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the role of the laBoratory service in the tiMely 
assessMent of risK factors in Patients  
With thyroid nodules as a tool  
to Prevent PostoPerative coMPlications
Olga I. Zalyubovska1, Nadiia O. Hladkykh1, Mykyta Yu. Polion2

aim: To study of thyroid hormones with one-time determination of risk factors in the laboratory. 
Material and methods: The examination included the following researches: questionnaire, ultrasound examination with 
fine-needle aspiration (FNA), cytological examination, determination of the concentration of thyroid hormones and deter-
mining the body mass index.
results and conclusions: the size and area of the tumor according to ultrasound (H = 2.30, p> 0.05 and H = 1.92, p> 
0.05, respectively). At the same time, patients of the 1st group were younger in age than (when) compared with patients of 
other groups. For benign thyroid tumors (group I) are characterized by the following data: the level of free thyroxine (FT4) in 
the serum of 66.7% of patients did not exceed normal and averaged 14.0 (8.0-16.29) pmol/l. Group with suspected tumor 
malignancy include: very low concentration of FT4 in serum (1.94 (1.44-7.00) pmol/l); high level of FT3 production in 40.0% 
of cases with a shift of the mean values to the upper limit of the reference interval. Thyroid status of patients with malignant 
thyroid tumors (group III) is characterized by elevated levels of TSH compared with benign tumors (p <0.05) and suspected 
malignancy of the tumor (p <0.1). A significant decrease in the production of FT4 in the serum (7.4 times compared with 
the benign course; p <0.001) against the background of average regulatory levels of FT3.

introduction
in the last few decades, the incidence of thyroid 

cancer has increased sharply, and now it is the most 
common cancer in women, especially young people 
[1-3]. However, the incidence of thyroid cancer is 
also increasing in men [4].

the relationship between patient factors and 
postoperative complications is complex and influ-
enced by intrinsic disease factors, patient comor-
bidities, and operative management. Select studies 
have revealed an increased risk of complications 
in outpatient total thyroidectomy associated with 
male sex, thyrotoxicosis, presence of malignancy, 
extent of resection, and revision surgery [5].

treatment of patients with thyroid tumors caus-
es clinical problems and social stress [6]. in par-
ticular, for many years the main problem remains 
the search for a powerful tool that can distinguish 
between benign and malignant follicular lesions, 
and minimize the diagnostic search [7].

in general, studies to prevent postoperative 
complications of the thyroid gland are based on the 
experience of endocrine surgeons. However, an im-

portant component is to identify risk factors during 
a fine-needle aspiration biopsy visit. The diagnos-
tic link remains limited. For many years, it consists 
only of cytological examination and quality control 
with the help of pathomorphological inference. the 
terms of the latter can have wide variations.

as the incidence of thyroid cancer increases and 
surgical resection is the mainstay of treatment for 
patients with thyroid cancer, the number of thyroid 
surgeries is also increasing [8, 9].

it is especially important to determine the body 
mass index at the preoperative stage, because it is 
associated with many pathological features of thy-
roid cancer, such as larger tumors, extrathyroid in-
vasion, advanced stage of tnm, lymph node me-
tastasis (Ln) and tumor multiplicity [10, 11].

despite the achievement of surgical methods 
aimed at minimizing adverse effects for patients, 
thyroid surgery still has risks [12, 13]. Postop-
erative complications are not uncommon, so it is 
important to initiate a combined diagnosis using 
analysis of risk factors and a basic study of thyroid 
hormones.
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abstract Key words

1

2

KHARKIV NATIONAL MEDICAL UNIVERSITY, KHARKIV, UKRAINE
DNIPRO STATE MEDICAL UNIVERSITY, DNIPRO, UKRAINE



Olga I. Zalyubovska et al.

122

the aiM
the aim of the research is to study of thyroid hor-

mones with one-time determination of risk factors in 
the laboratory.

