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Abstract
Background and aims: Diabetes mellitus (DM) rates have reached endemic levels, which is a major challenge for the modern 
health care system; the vast majority are patients with type 2 diabetes mellitus (T2DM). The presence of other comorbidities 
drastically affects diabetic patient outcomes, treatment, and management options. The aim of our study was to analyze rou-
tine laboratory data of type 2 diabetic patients with thyroid dysfunction and search for possible markers of comorbid course 
of T2DM, hypothyroidism (HT), and diffuse nontoxic goiter (DNG). Material and method: We analyzed 596 medical records 
of T2DM patients without thyroid dysfunction and with comorbid HT and/or DNG. Results and conclusions: Type 2 diabetic 
patients with comorbid HT or DNG have significantly higher BMI, increased level of HbA1c and increased ESR compared with 
patients with T2DM without thyroid dysfunction. The progression of lipid metabolism disorders in patients with a comorbid 
course of t T2DM and HT is characterized by a significant decrease in HDL-C level, as well as an increase of RC and TG levels com-
pared with T2DM only, as well as the comorbidity of T2DM and DNG. 
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Background and aims

Diabetes mellitus (DM) rates have reached 
endemic levels, which is a major challenge for 
the modern health care system. The presence 
of other comorbidities drastically affects DM 
patient outcomes, treatment, and management 
options. Today, there are 463 million registered 
patients with this disease in the world, and by 
2030 their number could reach 578 million. 
The vast majority are patients with type 2 dia-
betes mellitus (T2DM) (about 90%) [1–5]. If left 
untreated, it can lead to frequent hospitalizations 

and premature death. Diabetes and its complica-
tions are among the top 10 causes of death in the 
world. Most patients with T2DM have at least 
one complication [6–10]. Dysfunction of the thy-
roid gland, after DM, is the second most com-
mon metabolic dysfunction in the world [11]. In 
recent years, researchers have paid more atten-
tion to the comorbid course of T2DM with thy-
roid dysfunction. Among patients with T2DM, 
thyroid dysfunction is more common than in 
the general population. The prevalence of thy-
roid dysfunction among patients with T2DM has 
been reported to range from 2.2 to 17.0% [12, 13]. 
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Diagnostics) using a standard set [24]. HT was 
diagnosed according to the criteria of the Euro-
pean Thyroid Association: elevated levels of thy-
roid-stimulating hormone (TSH) in combination 
with a decrease in free thyroxin (T4) [25]. If T4 
values were within normal limits, subclinical 
hypothyroidism (SCH) was diagnosed. The diag-
nosis of DNG was confirmed according to the 
WHO guidelines [26]. The goiter was diagnosed if 
an enlarged thyroid was visible (grade 1) or palpa-
ble but not visible (grade 2) when the neck is in the 
normal position or nodular alteration(s) occurred 
in the enlarged or normal thyroid gland.

Patients with a history of other thyroid 
diseases (than HT and DNG), patients which 
were prescribed thyroid hormone-related drugs, 
patients with pregnancy or lactation, as well as 
with cancer, infectious diseases, neurological or 
mental diseases (depression, anxiety, and schizo-
phrenia) were excluded from the study. 

Thyroid sonography was performed for 
all participants including transverse and longi-
tudinal locations. Maximal width (w), depth (d), 
and height (h) of each lobe were measured and 
each lobe volume was calculated by Brunn J. et al. 
method [27]:

	 V (cm3) = 0.479 × d × w × h , where

w, d, h – mutually perpendicular dimensions of 
thyroid gland; 0.479 – coefficient.

Total volume of the thyroid was esti-
mated as both lobes volumes sum.

A complete blood count (CBC) was per-
formed using a Yumizen H500 CT automatic 
hematology analyzer. The alanine aminotrans-
ferase (ALT) and aspartate aminotransferase 
(AST) activity in blood serum were determined 
using a standard kit with a COBAS INTEGRA® 
Diagnostics automatic biochemical analyzer. 

Fasting venous blood (5 ml) was collected 
from each individual after an overnight fast of 
over 10 hours. Serum lipid panel values were 
determined by the Biochemical Laboratory of 
Ternopil University Hospital; total cholesterol 
(TC), triacylglycerol (TG), and high-density lipo-
protein cholesterol (HDL-C) were determined 
with commercially available kits on a Cobas 6000 
analyzer (Roche Hitachi, Germany). 

