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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Galectin-3, a [-galactoside-binding lectin,
is involved in fibrosis, inflammation, and carcinogenesis,
and has been proposed as a biomarker in thyroid
diseases. This study evaluated serum Galectin-3 levels in
patients with hypothyroidism and hyperthyroidism and
explored its association with thyroid function parameters.
Materials and Methods: A cross-sectional analytical study
was conducted on 96 participants categorized into three groups:
hypothyroid (n=34), hyperthyroid (n=36), and euthyroid controls
(n=26). Serum Galectin-3, TSH, and FT4 levels were measured
using ELISA and standard biochemical methods. Data were
analysed using SPSS software. ANOVA, t-tests, and Pearson
correlation were applied to assess statistical significance and
associations.

Results: Mean serum Galectin-3 levels were significantly
higher in both hypothyroid and hyperthyroid patients compared
with euthyroid controls (p < 0.01). However, no statistically
significant difference was observed between the hyperthyroid
and hypothyroid groups. Pearson correlation analysis
demonstrated a significant negative correlation between FT4
and TSH (r=-0.428, p <0.01), while no significant correlations
were identified between Galectin-3 and FT4, TSH, or age.
Chi-square analysis showed a significant association between
thyroid disease category and Galectin-3 level groups (p=0.047).
Conclusion: Elevated Galectin-3 levels are associated with
thyroid dysfunction in general but do not distinguish between
hyperthyroidism and hypothyroidism. Therefore, Galectin-3
may reflect underlying inflammatory or fibrotic activity rather
than serve as a differential diagnostic biomarker between
thyroid functional states.

Key words. ELISA,
hypothyroidism.

Galectin-3,  hyperthyroidism,

Introduction.

Hypothyroidism and hyperthyroidism are prevalent thyroid
disorders that disrupt metabolic processes due to imbalances
in thyroid hormone production [1,2]. Hypothyroidism,
characterized by insufficient hormone production, leads to
a slowdown in bodily functions [2], while hyperthyroidism,
marked by excessive hormone production, accelerates metabolic
activities [1]. Both conditions can significantly impact overall
health and require appropriate medical management.

Galectin-3 is a B-galactoside-binding lectin involved in various
biological processes, including cell proliferation, apoptosis,
and immune responses. Its role in thyroid pathophysiology,
particularly in autoimmune thyroid diseases and neoplasms, has
garnered significant research interest [3].

A study by Ates et al. evaluated serum Galectin-3
concentrations in 46 patients with hypothyroidism compared to
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37 healthy controls. The results indicated significantly elevated
Galectin-3 levels in hypothyroid patients (median 2.89 ng/
mL) versus controls (median 1.95 ng/mL, p = .001). Moreover,
positive correlations were observed between Galectin-3 and
TSH, anti-thyroglobulin, and triglyceride levels, while negative
correlations existed with free T3 and free T4 levels. These
findings suggest that increased Galectin-3 may contribute to
thyroid gland hyperplasia and associated metabolic disturbances
in hypothyroidism [4].

While direct studies on Galectin-3 levels in hyperthyroid
patients are limited, its role in autoimmune thyroid diseases
like Graves' disease has been explored. Elevated Galectin-3
levels have been associated with inflammatory processes in the
thyroid, potentially influencing disease progression and severity.
However, more targeted research is necessary to elucidate its
specific role in hyperthyroid conditions [5].

Beyond functional thyroid disorders, Galectin-3 has been
extensively studied in thyroid neoplasms.

Its overexpression is noted in malignant thyroid tissues,
particularly papillary thyroid carcinoma (PTC). A meta-analysis
demonstrated that Galectin-3 is a highly sensitive marker for
PTC diagnosis, with higher expression rates in patients with
lymph node metastasis, indicating its potential prognostic value
[6].

Additionally, combining Galectin-3 with other markers like
cytokeratin 19 (CK-19) and Hector Battifora mesothelial cell-1
(HBME-1) enhances diagnostic accuracy. For instance, a meta-
analysis reported that Galectin-3 had a pooled sensitivity of
84.2% and specificity of 83.3% for PTC diagnosis, with an area
under the curve (AUC) of 0.9128, indicating high diagnostic
performance [5].

Galectin-3 emerges as a significant biomarker in thyroid
pathology. Its elevated levels in hypothyroidism and potential
involvement in hyperthyroid conditions underscore its relevance
in autoimmune thyroid diseases. Furthermore, its diagnostic
and prognostic utility in thyroid neoplasms, especially PTC,
highlights its broader clinical significance. Future research
should focus on longitudinal studies to validate these findings
and explore therapeutic implications.