Material and Methods
all research was performed in accordance with 

relevant guidelines and regulations. the prospective 
study included 60 patients aged 21 to 83 years (mean 
age 54.6 ± 1.9 years), who according to ultrasound 
of the thyroid gland were classified as TR-4 category 
of nodular thyroid tumor on the tiradS scale ( 4-6 
points, suspected malignant thyroid changes). the re-
search program, information for the patient and the 
form of informed consent to participate in the study 
were considered and approved at a meeting of the 
commission on ethics of the clinical department of 
Kharkiv national medical University. the patient 
confirmed his voluntary decision to participate in the 
study with a signature in the form of informed consent. 
the examination included the following researches: 
questionnaire, ultrasound examination with fine-nee-
dle aspiration puncture biopsy (Fna), cytological ex-
amination, determination of the concentration of thy-
roid hormones and determining the body mass index. 
the research of thyroid status was accomplished on 
the levels of tSH, free thyroxine (Ft4), triiodothyro-
nine free (Ft3) and antibodies to thyroperoxidase by 
immunochemical method with electrochemilumines-
cent detection on a cobas e 411 automatic analyzer 
from roche diagnostics, Germany. Ultrasound of 
the thyroid gland was accomplished using a toshiba 
SSA-580A using the TIRADS classification system. 
a 23G needle (0.6x25 mm) was used for Fna. the 
puncture material on the slide was air dried and fixed 
with methanol for 5 minutes, staining for 30 minutes 
by the method of romanovsky. the results of the cy-
tological examination were evaluated by the Bethesda 
System (BSrtc) using a standard cytological proto-
col. weight was measured in light clothing and ab-
sence of shoes with an accuracy of 0.1 kg, and height 
was measured with an accuracy of 0.1 cm using a 
digital scale. Body mass index (Bmi) was calculated 
by dividing body weight (in kilograms) by the square 
of height (in square meters), and the equivalent of ex-
cess weight was 25.0-29.9 kg/m2 according to specific 
criteria of Ukraine.

depending on the cytological conclusion, pa-
tients with thyroid pathology were divided into three 
groups: group І consisted of 18 patients with benign 
thyroid tumors (Benign); group ІІ included 20 patients 
suspected thyroid cancer (Suspicious for malignancy 
(SFM); group ІІІ was formed by 22 patients with ma-

lignant thyroid cancer (malignant). exclusion criteria: 
age less than 18 years; pregnant women; reluctance of 
the patient to participate in the study; refusal of the 
patient to re-take material and patients with a history 
of surgery (reoperation, final thyroidectomy) for re-
currence of the disease or non-radical primary opera-
tions in non-specialized medical institutions, known 
cardiovascular disease and the use of any medication 
that alters body weight and composition (e.g., corti-
costeroids, insulin, sulfonylureas).

Statistical processing of the research results was 
performed using generally accepted in biomedical re-
search methods of statistical analysis using software 
products medcalc v.14.8.1. (medcalc Software) and 
microsoft excel 2016 (microsoft). Parametric or 
non-parametric methods of analysis were used taking 
into account the law of distribution of quantitative 
data (Shapiro-wilk test). to describe and compare 
data sets with normal distribution, we used the arith-
metic mean and its standard error (m ± m), one-way 
analysis of variance anoVa (F) with a posteriori 
comparison of groups with each other according to 
the tukey criterion (HSd); with abnormal data distri-
bution – median (me), interquartile range (25-75%), 
nonparametric analysis of Kruskal-wallis anoVa 
(H) followed by pairwise comparison of multiple 
comparisons (mS) groups. comparison of nominal 
data was performed using the Pearson chi-square test 
(χ2). the relationship between the various factors was 
determined by analysis of variance and Spearman’s 
rank correlation coefficients (r). The level of signifi-
cance p <0.05 was considered statistically significant 
for all statistical analysis procedures, the trend was 
determined at p <0.1.

results 
a comparative analysis of the studied indicators 

(table 1) showed that the selected groups probably 
did not differ in the gender of patients (χ2 = 2.21, p> 
0.05), body mass index (F = 0.25, p> 0.05). all sub-
jects included in the study had a mean body mass in-
dex (Bmi) of 28.0 ± 0.6 kg/m², of which more than 
half (60.0%) were overweight or grade i-ii obesity. 
the size and area of the tumor according to ultrasound 
(H = 2.30, p> 0.05 and H = 1.92, p> 0.05, respective-
ly). at the same time, patients of the 1st group were 
younger in age than (when) compared with patients of 
other groups (p <0.05 according to the HSd criterion).