Hypothyroidism (HT) and diffuse nontoxic goi-
ter (DNG) are common thyroid pathologies. In 
regions with sufficient iodine intake, the prev-
alence of primary HT ranges from 1.0 to 2.0% 
[14]. On the other hand, in patients with T2DM, 
according to various authors, the prevalence of 
HT ranges from 5.7 to 37.1% [15–17]. The preva-
lence of DNG increases with increasing iodine 
deficiency and becomes endemic in populations 
where iodine intake is insufficient [18]. Thus, in 
the world population, the prevalence is 15.8%, 
ranging from 4.7% in America to 28.3% in Africa 
[19]. The main risk factors for the emergence of 
DNG are age, sex, hereditary history, iodine levels 
in household salt, and socio-economic conditions 
[20–23]. Recently, researchers have increasingly 
focused on the relationship between insulin 
resistance (IR), which is a hallmark of T2DM, and 
abnormal thyroid function and morphology.

The aim of our study was to analyze rou-
tine laboratory data of type 2 diabetic patients 
with thyroid dysfunction and search for possible 
markers of comorbid course of T2DM, hypothy-
roidism, and DNG.

Material and method

For the purpose of retrospective anal-
ysis of medical records, the study included 596 
patients with T2DM who were hospitalized in the 
Endocrinology department of the municipal non-
profit enterprise “Ternopil University Hospital” 
of Ternopil Regional Council in 2019. Patients 
were divided into 4 groups: group 1 (501 patients 
with T2DM without comorbid thyroid dysfunc-
tion), group 2 (37 patients with T2DM and comor-
bid HT), group 3 (40 patients with T2DM and 
comorbid DNG), and group 4 (18 patients with 
comorbid T2DM, HT, and DNG).

The diagnosis of T2DM was confirmed 
according to the recommendations of the Amer-
ican Diabetes Association. The diagnosis crite-
ria use the level of glycated hemoglobin (HbA1c) 
(≥6.5%), which was determined using an auto-
matic biochemical analyzer COBAS 6000 (Roche 
Hitachi, Germany) and plasma glucose level, 
which was determined on an automatic bio-
chemical analyzer BAS INTEGRA® 400 (Roche 
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Analysis of the data of type 2 diabetic 
patients included in the study (Table 1) showed 
that the average age of patients in the group T2DM 
was 56 (50; 62) years, 56 (52; 61) years in the group 
T2DM + HT, 58 (55; 64.3) years in the group T2DM 
+ DNG and 58 (57; 68) years in the group T2DM + 
HT + DNG. BMI in the group T2DM + HT + DNG 
was significantly higher by 15.9% compared with 
the group T2DM without thyroid pathology, by 
11.8% compared with the group T2DM + HT, and 
by 12.4% compared with the group T2DM + DNG.

The evaluation of the CBC data revealed 
a significantly higher level of ESR (p = 0.038) in 
patients with a comorbid course of T2DM, HT, 
and DNG compared with patients with only 
T2DM. The level of hemoglobin and RBC count 
in the group of T2DM + HT + DNG was 4.4% and 
4.6% lower, respectively, compared with only 
T2DM (Table 2).

The evaluation of glucose metabolism 
(Table 3) revealed significantly higher levels of 
HbA1c by 20.4% in the group T2DM + HT + DNG 
compared with only the T2DM group. Com-
paring data on insulin, fasting glucose, and 
HOMA-IR index, no significant differences were 
found between the study groups.

Evaluating the data of the lipid panel 
(Table 4), we found significantly higher levels of 
RC by 64.0% and 23.6% lower levels of HDL-C in 
the group T2DM + HT + DNG compared with only 

Friedewald equation was used to calcu-
late low-density lipoprotein cholesterol (LDL-C) 
levels (if serum TG <4.5 mmol/l): LDL-C (mmol/l) 
= TC − HDL-C − (0.45 × TG).

Non-HDL-C was calculated using the fol-
lowing formula (if serum TG >4.5 mmol/l): non-
HDL-C (mmol/l) = TC − HDL-C.

Remnant cholesterol (RC) was calculated 
using the following formula: RC (mmol/l) = TC – 
(HDL-C + LDL-C). 

Plasma insulin level was determined 
with the help of enzyme-linked immunosor-
bent analyzer “Thermo Scientific Multiskan FC” 
using a DRG set (Germany). HOMA-IR (Homeo-
stasis Model Assessment for Insulin Resistance) 
index was used to determine IR. It was calculated 
using the formula: HOMA-IR= (fasting plasma 
glucose, mmol/l × fasting plasma insulin, µIU/
ml)/22.5 [28].

