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We analyzed the detection rates of metabolic syndrome (MetS) and subclinical thyroid dysfunction, including subclinical
hyperthyroidism (SCHyper) and subclinical hypothyroidism (SCH), in healthy people, as well as their relationship. Clinical data
were collected from 28,568 healthy individuals who underwent physical examinations. Te detection rates of SCHyper, SCH, and
MetS, as well as in diferent genders and ages, were analyzed. Te detection rate of SCHyper and SCH in females was signifcantly
higher than that inmales (P< 0.001), but that ofMetS inmales was signifcantly higher than that in females (P< 0.001). In each age
group, the detection rate of SCH in females was higher than that in males (P< 0.001). Te detection rate of SCH was signifcantly
diferent in diferent age groups (P< 0.001). Te detection rates of hyperlipidemia (P< 0.001), obesity (P � 0.004), hypertension
(P � 0.009), and hyperglycemia (P< 0.001) in the female SCH group were signifcantly higher than those in the normal group.Te
detection rates of hyperlipidemia (P � 0.006), obesity (P � 0.04), and hypertension (P � 0.04) in the male SCH group were higher
than those in the normal group. Te males with SCHyper were more prone to hyperlipidemia (P � 0.02) and obesity (P � 0.03). In
addition, the female SCHyper group was not signifcantly diferent from the normal group (P> 0.05). Conclusively, the detection
rate of SCHyper and SCH in females is higher than that in males, which increases with age. Attention should be paid to subclinical
thyroid dysfunction in elderly people, especially females. Early individualized screening and early intervention should be carried
out for people with abnormal metabolism.

1. Introduction

Te thyroid, being the largest endocrine organ in the human
body, plays a crucial role in regulating metabolism through
the secretion of thyroid hormones [1]. Subclinical thyroid
dysfunction, an insidious disease that lacks apparent clinical
symptoms, is often detected during a physical examination
and results from imbalances in thyroid hormone levels [2].
Clinically, subclinical thyroid dysfunction is divided into
subclinical hypothyroidism (SCH) and subclinical hyper-
thyroidism (SCHyper) [3, 4]. Subclinical thyroid dysfunc-
tion is common in females, the elderly, and in areas of iodine
defciency or excess [5, 6].

SCH is a biochemical diagnosis characterized by an
elevated serum level of thyroid-stimulating hormone (TSH),
while free thyroxine (FT4) levels remain within the normal
range [7]. Tyroid hormones exert their efects on the heart
through various mechanisms; therefore, SCH has been
linked to several risk factors for cardiovascular disease,
including hypertension and dyslipidemia [8]. Consequently,
even slight fuctuations in hormone levels have the potential
to adversely afect both the cardiovascular and metabolic
systems [9]. Furthermore, SCH has been found to be as-
sociated with insulin resistance and metabolic syndrome
(MetS) [10]. Conversely, SCHyper is defned by a concen-
tration of TSH below the normal range, while FT4
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concentrations remain within the normal range [11]. Cross-
sectional and longitudinal population-based studies have
demonstrated that SCHyper is associated with an increased
risk of atrial fbrillation, osteoporosis, as well as cardio-
vascular and all-cause mortality [12, 13].

Numerous studies have examined the association be-
tween subclinical thyroid dysfunction and MetS [14–16].
However, these studies provide conficting fndings, likely
due to insufcient statistical power. Moreover, there is
a dearth of data on the prevalence of subclinical thyroid
dysfunction and metabolic abnormalities in the healthy
population. Terefore, this study aims to thoroughly analyze
the detection rate of subclinical thyroid dysfunction and
metabolic abnormalities in a large cohort of healthy in-
dividuals. Our fndings may provide a basis for the detection
of subclinical thyroid dysfunction and for the prevention
and treatment of metabolic abnormalities in healthy
populations.