assessment of thyroid status of patients with thy-
roid tumors showed a probable correlation between 
the degree of malignancy in the thyroid gland and 
tSH levels (according to the analysis of Kraskel- 
wallis H = 7.30, p <0.05), Ft4 (H = 17.64, p <0.001) 
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Table 1. General characteristics of patients and thyroid tumors.

indicator research groups general difference 
between the groups

group 1
(n=18)

group 2
(n=20)

group 3
(n=22)

Gender, %
- female/male

88,9/ 11,1 100/ 0 90,9/ 9,1 χ2=2,21, p=0,331

Age, years, M±m 46,6±3,7 58,7±3,1* 57,4±2,4* F=4,51, р=0,015

BMI, kg/m2, M±m 28,7±1,3 27,5±1,4 27,8±0,8 F=0,25, р=0,777

Maximum diameter of formation, mm,
Me (25-75%)

15,0
(13,0-17,0)

11,0
(10,0-20,0)

12,0
(10,0-27,0)

Н=2,30, р=0,316

Area of formation, mm2, 
Me (25-75%)

135,0
(112,0-225,0)

106,0
(60,0-312,0)

120,0
(70,0-513,0)

Н=1,92, р=0,383

Note: * – p <0.05 compared to group 1 (by HSD criterion)

Table 2. Thyroid hormone levels of patients of the research groups.

indicator group Min – max Ме (25-75%)
general difference 

between the 
groups

deviation from the 
norm [%] reference values

Thyroid-stimulating 
Hormone, μmol / l

I 0,01 – 3,0 1,45 (0,95-1,97)

Н=7,30, р=0,026

11,1

0,27- 4,2II 0,30 – 2,75 1,39 (1,13-2,27) –

III 0,95 – 2,66 2,00 (1,76-2,30)* –

Free Thyroxine, FT4 
pmol / l

I 2,10 – 18,63 14,00 (8,00-16,29)

Н=17,64, р<0,001

33,3

12,0-22,0II 1,12 – 13,5 1,94 (1,44-7,00)** 90,0

III 1,07 – 22,1 1,90 (1,21-9,00)** 90,9

Free Triiodthyronine, 
FT3 pmol / l

I 4,67 – 6,30 5,67 (5,10-6,20)

Н=12,41, р=0,002

–

3,1-6,8II 3,9 – 8,3 6,30 (5,40-8,00) 40,0

III 3,87 – 7,5 4,90 (4,00-5,30)*# 18,2

Аnti -thyroid peroxi-
dase autoantibodies, 
IU / ml

I 13,7 – 47,9 23,0 (18,1-24,0)

Н=0,20, р=0,903

11,1

До 34II 14,9 – 60,9 19,0 (18,1-23,3) 10,0

III 11,0 – 75,2 21,9 (16,9-25,8) 9,1

Notes: * – p <0, 05, ** – p <0,001 in comparison with group I;
# – p <0.001 compared to group II (by MC criterion)

and Ft3 (H = 12.41, p <0.01). So, despite the fact 
that the values of tSH in the serum of most patients 
(96.7%) did not exceed normal, the average in the 
presence of malignancy was higher than in the benign 
nature of the tumor and suspected malignancy of the 
tumor – 2.0 (1.76 -2.30) μIU / l vs. 1.45 (0.95-1.97) 
μIU / L (p <0.05) and 1.39 (1.13-2.27) μIU / L (p < 
0.1), respectively (table 2). From the described data 
it is clear that patients with the highest concentration 
of tSH and borderline results of cytological exami-
nation need more careful examination compared to 
patients in whom tSH levels are low. thus, the in-
crease in tSH even within the reference values corre-
lates with an increased risk of malignancy of the node 
(r = 0.34, p <0.05) and this indicator can be regarded 
as an independent predictor for thyroid cancer.