Body mass index (BMI) was calculated 
using the formula: body weight (kg) / height (m2).

Study results were analyzed using STA-
TISTICA 7.0. The Kolmogorov–Smirnov test 
was used to compare probability distributions. 
Quantitative values, due to their non-parametric 
distribution, are presented as the median, lower, 
and upper quartiles, and compared using the 
Mann–Whitney test. 

Results

Table 1: Characteristics of the study groups.

Group Age (years) BMI (kg/m2)
Sex

Male n (%) Female n (%)

T2DM 56 (50; 62) 30.5 (26.3; 34.2) 274 (54.7) 227 (45.3)

p1 0.176 <0.001* <0.001*

T2DM + HT 56 (52; 61) 31.6 (27.4; 34.7) 4 (10.8) 33 (89.2)

p2 0.163 0.035* 0.987

T2DM + DNG 58.0 (55.0; 64.3) 31.4 (28.1; 35.4) 4 (10) 36 (90)

p3 0.630 0.020* 0.911

T2DM + HT +DNG 58 (57; 68) 35.3 (30.4; 36.7) 2 (11.11) 16 (88.89)

Note: p1 – T2DM vs. T2DM + HT + DNG, p2 – T2DM + HT vs. T2DM + HT + DNG, p3 – T2DM + DNG vs. T2DM + HT 
+ DNG; *Statistically significant difference.
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Table 2: The indices of CBC in type 2 diabetic patients with comorbid thyroid dysfunction.

Group Hemoglobin (g/l) Red blood cells 
(RBC) (1012) Color index

Erythrocyte 
sedimentation rate 

(ESR) (mm/hour)

T2DM 138 (127; 149) 4.4 (4; 4.7) 0.9 (0.9; 1) 11 (6; 20)

p1 0.044* 0.026* 0.956 0.038*

T2DM + HT 126 (116; 139) 4.2 (4.0; 4.6) 0.9 (0.9; 1) 13 (10; 22)

p2 0.302 0.596 0.701 0.602

T2DM + DNG 130 (127; 145) 4.3 (4; 4.6) 1.0 (0.9; 1) 18 (12; 24)

p3 0.333 0.216 0.245 0.730

T2DM + HT +DNG 132 (122; 138) 4.2 (3.95; 4.3) 0.9 (0.9; 1) 14.5 (10.25; 23.5)

Note: p1 – T2DM vs T2DM + HT + DNG, p2 – T2DM + HT vs T2DM + HT + DNG, p3 – T2DM + DNG vs T2DM + 
HT + DNG; *Statistically significant difference.

Table 3: The indices of glucose metabolism in type 2 diabetic patients with comorbid thyroid dysfunction.

Group Glucose, mmol/l HbA1c, % Insulin, µIU/ml HOMA-IR

T2DM 9.4 (7.5; 12.1) 8.1 (7.0; 9.3) 13.9 (9.9; 17.3) 5.6 (4.6; 6.8)

p1 0.975 0.005* 0.312 0.138

T2DM + HT 9.9 (8.0; 12.4) 9 (7.5; 10.0) 14.3 (10.3; 17.2) 6.1 (4.5; 7.7)

p2 0.622 0.154 0.500 0.809

T2DM + DNG 8.5 (7.8; 10.2) 8.7 (7.6; 10.1) 15.0 (10.8; 18.7) 5.9 (4.6; 6.7)

p3 0.444 0.160 0.886 0.187

T2DM + HT +DNG 9.4 (7.9; 10.7) 9.8 (8.1; 11.1) 16.3 (11.7; 17.3) 6.4 (5.9; 7.1)

Note: p1 – T2DM vs. T2DM + HT + DNG, p2 – T2DM + HT vs. T2DM + HT + DNG, p3 – T2DM + DNG vs. T2DM + HT 
+ DNG; *Statistically significant difference.

Table 4: The lipid panel data in type 2 diabetic patients with comorbid thyroid dysfunction.

