3.75 % overt thyrotoxicosis and 6.18%
subclinical thyrotoxicosis [21]. In another large study
-the Pescopagano survey from Italy- the prevalence of
hyperthyroidism and overt hypothyroidism were 0.2%
and 3.8%, respectively. And the prevalence of present or
past hyperthyroidism was 2.9% [22]. We detected an ex-
tremely high prevalence of thyrotoxicosis (12.4%). But,
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overt thyrotoxicosis clinics were very rare (0.57%). In
contrast to the mentioned Italian study, thyrotoxicosis
was abundantly high in our study population. The preva-
lence of subclinical and overt hypothyroidism was 5.7%.
We did not include patients on L-thyroxine, methimazole
and propythiouracyl supplementation during our study.
Similarly, Ozbakir et al found that 12.6% subjects had
either elevated (6.5%) or suppressed (6.1%) TSH levels.
They also reported that overt hypothyroidism and clini-
cal thyrotoxicosis were very low as in our survey [23]. In
our study, the overall thyrotoxicosis was twice as high as
the patients suffering from overt or subclinical hypothy-
roidism. Prevalence of thyrotoxicosis (TSH<0.35) was
62.5% in MNG and 13.5% in NG subjects. Also iodinat-
ed salt consumption was 97% in this area. So we thought
that those two parameters affect the high prevalence in
our study. This region has a high prevalence of thyroid
nodularity and after iodine intake, those nodules became
active nodules resulting in thyroxicosis.

Although the mean thyroid volume of active smokers
was lower than past and non smokers, no effects of smok-
ing habits on thyroid nodularity and goiter was detected
[24].

There are some limitations to our study. Urinary io-
dine output and anti-thyroid antibodies values were not
measured due to their high cost for a large population in-
vestigation. But Simsek et al reported that median urinary
iodine excretion in newborns (85ug/L) was significantly
higher than their mothers (40 pg/L) in this region [24].
Furthermore iodinated salt consumption does not nec-
essarily mean adequate iodine ingestion. But we could
not analyze salt samples iodine content. Also we did not
evaluate the thyroidal cancer prevalence in that popula-
tion screening program due to the cost. So we did not give
any information regarding malignancy prevalence of that
region. Because our study was designated for adults, it did
not give any information about the school age population.

In the present survey in our specific region of Tur-
key (Western Black Sea), we detected a high prevalence
of goiter, thyroid nodularity, and functional autonomy
increasing with age. We concluded that thyrotoxicosis
and nodular thyroidal diseases are more important public
health issues in moderate iodine deficient geographical
areas. We recommend the increased rates of US screen-
ing especially in the endemic regions to detect the thyroi-
dal nodules earlier.
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