the research of the level of free t4 (Ft4) in the 
serum of thematic patients showed an inverse cor-
relation between the indicators and the potential for 
malignancy of the tumor – r = -0.45; p <0.001. in 
benign thyroid disease (group i), the level of Ft4 in 
only one third of patients (33.3%) was below normal, 
ranged from 2.10 to 18.63 pmol / l and averaged 14.0 
(8.0-16, 29) pmol / l (table 2). in contrast, the vast 
majority of patients in groups ii and iii (90%) had 
a very low concentration of this hormone in the se-
rum – the median rate was 7.2-7.4 times lower than 
in group i (p <0.001). therefore, low levels of Ft4 
may serve as a differential diagnostic criterion and 
indicate a potentially malignant origin of the tumor.

in contrast to the previous hormone, the concen-
tration of free t3 (Ft3) in the serum of most patients 
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cantly helps in the prevention of complications in 
the postoperative period.

conclusions 
1. analysis of risk factors is especially important in 

the study of thyroid hormones. to prevent com-
plications after surgery, our studied indicators are 
considered in the dynamics, which is important 
in the individual attitude to the patient;

2. Body mass index is positively correlated with 
thyroid tumors and together with risk factors 
acts as a mediator;

3. For benign thyroid tumors (group i) are charac-
terized by the following data: the level of free 
thyroxine (Ft4) in the serum of 66.7% of pa-
tients did not exceed normal and averaged 14.0 
(8.0-16.29) pmol / l; the concentration of Ft3 
in all cases corresponded to the reference val-
ues, but with a shift of the average levels to the 
upper limit of normal (5.67 (5.10-6.20) pmol / 
l). Benign thyroid disease (category ii BSrtc) 
is likely to be associated with younger patients 
(46.6 ± 3.7 years);

4. Group with suspected tumor malignancy in-
clude: very low concentration of Ft4 in serum 
(1.94 (1.44-7.00) pmol / l); high level of Ft3 
production in 40.0% of cases with a shift of the 
mean values to the upper limit of the reference 
interval (6.30 (5.40-8.00) pmol / l; 

5. thyroid status of patients with malignant thy-
roid tumors (group iii) is characterized by el-
evated levels of tSH compared with benign tu-
mors (p <0.05) and suspected malignancy of the 
tumor (p <0.1), but within the reference range; a 
significant decrease in the production of FT4 in 
the serum (7.4 times compared with the benign 
course; p <0.001) against the background of av-
erage regulatory levels of Ft3. 

with thyroid tumors (80.0%) did not exceed the ref-
erence range. at the same time, a probable shift of 
Ft3 values depending on the degree of malignancy 
of the node was established. thus, for benign tu-
mors and suspected malignancy of the tumor, the 
hormone level mostly approached the upper limit of 
normal or exceeded it, while in metastatic thyroid 
disease it’s value was within the reference range (p 
<0.05 compared with previous groups) (table 2).

regarding the levels of at-tPo, the study did 
not show significant differences between groups of 
patients (H = 0.20, p & gt; 0.05), no process of im-
munogenic destruction of the thyroid gland. there-
fore, autoimmune status is not prognostic factor of 
malignancy.

discussion 
timely detection of risk factors at the preopera-

tive stage plays an important role in the prevention 
of complications after surgery. with the help of 
laboratory monitoring, it is possible to improve the 
quality of medical care for patients diagnosed with 
thyroid cancer.

Some studies have found an increased risk of 
complications of outpatient total thyroidectomy as-
sociated with male gender, thyrotoxicosis, the pres-
ence of malignancies, the degree of resection and 
revision surgery [14, 15].

the study of thyroid hormones in peripheral 
blood is important, especially recent studies report a 
positive relationship between tSH and blood pres-
sure [16]. 

epidemiological studies report a positive asso-
ciation between obesity and thyroid cancer risk and 
body mass index [17-19].

this single-center study indicates that the deter-
mination of risk factors and body mass index at the 
same time as the study of thyroid hormones signifi-
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