Group TC,  
mmol/l

HDL-C,  
mmol/l LDL-C, mmol/l RC,  

mmol/l
non-HDL-C, 

mmol/l
TG,  

mmol/l

T2DM 5.0 (4.3; 5.9) 1.1 (1.0; 1.2) 3.1 (2.4; 3.9) 0.8 (0.4; 1.2) 3.9 (3.2; 4.7) 1.8 (1.1; 2.8)

p1 0.833 <0.001* 0.494 <0.001* 0.279 0.008*

T2DM + HT 5.3 (4.8; 6.0) 1.0 (0.8; 1.2) 3.3 (2.6; 3.9) 1.1 (0.7; 1.3) 4.5 (3.7; 4.9) 2.5 (1.9; 2.9)

p2 0.169 0.187 0.097 0.093 0.346 0.164

T2DM + DNG 5.3 (4.7; 6.0) 1.0 (0.8; 1.3) 3.2 (2.8; 4.1) 1.0 (0.6; 1.2) 4.1 (3.6; 4.8) 2.1 (1.4; 2.7)

p3 0.415 0.071 0.150 0.014* 0.769 0.014*

T2DM + HT 
+DNG

5.0 (4.8; 5.6) 0.8 (0.8; 1.0) 2.9 (2.6; 3.3) 1.2 (1.1; 1.3) 4.0 (3.7; 4.6) 2.7 (2.5; 2.9)

Note: p1 – T2DM vs. T2DM + HT + DNG, p2 – T2DM + HT vs. T2DM + HT + DNG, p3 – T2DM + DNG vs. T2DM + 
HT + DNG; *Statistically significant difference.
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When evaluating the level of thyroid 
hormones (Table 5), significantly lower TSH lev-
els were obtained in the group of patients with 
only T2DM compared to the group of T2DM + 
HT + DNG (p<0.001) and significantly higher by 
64.9% T4 levels (p<0.001), respectively. There are 
also higher levels of TSH (p<0.001) and lower T4 
(p<0.001) in the group T2DM + HT + DNG com-
pared with T2DM + DNG.

When comparing the measurements of 
thyroid ultrasound, it was revealed significantly 
higher size of the thyroid gland in the group 
T2DM + HT + DNG compared with only T2DM 
and T2DM + HT. Thus, the total thyroid volume 
was 47.4% and 51.3% higher in the group T2DM + 
HT + DNG compared with the groups only T2DM 
and T2DM + HT, respectively (Table 6).

Discussion

Thyroid dysfunction, obesity, and T2DM 
are among the most common endocrine disor-
ders and they are often concomitantly present 
in the same patient [29–31]. The frequency of 
thyroid dysfunction among T2DM patients is 
higher than that of the general population. There 
are data available that the prevalence of HT in 
T2DM patients ranges from 6.0 to 20.0% across 
different ethnic groups [12, 15]. On the contrary, 
Smithson reported lower prevalence rates for 
thyroid dysfunction in T2DM patients [32]. These 
inconsistencies could be explained by differences 

the T2DM group. There was also a 49.7% increase 
in TG level in patients with comorbid T2DM, HT, 
and DNG compared with T2DM patients without 
thyroid pathology. Significantly higher levels of 
RC (p=0.014) and TG (p=0.014) were also found in 
the group T2DM + HT + DNG compared to T2DM 
+ DNG group.

During the study of biochemical profile 
parameters, we found significantly higher levels 
only of AST activity in the group T2DM + HT + 
DNG 25.2 (22; 30.6) U/l compared to T2DM + DNG 
18.2 (13.3; 24.7) U/l (p=0.028) and with only T2DM 
18.1 (14.2; 25.8) U/l (p = 0.014). No statistically 
significant difference was found between other 
studied biochemical parameters.

Table 5: Thyroid hormone levels in type 2 
diabetic patients with comorbid thyroid 
dysfunction.

Group TSH (mIU/l) T4 (pmol/l)

T2DM 1.9 (1.6; 2.8) 16.0 (15.0; 17.2)

p1 <0.001* <0.001*

T2DM + HT 4.6 (2.5; 8.4) 9.9 (8.8; 12.6)

p2 0.647 0.424

T2DM + DNG 1.7 (0.9; 3.5) 14.8 (12.4; 17.6)

p3 0.003* <0.001*

T2DM + HT + 
DNG

4.0 (2.8; 5.1) 10.4 (9.7; 12.4)

Note: p1 – T2DM vs. T2DM + HT + DNG, p2 – T2DM + 
HT vs. T2DM + HT + DNG, p3 – T2DM + DNG vs. T2DM 
+ HT + DNG; *Statistically significant difference.

Table 6: Thyroid gland ultrasound parameters in type 2 diabetic patients with comorbid thyroid dysfunction.