2. Materials and Methods

2.1. Study Participants. Tis retrospective study enrolled
healthy individuals who underwent physical examinations in
the Health Management Centre of the First Afliated
Hospital of ArmyMedical University and the Department of
Clinical Laboratory of Bishan Hospital of Chongqing
Medical University from January 2018 to January 2022.
Inclusion criteria are as follows: (1) subjects aged 18–91 years
and (2) subjects had complete and reliable clinical data,
including those of thyroid function, body mass index (BMI),
blood pressure, blood glucose, blood lipids, and kidney
function. Exclusion criteria are as follows: (1) subjects with
a confrmed diagnosis of hyperthyroidism or hypothy-
roidism, or who had received treatment for the above dis-
eases; (2) subjects with severe heart/liver/kidney
insufciency, severe anemia, or malignant tumor; (3) sub-
jects who had no obvious symptoms and whose physical
examination results were at the critical value but the results
returned to normal after 2-3months of follow-up; and (4)
subjects who received drug therapy that may afect the
detection of thyroid function, such as propranolol, meto-
clopramide, and glucocorticoids. Tis study was approved
by the Ethics Committee of the First Afliated Hospital of
Army Medical University (No.: (B) KY2022188). Informed
consent was waived due to the retrospective nature of
this study.

2.2. Data Collection. Te basic data such as age, gender,
height, weight, diastolic blood pressure (DBP), and systolic
blood pressure (SBP) were collected, as well as blood bio-
chemical results.

2.3.Detection of BloodBiochemical Indicators. Venous blood
was collected from each subject after fasting for 10 h–14 h
and then subjected to detection of blood biochemical in-
dicators. Te serum levels of free triiodothyronine (FT3),
triiodothyronine (T3), thyroid peroxidase antibody (TPO-
Ab), thyroglobulin protein antibody (TG-Ab), thyroid

microsomal antibody (Tm-Ab), FT4, total thyroxine (T4),
and TSH were detected using an electrochemiluminescence
immunoassay system (Cobas E602, Roche). Te normal
reference ranges were: TSH 0.27∼4.20mIU/m, FT3
3.1∼6.8 pmol/L, and FT4 12∼22 pmol/L. Te serum levels of
fasting blood glucose (FBG), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), triglyceride (TG), total cholesterol (TC), blood
urea nitrogen (BUN), creatinine (CR), and uric acid (UA)
were measured with an automatic biochemical analyzer
(Cobas c701, Roche).

2.4. Diagnostic Criteria. According to the recommendations
on MetS formulated by the Metabolic Syndrome Research
Collaborative Group of the Diabetes Society of the Chinese
Medical Association in 2016 [17], MetS can be diagnosed if
any 3 or more of the following 5 items are met: (1) central
obesity and/or abdominal obesity: waist circumference for
men≥ 90 cm and women≥85 cm. (2) Hyperglycemia:
FBG≥ 6.1mmol/L (110mg/dL) or two-hour postprandial
blood glucose≥ 7.8mmol/L (140mg/dL) or subjects were
under treatment for diabetes. (3) Hypertension: blood
pressure≥ 130/85mmHg and/or subjects were under
treatment for hypertension. (4) Fasting TG≥ 1.70mmol/L
(150mg/dL). (5) Fasting HDL-C< 1.0mmol/L (40mg/dL).
If TSH is≥ 4.2mIU/ml but FT4 is within the normal range,
SCH could be diagnosed. If TSH≤ 0.27mIU/ml but FT4 are
within the normal range, SCHyper could be diagnosed.

2.5. Statistical Methods. SPSS 20.0 statistical software was
used for data analysis. Count data were expressed as per-
centages (%) and compared with the χ2 test. Te rank data
were compared by the Wilcoxon rank-sum test. Measure-
ment data of normal distribution were expressed as
mean± SD, and a t-test was used for data comparison.
P< 0.05 indicates that the diference is statistically
signifcant.

3. Results

3.1. Basic Clinical Information. A total of 28,568 healthy
individuals were included. Tere were 12,497 males
(43.74%) (mean age, 43.51± 11.66 years) and 16,071 females
(56.26%) (mean age, 39.05± 11.23 years). According to the
diagnostic criteria of SCH and SCHyper, the study subjects
were divided into SCH (n� 3170), SCHyper (n� 158), and
normal groups (n� 25240). A detailed fow diagram of the
analysis process is presented in Figure 1.