This study aimed to evaluate the association between
Galectin-3 levels and thyroid function (TSH and free T4) in
patients with hypothyroidism and hyperthyroidism and explore
the potential of Galectin-3 as a biomarker for differentiating
between hypothyroidism and hyperthyroidism.

Materials and Methods.

This cross-sectional case—control study was conducted at
Thumbay Hospital, Ajman, UAE, between January and June
2025 to evaluate the association between serum galectin-3
levels and thyroid function in patients with hypothyroidism and
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hyperthyroidism. A total of 96 adults aged 19-65 years were
enrolled and subclassified into three groups: healthy controls
(n = 26), patients with overt hypothyroidism (n = 34), and
patients with overt hyperthyroidism (n = 36). Hypothyroidism
was defined by elevated thyroid-stimulating hormone (TSH >
5.6 mIU/L) with reduced free thyroxine (FT4 < 9.01 pmol/L),
while hyperthyroidism was defined by suppressed TSH (<
0.34 mIU/L) with elevated FT4 (> 19.05 pmol/L). Participants
with pregnancy, malignancy, chronic liver or kidney disease,
autoimmune or systemic inflammatory disorders, previous
thyroidectomy or radioactive iodine therapy, or medications
affecting thyroid function or galectin-3 levels were excluded.
Venous blood samples were collected into serum separator tubes,
allowed to clot at room temperature, centrifuged at 4000 rpm for
10 minutes, and sera were stored at —80 °C until analysis. Serum
TSH and FT4 concentrations were measured using an automated
Chemiluminescence immunoassay (CLIA) analyzer (Beckman
Coulter DxI 800, Brea, CA, USA), with analytical ranges of
0.006-33.80 mIU/L and 3.47-65.77 pmol/L, respectively,
and intra- and inter-assay coefficients of variation below 9%.
Serum galectin-3 levels were quantified using a commercially
available enzyme-linked immunosorbent assay (ELISA) kit
(Human Galectin-3 ELISA, eBioscience, Franklin Lakes, NJ,
USA), with an analytical range of 0.47-30 ng/mL, a detection
limit of 0.29 ng/mL, and intra- and inter-assay coefficients of
variation below 12% and 10%, respectively. Statistical analysis
was performed using one-way ANOVA, independent samples
t-tests, Pearson correlation, and Chi-square tests. Results were
expressed as mean + standard deviation, and a p-value < 0.05
was considered statistically significant. Ethical approval was
obtained from the Institutional Review Board of Gulf Medical
University, and written informed consent was signed by all
participants.

Results.

The study included 96 patients, categorised into three groups:
36 patients in the Study group, indicating hyperthyroidism, 34
patients in the hypothyroidism group, indicating hypothyroidism,
and 26 patients in the control group, comprising all healthy
individuals. All individuals recruited for the study were between
the ages of 21 and 60. The two groups were age-matched
(p-value = 0.166) and gender-matched (p-value = 0.281).
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Figure 1 illustrates the distribution of thyroid disease by gender.
Among male participants, 25 (26.04%) had hyperthyroidism,
19 (19.79%) had hypothyroidism, and 19 (19.79%) were in
the normal control group. Among females, hypothyroidism
was more common (15.63%), followed by hyperthyroidism
(11.46%) and normal status (7.29%). This suggests a gender
difference in disease prevalence, with males more frequently
affected by hyperthyroidism and females by hypothyroidism.

The highest frequency of disease occurred in the 26—45-year
age group, with 22 hyperthyroid (22.92%), 20 normal (20.83%),
and 17 hypothyroid cases (17.71%). The second most affected
group was aged 46—65 years. Minimal cases were observed in
individuals under 25 or over 66 years. This distribution suggests
thyroid disorders are most prevalent in early to mid-adulthood.

Figure 2 shows that the majority of hyperthyroid patients (35
out of 36; 97.2%) exhibited elevated FT4 levels, falling into the
high FT4 category, consistent with the expected biochemical
profile of hyperthyroidism. In contrast, most hypothyroid
patients (23 out of 34; 67.6%) had FT4 levels within the
normal range, while 10 patients (29.4%) showed low FT4
values, reflecting the variability often seen in hypothyroid
states. Nearly all individuals in the control group (25 out of
26; 96.2%) had FT4 levels within the normal range, indicating
accurate classification. These distributions support the expected
hormonal patterns across the groups, with elevated FT4 in
hyperthyroidism, reduced FT4 in hypothyroidism, and stable
normal FT4 values among controls.