Group Total volume (cm3) Right lobe (cm3) Left lobe (cm3) Isthmus (mm)

T2DM 11.6 (9.1; 15.2) 6.1 (4.5; 7.2) 6.1 (4.6; 8.0) 5 (3.7; 5.5)

p1 0.018* 0.047* 0.048* 0.739

T2DM + HT 11.3 (9.6; 14.1) 5.4 (4.4; 7.2) 6 (4.8; 6.7) 4.3 (3.7; 5.2)

p2 <0.001* 0.003* <0.001* 0.102

T2DM + DNG 15.6 (12.7; 20.1) 8.1 (6.6; 10.1) 8.0 (5.6; 9.5) 5 (4.3; 6.2)

p3 0.775 0.980 0.410 0.562

T2DM + HT +DNG 17.1 (14.4; 18.6) 8.9 (6.7; 9.5) 7.9 (6.8; 10.6) 5.1 (4.4; 5.4)

Note: p1 – T2DM vs. T2DM + HT + DNG, p2 – T2DM + HT vs. T2DM + HT + DNG, p3 – T2DM + DNG vs. T2DM +  
HT + DNG; *Statistically significant difference.
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T2DM without thyroid dysfunction. Signifi-
cantly higher levels of RC and TG in the group of 
T2DM + HT + DNG were also found in compari-
son with T2DM + DNG. Dyslipidemia is observed 
in patients with T2DM and thyroid dysfunction. 
So, Du et al. [43] identify low levels of HDL-C in 
T2DM patients as a risk factor for thyroid dys-
function. Elgazar et al. [42] also reported in their 
study a significant increase in TG levels in T2DM 
patients and thyroid dysfunction compared with 
only T2DM patients. During the study of T2DM 
and HT, we also found the progression of dys-
lipidemia compared with only T2DM patients 
[4, 41].

Studies of thyroid function in other 
researches show higher levels of TSH and T4 in 
patients with a comorbid course of T2DM and 
thyroid dysfunction compared with only T2DM 
patients [14, 40]. The obtained results indicate 
a bidirectional relationship between thyroid 
function and T2DM, which is subject to complex 
interactions and indicates common mechanisms 
of HT and DNG in the case of T2DM [44].

Conclusions

Type 2 diabetic patients with comorbid 
hypothyroidism or DNG have significantly higher 
BMI, increased level of HbA1c, and increased ESR 
compared with patients with T2DM without thy-
roid dysfunction. The progression of lipid metab-
olism disorders in patients with a comorbid 
course of T2DM and hypothyroidism is charac-
terized by a significant decrease in HDL-C level, 
as well as an increase in RC and TG levels com-
pared with T2DM only, as well as the comorbidity 
of T2DM and DNG.

Conflict of Interest

The authors declare no conflict of interest.

References

1.	 Posokhova, K., Stechyshyn, I., Krynytska, I., Marushchak, M., 
Birchenko, I., Klishch, I. (2018). Comparative study of the effect 

in age, sex, and iodine intake in the populations 
surveyed [33]. Undiagnosed thyroid dysfunction 
may affect metabolic control and enhance cardio-
vascular, and other chronic complication risks in 
diabetic patients [34], therefore, it is very import-
ant to determine risk factors for thyroid dysfunc-
tion development among T2DM patients.

Obesity or overweight, according to the 
WHO, occurs in 44% of patients with diabetes 
[35]. Patients with HT are also often found to be 
overweight [36, 37]. In a study by Nair et al. [38] 
BMI was significantly higher in patients with a 
comorbid course of T2DM and HT (p≤0.001) com-
pared with euthyroid T2DM patients. Patients 
with a BMI> 35 kg/m2 were 20 times more likely 
to develop T2DM [39]. There were 16 females 
and 2 males in the group T2DM + HT + DNG in 
our study. Women suffer from HT 10 times more 
often than men [14]. Also, according to Gebremi-
chael et al. women are almost twice as likely to 
develop goiter as men [40].

The evaluation of the CBC data revealed 
significantly higher ESR, lower levels of hemo-
globin and RBC in the group of T2DM + HT + DNG 
compared with T2DM without thyroid dysfunc-
tion. It should be noted that the results of our 
previous studies of the comorbid course of T2DM 
and HT showed in patients laboratory signs of 
anemia (decreased hemoglobin and RBC). We 
also found previously that the combination of 
T2DM and HT significantly increases the level of 
ESR [4, 41].

The evaluation of glucose metabolism 
revealed significantly higher levels of HbA1c in the 
group T2DM + HT + DNG compared with T2DM 
only. There are data that thyroid dysfunction is 
more common in patients with HbA1c levels above 
8% [42]. Barmpari et al. reported higher levels of 
HbA1c in patients with T2DM and HT compared 
with patients without HT [17]. The results of our 
previous studies have shown that the combina-
tion of T2DM and HT significantly increases the 
level of HbA1c in patients with T2DM [41].