3.2. Te Detection Rate of SCHyper, SCH, and MetS.
Among the 28,568 healthy individuals, subclinical thyroid
dysfunction was detected in 3,328 subjects, with a detection
rate of 11.64% (95% confdence interval (CI) 11.27-12.03).
SCHyper was detected in 158 subjects, with a detection rate of
0.55% (95% CI 0.48–0.63). SCH was detected in 3170 people,
with a detection rate of 11.10% (95% CI 10.72–11.47). MetS
was detected in 2444 individuals, with a detection rate of
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8.56% (95% CI 8.24–8.73). Subgroup analysis was performed
based on gender. As shown in Table 1, among the 12,497
males, 47 males had SCHyper, with a detection rate of 0.38%
(95% CI 0.29–0.48); 994 males had SCHyper, with a detection
rate of 7.95% (95% CI 7.48–8.56); and 1,961 males had MetS,
with a detection rate of 15.69% (95% CI 15.03–16.27). Among
the 16071 females, 111 individuals had SCHyper (detection
rate 0.69%, 95% CI 0.58–0.82), 2176 individuals had SCH
(detection rate 13.54%, 95% CI 13.02–14.07), and 483 in-
dividuals had MetS (detection rate 3.01%, 95% CI 2.73–3.25).
Te detection rate of SCHyper and SCH in females was
signifcantly higher than those in males (P< 0.001); however,
the detection rate of MetS in males was signifcantly higher
than that in females (P< 0.001).

3.3. Subgroup Analysis of the Detection Rate of SCHyper and
SCH Based on Gender and Age. Te subgroup analysis on
detection rate of SCHyper based on gender and age showed
that the detection rate of SCHyper in females of the age
group of 41–60 years was signifcantly higher than that in
males (P< 0.001), and there was no statistical signifcance in
other age groups between males and females (P> 0.05)
(Figure 2(a)). Te detection rate of SCHyper was statistically
diferent in diferent age groups of females (χ2 � 6.19,
P � 0.04), while that in diferent age groups of males was not
statistically diferent (χ2 � 2.90, P � 0.23).

Te subgroup analysis on the detection rate of SCH based
on gender and age revealed that the detection rate of SCH in
females of the same age groupwas signifcantly higher than that
in males of the same age group (P< 0.001) (Figure 2(b)). Te
detection rates of SCH in all three age groups were signifcantly
diferent between males and females (in males, χ2�19.34,
P< 0.001; in females, χ2�109.55, P< 0.001).

3.4. Comparison of Clinical Factors in Females of SCHyper,
SCH, and Normal Groups. According to the diagnostic
criteria of SCH and SCHyper, the females were divided into

SCH (n= 2176), SCHyper (n= 111), and normal groups
(n= 13680).Te factors of age, DBP, SBP, BMI, TPO-Ab, T3,
T4, TSH, FT4, Tm-Ab, TG-Ab, TC, TG, LDL, BUN, CR, UA,
and FBG in the female SCH group were signifcantly dif-
ferent from those in the normal group (P< 0.01)
(Figures 3(a)–3(c)). Te female SCHyper group was sig-
nifcantly diferent from the normal group in the factors of
age, T3, T4, TSH, FT3, and FT4 (P< 0.01) (Figure 3(b)).

3.5. Comparison of Clinical Factors inMales of SCHyper, SCH,
and Normal Groups. According to the diagnostic criteria of
SCH and SCHyper, the males were divided into SCH
(n= 994), SCHyper (n= 47), and normal groups (n= 11560).
As shown in Figures 3(a)–3(c), the factors of age, DBP, BMI,
TPO-Ab, T4, TSH, FT3, FT4, Tm-Ab, TG-Ab, TG, and CR in
the male SCH group were signifcantly diferent from those
in the normal group (P< 0.05). As shown in Figures 3(a) and
3(b), the body weight, BMI, FT4, and TSH of the male
SCHyper group were signifcantly diferent from those of the
normal group (P< 0.05).

3.6. Comparison of MetS, Hyperglycemia, Hyperlipidemia,
Obesity, and Hypertension between SCH Group and Normal
Group. As shown in Figures 4(a) and 4(b), compared with
the normal group, the males in the SCH group were more
prone to hyperlipidemia, obesity, and hypertension
(P< 0.05). In addition, females in the SCH group were more
likely to sufer from hyperglycemia, hyperlipidemia, obesity,
and hypertension than those in the normal group (P< 0.01).
However, there was no signifcant diference in MetS
(P> 0.05).