Evaluating the data of the lipid panel, 
we found significantly higher levels of RC and 
lower levels of HDL-C in the group T2DM + HT 
+ DNG compared with T2DM only. There was 
also an increase in TG levels in patients with 
comorbid T2DM, HT and DNG compared with 

www.rjdnmd.org�


https://doi.org/10.46389/rjd-2022-1097 © 2022 The Authors234

Musiienko V et al.  Laboratory criteria for comorbid course of type 2 diabetes mellitus and thyroid dysfunction 

16.	 Talwalkar, P., Deshmukh, V., Bhole, M. (2019). Prevalence of 
hypothyroidism in patients with type 2 diabetes mellitus and 
hypertension in India: A cross-sectional observational study. 
Diabetes Metab Syndr Obes. 12:369–376. doi: 10.2147/DMSO.
S181470. 

17.	 Barmpari, M. E., Kokkorou, M., Micheli, A., et al. (2017). 
Thyroid dysfunction among Greek patients with type 1 and type 
2 diabetes mellitus as a disregarded comorbidity. J Diabetes Res. 
6505814. doi: 10.1155/2017/6505814.

18.	 Hetzel, B. S. (1989). The story of iodine deficiency: an inter-
national challenge in nutrition. Oxford and New Delhi: Oxford 
University Press.

19.	 de Benoist, B., Andersson, M., Takkouche, B., Egli, I. 
(2003). Prevalence of iodine deficiency worldwide. Lancet 
362(9398):1859–1860. doi: 10.1016/S0140-6736(03)14920-3. 

20.	 Mesele, M., Degu, G., Gebrehiwot, H. (2014). Prevalence and 
associated factors of goiter among rural children aged 6-12 years 
old in Northwest Ethiopia, cross-sectional study. BMC Public 
Health 14:130. doi: 10.1186/1471-2458-14-130. 

21.	 Anusha, A., Gopalakrishnan, S., Savitha, A. (2018). Evaluation 
of goitre and its sociodemographic risk factors among rural 
school children of Kancheepuram, Tamil Nadu, India. J Clin 
Diagn Res. 12(6):10–14. doi:10.7860/JCDR/2018/34477.11638.

22.	 Malboosbaf, R., Hosseinpanah, F., Mojarrad, M., Jambarsang, 
S., Azizi, F. (2013). Relationship between goiter and gender: a 
systematic review and meta-analysis. Endocrine 43(3):539–547. 
doi: 10.1007/s12020-012-9831-8. 

23.	 Cho, Y. A., Kim, J. (2015). Dietary factors affecting thyroid can-
cer risk: A meta-analysis. Nutr Cancer 67(5):811–817, 2015. doi: 
10.1080/01635581.2015.1040517. 

24.	 American Diabetes Association. (2019). 10. Cardiovascular dis-
ease and risk management: Standards of medical care in dia-
betes-2019. Diabetes Care 42(Suppl 1):S103–S23. doi: 10.2337/
dc19-S010.

25.	 Okosieme, O., Gilbert, J., Abraham, P., et al. (2016). Management 
of primary hypothyroidism: statement by the British Thyroid 
Association Executive Committee. Clin Endocrinol. (Oxf) 
84(6):799–808. doi: 10.1111/cen.12824.

26.	 WHO/UNICEF/ICCIDD. Assessment of iodine deficiency dis-
orders and monitoring their elimination. A guide for pro-
gramme managers 3rd ed. Geneva: World Health Organization 
[online] Available at: http://whqlibdoc.who.int/publica-
tions/2007/9789241595827_eng.pdf [Accessed 2nd Nov 2021]

27.	 Brunn, J., Block, U., Ruf, G., Bos, I., Kunze, W. P., Scriba, P. C. 
(1981). [Volumetric analysis of thyroid lobes by real-time ultra-
sound (author’s transl)]. Dtsch Med Wochenschr. 106(41):1338–
1340. doi: 10.1055/s-2008-1070506. 

28.	 Bonora, E., Targher, G., Alberiche, M., et al. (2000). Homeostasis 
model assessment closely mirrors the glucose clamp technique 
in the assessment of insulin sensitivity: studies in subjects with 
various degrees of glucose tolerance and insulin sensitivity. 
Diabetes Care 23(1):57–63. doi: 10.2337/diacare.23.1.57. 

29.	 Cannarella, R., Condorelli, R., Barbagallo, F., Aversa, A., 
Calogero, A., La Vignera, S. (2021). TSH lowering effects of met-
formin: a possible mechanism of action. J Endocrinol Invest. 
44(7):1547–1550.

30.	 Bilous, I., Korda, M., Krynytska, I., Kamyshnyi, A. (2020). 
Nerve impulse transmission pathway-focused genes expression 

of various forms of quercetin on experimental diabetes. Rom J 
Diabetes Nutr Metab Dis. 25(4):383–388.

2.	 Kamyshnyi, A., Krynytska, I., Matskevych, V., Marushchak, 
M., Lushchak, O. (2020). Arterial hypertension as a risk comor-
bidity associated with COVID-19 pathology. Int J Hypertens. 
2020:8019360.

3.	 Marushchak, M., Maksiv, K., Krynytska, I., Stechyshyn, I. 
(2019). Glutathione antioxidant system of lymphocytes in the 
blood of patients in a setting of concomitant chronic obstruc-
tive pulmonary disease and arterial hypertension. Pol Merkur 
Lekarski. XLVII (281):35–39.

4.	 Musiienko, V., Marushchak, M., Sverstuik, A., Filipyuk, A., 
Krynytska, I. (2021). Prediction factors for the risk of hypo-
thyroidism development in type 2 diabetic patients. PhOL. 
3:585–594.

5.	 Cho, N. H., Shaw, J. E., Karuranga, S., et al. (2018). IDF dia-
betes atlas: Global estimates of diabetes prevalence for 2017 
and projections for 2045. Diabetes Res Clin Pract. 138:271–281. 
doi:10.1016/j.diabres.2018.02.023.

6.	 Saddik, B., Al-Dulaijan, N. (2015). Diabetic patients’ willingness 
to use tele-technology to manage their disease - A descriptive 
study. Online J Public Health Inform. 7(2):e214. doi: 10.5210/ojphi.
v7i2.6011.

7.	 Marushchak, M., Krynytska, І., Mazur, L., Klishch, I., Gabor, 
G., Antonyshyn, I. (2017). The relationship between experimen-
tal alimentary obesity and hard tooth tissues mineralization. 
Jordan Med J. 51(1):25–33.

8.	 Marushchak, M., Lisnyanska, N., Krynytska, I. (2019). The fea-
tures of oxidative processes in the wall of small intestine in rats 
with chronic enterocolitis combined with experimental diabe-
tes. Azerbaijan Med J. 1:102–106.

9.	 Marushchak, M., Hevko, U., Krynytska, I., Danylevych, Y., 
Danchak, S., Mazur, L. (2021). Does comorbid obesity or chronic 
pancreatitis influence the choice and effectiveness of glu-
cose-lowering therapy in type 2 diabetic patients? Arch Balk Med 
Union 56(1):24–32. https://doi.org/10.31688/ABMU.2021.56.1.03

10.	 Hevko, U., Kozak, K., Krynytska, I., Marushchak, M. (2020). 
Diagnostic value of a complete blood count in type 2 diabetes 
mellitus and comorbidities. Arch Balk Med Union 55(4):601–607. 
https://doi.org/10.31688/ABMU.2020.55.4.06

11.	 Mahdavi, M., Amouzegar, A., Mehran, L., Madreseh, E., 
Tohidi, M., Azizi, F. (2021). Investigating the prevalence of pri-
mary thyroid dysfunction in obese and overweight individuals: 
Tehran thyroid study. BMC Endocr Disord. 21(1):89. doi: 10.1186/
s12902-021-00743-4. 

12.	 Han, C., He, X., Xia, X., et al. (2015). Subclinical hypothyroid-
ism and type 2 diabetes: A systematic review and meta-analysis. 
PLoS One 10(8):e0135233. doi: 10.1371/journal.pone.0135233. 

13.	 Subekti, I., Pramono, L. A., Dewiasty, E., Harbuwono, D. S. 
(2017). Thyroid dysfunction in type 2 diabetes mellitus patients. 
Acta Med Indones. 49(4):314–323. 

14.	 Vanderpump, M. (2018). Epidemiology of thyroid disease. 
2018:486–495.

15.	 Al-Geffari, M., Ahmad, N. A., Al-Sharqawi, A. H., Youssef, A. 
M., Alnaqeb, D., Al-Rubeaan, K. (2013). Risk factors for thyroid 
dysfunction among type 2 diabetic patients in a highly diabetes 
mellitus prevalent society. Int J Endocrinol. 2013:417920. doi: 
10.1155/2013/417920. 