3.7. Comparison of MetS, Hyperglycemia, Hyperlipidemia,
Obesity, and Hypertension between the SCHyper Group and
Normal Group. Compared with SCHyper, the males in the
normal group were more likely to sufer from

Healthy individuals who underwent physical examination from January 2018 to January 2022
(n=48466)

28568 healthy individuals were enrolled in this study

Subgroup analysis of detection
rate based on gender and age

Comparison of clinical factors in males and
female of SCHyper, SCH and normal groups

Comparison of MetS, hyperglycemia, hyperlipidemia, obesity, and
hypertension between SCH, SCHyper group and normal group

The detection rates of SCH and SCHyper were different in genders and ages, MetS in males is higher than that in females.
Screening for subclinical thyroid dysfunction and MetS should be individualized according to the gender and age

1)Subjects with confirmed diagnosis of hyperthyroidism or hypothyroidism, or
had received treatment for the above diseases;
2)Subjects with severe heart/liver/kidney insufficiency, severe anemia or
malignant tumor;
3)Subjects who had no obvious symptoms and whose physical examination
results were at the critical value, but the results returned to normal after 2-3
months of follow-up;
4)Subjects who received drug therapy that may affect the detection of thyroid
function, such as propranolol, metoclopramide, glucocorticoids, etc.

Exclusion criteria (n=19898) :

1)subjects aged 18-91 years;
2)subjects had complete and reliable clinical data, including those of
thyroid function, body mass index (BMI), blood pressure, blood
glucose, blood lipids, kidney function, etc.

Inclusion criteria (n=28568):

Figure 1: Flow diagram of the analysis process.
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hyperlipidemia and obesity (P< 0.05) (Figure 5(a)). How-
ever, there was no signifcant diference between the female
SCHyper group and the normal group (P> 0.05)
(Figure 5(b)). Similarly, no signifcant diference was found
in MetS (Figures 5(a) and 5(b)).

4. Discussion

Subclinical thyroid disease is a prevalent clinical issue.
Because the majority of individuals are asymptomatic [18],
screening becomes crucial for identifying those with the
condition. Our large-scale population study revealed the
signifcant role of early screening in detecting subclinical
thyroid dysfunction and MetS.

Tis retrospective analysis found signifcantly higher
detection rates of SCHyper and SCH in females than those in
males. Te higher detection rates in females may be at-
tributed to the fact that most women in this study were
under the age of menopause (58.76%, <40 years, mean age,
31.17± 4.89). Previous research has shown a correlation
between thyroid hormones and sex hormones, as both the
secretion functions of the thyroid and gonads are regulated
by the hypothalamic-pituitary axis [19]. Estrogen levels may

have an important impact on the mechanism of SCH in
females [20]. Terefore, our study highlights the importance
of individuals, particularly females, being vigilant about their
thyroid function.

Te results of the present study demonstrated a re-
lationship between age and the detection rates of SCHyper
and SCH. Te detection rates were found to increase as age
increased. One study reported a prevalence of SCH as high as
10%, particularly among elderly women [7]. In the
United States, SCHyper afects 0.7% of the general pop-
ulation [21]. SCHyper is more prevalent among women,
older individuals, and those residing in iodine-defcient
regions. Te frequency of SCHyper increases with age,
with rates reaching up to 15.4% in patients aged 75 or older
[22, 23]. Both SCHyper and SCH have been associated with
coronary heart disease [24]. Despite some discrepancies in
screening recommendations, most guidelines support the
idea that thyroid function should be assessed in individuals
at risk for hypothyroidism, those over the age of 60, and
those with known coronary heart disease.

Liu and Chen [25] conducted a study on 58,152 healthy
individuals with subclinical hypothyroidism (SCH) in
Chongqing, China. Tey found that the prevalence of SCH

0.35

0.73

0.57

0.82

1.23

SCHyper

†

0

0.2

0.4

0.6

0.8

1

1.2

1.4

D
et

ec
tio

n 
ra

te
 (%

)

18~40 41~60
Age (years)

Male
Female

>60

0.35

(a)

7.2
8.09

11.6211.34

16.14

21.6
†

†

†

SCH

18~40 41~60
Age (years)

Male
Female

>60
0

5

10

15

20

25

D
et

ec
tio

n 
ra

te
 (%

)

(b)

Figure 2: Subgroup analysis of detection rate of SCHyper and SCH based on gender and age. (a) Detection rate of SCHyper. (b) Detection
rate of SCH. Note. Compared with males of the same age group, †P< 0.001.

Table 1: Te detection rate of SCHyper, SCH, and MetS.

Gender Number of
cases

SCHyper SCH MetS
Number of

cases detected
Detection rate
(%) (95% CI)

Number of
cases detected

Detection rate
(%) (95% CI)

Number of
cases detected

Detection rate
(%) (95% CI)

Male 12497 47 0.38 (0.29–0.48) 994 7.95 (7.48–8.56) 1961 15.69 (15.03–16.27)
Female 16071 111 0.69 (0.58–0.82) 2176 13.54 (13.02–14.07) 483 3.01 (2.73–3.25)
χ2 12.65 222.39 1446.31
P <0.001 <0.001 <0.001
Note. SCHyper, subclinical hyperthyroidism; SCH, subclinical hypothyroidism; MetS, metabolic syndrome.
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in females was 14.76%, which was signifcantly higher than
that in males (7.97%). In this study, the authors retro-
spectively analyzed the clinical data of 28,568 healthy in-
dividuals who underwent physical examinations. Among
them, 158 individuals had subclinical hyperthyroidism
(SCHyper), and 3,170 individuals had SCH. Te overall
prevalence of subclinical thyroid dysfunction was 11.64%.
Te detection rate for males was 7.95%, and for females, it
was 13.54%, which was consistent with previous reports
[26, 27]. In addition, the detection rate of metabolic syn-
drome (MetS) in males was about 5 times higher than that in
females. Tis diference may be attributed to factors such as
smoking, drinking, and a lack of exercise and dietary control
among males.

Dyslipidemia, a common feature of MetS, often mani-
fests in patients with thyroid dysfunction, particularly overt
hypothyroidism, leading to increased levels of LDL-C and
TC. Limited existing data on TG and HDL-C show varied
results in euthyroid subjects [28]. Results for SCH are mostly
inconclusive, with some studies [29] demonstrating no
diference in HDL-C and TG, while others [30] show ele-
vated values in subclinical forms. In this study, the female
SCH group had signifcantly higher levels of TC, TG, and
LDL than the normal group, while the male SCH group had
signifcantly higher TG levels. However, there was no dif-
ference in HDL-C levels between the SCH and normal
groups for both males and females. Tyroid hormones may
disrupt lipid metabolism pathways, particularly in
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Figure 3: Comparison of clinical factors in males and females of SCHyper, SCH, and normal groups. (a) Baseline data results in male and
female. (b)Tyroid function results in male and female. (c) Blood lipid, kidney function, and FBG result in male and female. Note. Diastolic
blood pressure (DBP), systolic blood pressure (SBP), body mass index (BMI), thyroid peroxidase antibody (TPO-Ab), triiodothyronine
(T3), total thyroxine (T4), thyrotropin (TSH), free triiodothyronine (FT3), free thyroxine (FT4), thyroid microsomal antibody (TMTm-Ab),
thyroglobulin antibody (TG-Ab), total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), blood urea nitrogen (BUN), creatinine (CR), uric acid (UA), and fasting blood glucose (FBG). Compared
with normal group, †P< 0.001, #P< 0.01, ∗P< 0.05.
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hypothyroidism [31]. Increased TG levels in hypothyroidism
are attributed to normal or reduced activity of lipoprotein
lipase in adipose tissue and decreased hepatic lipase activity
[32]. SCH may afect blood lipids by reducing thyroid
hormone levels, leading to increased TC synthesis and de-
creased conversion of TC to bile acids, vitamin D, and
steroid hormones [33]. Furthermore, the coexistence of
subclinical thyroid dysfunction with other biochemical

abnormalities, such as oxidative stress and insulin resistance,
can contribute to dyslipidemia through a vicious cycle
[34, 35].