© 2022 The Authors 235Romanian Journal of Diabetes, Nutrition and Metabolic Diseases  ::  www.rjdnmd.org

Rom J Diabetes Nutr Metab Dis. 2022; volume 29, issue 2

38.	 Nair, A., Jayakumari, C., Jabbar, P. K., et al. (2018). Prevalence 
and associations of hypothyroidism in Indian patients with 
type 2 diabetes mellitus. J Thyroid Res. 2018:5386129. doi: 
10.1155/2018/5386129. 

39.	 Mokdad, A. H., Ford, E. S., Bowman, B. A., et al. (2003). 
Prevalence of obesity, diabetes, and obesity-related health 
risk factors, 2001. J Am Med Assoc. 289(1):76–79. doi: 10.1001/
jama.289.1.76. 

40.	 Gebremichael, G., Demena, M., Egata, G., Gebremichael, B. 
(2020). Prevalence of goiter and associated factors among ado-
lescents in Gazgibla district, northeast Ethiopia. Glob Adv Health 
Med. 9:2164956120923624. doi: 10.1177/2164956120923624. 

41.	 Musiienko, V. A., Marushchak, M. I. (2021). Type 2 diabe-
tes mellitus and hypothyroidism: laboratory data. Med Clin 
Chem. (3):74–79. https://doi.org/10.11603/mcch.2410-681X.2021.
i3.12448.

42.	 Elgazar, E. H., Esheba, N. E., Shalaby, S. A., Mohamed, W. F. 
(2019). Thyroid dysfunction prevalence and relation to glycemic 
control in patients with type 2 diabetes mellitus. Diabetes Metab 
Syndr. 13(4):2513–2517. doi: 10.1016/j.dsx.2019.07.020. 

43.	 Du, W., Wang, F., Zhao, M., et al. (2019). Prevalence of thyroid 
disorders and associated risk factors with various glycemic sta-
tus in North China. Biotechnol Biotechnoll Equip. 33(1):1244–1250. 
doi:10.1080/13102818.2019.1656106.

44.	 Musiienko, V. A., Marushchak, M. I. (2020). Type 2 diabetes and 
thyroid disease: search for common mechanisms. Bull Med Biol 
Res. 1:74–82. doi:10.11603/bmbr.2706-6290.2020.1.11006.

analysis in patients with primary hypothyroidism and autoim-
mune thyroiditis. Endocr Regulat. 54(2):109–118.

31.	 Bilous, I., Pavlovych, L., Krynytska, I., Marushchak, M., 
Kamyshnyi, A. (2020). Apoptosis and cell cycle pathway-focused 
genes expression analysis in patients with different forms of 
thyroid pathology. Open Access Maced. J Med Sci. 8(B):784–792.

32.	 Smithson, M. (1998). Screening for thyroid dysfunction in 
a community population of diabetic patients. Diabet Med. 
15(2):148–150. doi:10.1002/(SICI)1096-9136(199802)15:23.0. 

33.	 Biondi, B., Kahaly, G., Robertson, R. (2019). Thyroid dysfunc-
tion and diabetes mellitus: Two closely associated disorders. 
Endocr Rev. 40(3):789–824. doi:10.1210/er.2018-00163.

34.	 Mohamed, G., Elsayed, A. (2017). Subclinical hypothyroid-
ism ups the risk of vascular complications in type 2 diabetes. 
Alexandria J Med. 53(3):285–288. 

35.	 Fruhbeck, G., Toplak, H., Woodward, E., et al. (2013). Obesity: 
the gateway to ill health - an EASO position statement on a ris-
ing public health, clinical and scientific challenge in Europe. 
Obes Facts 6(2):117–120. doi: 10.1159/000350627.

36.	 Asvold, B. O., Bjøro, T., Vatten, L. J. (2009). Association of 
serum TSH with high body mass differs between smokers and 
never-smokers. J Clin Endocrinol Metab. 94:5023–5027.

37.	 Chukur, O. O., Pasyechko, N. V., Bob, A. O., Smachylo, I. V., 
Radetska, L. V. (2021). Assoсiation between vitamin d status 
and metabolic disorders in premenopausal women with auto-
immune hypothyroid disease. Wiad Lek. 74(7):1612–1616. PMID: 
34459760.

www.rjdnmd.org�

	_GoBack