In the present study, we observed that the BMIs of the
male and female SCH groups were signifcantly higher than
those of the normal group. Moreover, our study demon-
strated that the SCH group was more likely to sufer from
hyperlipidemia and obesity in males and females. Tyroid
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Figure 4: Comparison of MetS, hyperglycemia, hyperlipidemia, obesity, and hypertension between SCH group and normal group.
(a) Results in males. (b) Results in females. Compared with normal group, †P< 0.001, #P< 0.01, ∗P< 0.05.
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Figure 5: Comparison of MetS, hyperglycemia, hyperlipidemia, obesity, and hypertension between SCHyper group and normal group.
(a) Results in males. (b) Results in females. Compared with normal group, ∗P< 0.05.
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dysfunction is reported to afect BMI [36]. Te higher TSH
levels could be related to obesity rather than a true hypo-
thyroid state, which could explain the lack of association
with MetS in females. Serum TSH values in subclinical
thyroid dysfunction, even within the normal ranges, were
associated with BMI. Tyroid hormones have been dem-
onstrated to directly induce the expression of 3-hydroxy-3-
methylglutaryl coenzyme A (HMG-CoA) reductase in the
hepatocyte [37]. Given that the HMG-CoA reductase has
been considered a rate-limiting enzyme in LDL-C synthesis
[38], suggesting that SCH is associated with an increased risk
of hyperlipidemia. Although there is still no conclusion,
more and more research results have shown that subclinical
thyroid dysfunction is not conducive to the metabolism of
blood lipid and blood glucose; that is, SCH has a certain
correlation with MetS [39, 40]. Conversely, it was noted that
the BMI of the male SCHyper group was lower than that of
the normal group, and the normal group was more likely to
sufer from hyperlipidemia and obesity than the SCHyper
group. Regarding SCHyper states, we have observed a lower
occurrence of MetS than expected, considering its associa-
tion with the relative hypermetabolic state.

In addition, this study found that SCH was closely re-
lated to TPO-Ab, Tm-Ab, and TG-Ab. Several studies have
shown that the thyroid autoantibodies are indicative of the
early symptom of abnormal thyroid function [41–43],
suggesting that there may be thyroid autoimmune diseases
such as chronic lymphocytic thyroiditis and difuse goiter
with hyperthyroidism (Graves’ disease). Screening and in-
tervention of thyroid autoantibodies may help reduce the
occurrence and development of thyroid diseases.

In the early stage of abnormal thyroid function, FT3 and
FT4 are within the normal range, but TSH, as the most
sensitive indicator of thyroid function, may have changed
several times or even dozens of times [44]. Te heart is the
target organ of thyroid hormones. Te relationship of
subclinical thyroid dysfunction with cardiovascular/cere-
brovascular diseases and blood pressure has attracted much
attention. Tis study showed that the SBP and DBP of the
female SCH group were signifcantly higher than those of the
normal group, and the DBP of the male SCH group was
signifcantly higher than that of the normal group. Fur-
thermore, it was also observed that the SCH group was more
prone to hypertension than the normal group in both males
and females. Te SCH may regulate blood pressure by
impairing ventricular relaxation and flling and afecting
vascular smooth muscle cells, resulting in decreased vascular
elasticity [45]. However, in this study, the SCHyper was not
related to any blood pressure, which may be because FT3
and FT4 are within the normal range and TSH is lower than
the normal level. Te specifc mechanism needs
further study.

In this study, it was also observed that subjects in the
SCH group had abnormal kidney function. Te BUN, CR,
and UA in the female SCH group were signifcantly higher
than those in the normal group, and the CR in the male SCH
group was also signifcantly higher than that in the normal
group. Tis may be due to the relative lack of thyroid
hormones in the subjects of the SCH group, which may

further reduce systemic metabolic levels, and cause the
retention of water and sodium between tissues, and the
reduction of kidney blood fow [46, 47]. On the other hand,
in this study, the FBG was only signifcantly increased in the
female SCH group than in the normal group, but this was
not observed in the male SCH group and the male and
female SCHyper groups. Tis may be due to the weak re-
lationship between subclinical thyroid dysfunction and
blood glucose.

5. Conclusions

In conclusion, attention should be paid to subclinical thyroid
dysfunction in elderly people, especially females. Early in-
dividualized screening and early intervention should be
carried out for individuals with metabolic abnormalities to
reduce the damage to target organs caused by subclinical
thyroid dysfunction. However, the strength of the current
study is a large population-based survey in an iodine-
sufcient area. Te limitation of this study is a single-
centre retrospective analysis. Further prospective studies
are needed to confrm the results.
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[45] M. S. Pandrc, A. Ristić, V. Kostovski, J. Milin-Lazović, and
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