Figure 3 illustrates that the majority of hypothyroid patients
(29 out of 34; 85.3%) exhibited elevated TSH levels, while most
hyperthyroid patients (31 out of 36; 86.1%) had suppressed
TSH values, reflecting the typical hormonal profiles associated
with these conditions. In the control group, TSH levels were
predominantly within the normal range (24 out of 26; 92.3%),
indicating appropriate classification. This strong alignment
between clinical diagnosis and TSH levels reinforces the
reliability of the group categorization used in this study. The
clear bimodal distribution of TSH between hypothyroid and
hyperthyroid patients highlights the continued diagnostic utility
of TSH and supports the internal consistency and validity of the
dataset.

Figure 4 illustrates the distribution of Galectin-3 levels (low,
normal, high) by disease group. The majority of hyperthyroid
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Figure 1. Distribution of thyroid disease types by gender, age, disease status.
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Figure 2. Bar chart showing the distribution of disease status by FT4, TSH, and Galectin-3 values.
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e



1.50

1.00

.50

TSH

® Observed
= Linear

.00
25.00 30.00 35.00 40.00

45.00 S0.00 55.00

Galectin-3
Figure 4. Scatter Plot Showing the Linear Relationship Between Galectin-3 and TSH Levels.

Table 1. Comparison between FT4, TSH, Galectin-3, and Age Across Thyroid Functional Groups (Normal, Hypothyroid, and Hyperthyroid).

Parameter Source Mean Square F-value Sig. (p-value)
Between Groups 2186.862 39.229

FT4 o <0.001 ***
Within Groups 55.747
Between Groups 171.870 1.065

A 0.34

ge Within Groups 161.358 ?

Between Groups 3565.466 44.290

TSH o <0.001 ***
Within Groups 80.502

. Between Groups 112.734 6.670 -

Galectin-3 Within Groups 16.903 0.002

- ¥ <0.001 = highly significant

- ¥ < 0.01 = significant

Table 2. Relationships Among FT4, TSH, Galectin-3, and Age.
FT4 Age TSH Galectin-3

FT4 1 0.027 -0.428** 0.042

Age 0.027 1 0.075 0.143

TSH -0.428** 0.075 0.07 0.02

Galectin-3 0.042 0.143 0.102 1

Note: p < 0.05 for the significant correlation between FT4 and TSH.

** Correlation is significant at the 0.01 level (2-tailed).

Table 3. The association between Galectin-3 level groups and thyroid disease type.

Test Value df p-value

Pearson Chi-Square 9.660 4 0.047

Likelihood Ratio 10.052 4 0.040

Linear-by-Linear Association 4.758 1 0.029

P-value <0.005 indicates statistical significance.

(36.46%) and hypothyroid (35.42%) patients had high Galectin-3
levels. In contrast, only 22.92% of normal individuals had
high Galectin-3. This further supports the association between
elevated Galectin-3 and thyroid dysfunction.

Table 1 displays the mean values of FT4, TSH, Galectin-3, and
age among male and female patients with hyperthyroidism and
hypothyroidism. The table shows that FT4 levels were elevated
in hyperthyroid patients across both genders, while TSH levels
were markedly increased in individuals with hypothyroidism.
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Galectin-3 levels appeared slightly higher in hyperthyroid
patients, though overall variability was limited. Additionally,
the age distribution showed minimal differences among the
study groups.

To compare the means of FT4, TSH, Galectin-3, and Age
across normal, hyperthyroid, and hypothyroid groups, one-way
ANOVA was conducted (Table 2)

Statistical analysis revealed significant differences in FT4
levels among the groups (p < 0.001), aligning with the expected



hormonal variations between hypothyroid and hyperthyroid
states. TSH levels also differed significantly (p < 0.001), further
supporting the validity of the diagnostic groupings. Additionally,
Galectin-3 levels showed a statistically significant difference
across the groups (p = 0.002), suggesting a possible association
between Galectin-3 expression and thyroid dysfunction. In
contrast, age did not exhibit a significant difference between
groups (p = 0.349), indicating that age is unlikely to be a
confounding factor in the observed biochemical patterns. The
Tukey HSD test was applied to identify pairwise differences
between the normal, hypothyroid, and hyperthyroid groups for
FT4, TSH, and Galectin-3 levels (Table 3).

These results show that FT4 and TSH levels vary significantly
across groups, as expected. Galectin-3 levels were markedly
higher in both hyperthyroid and hypothyroid groups compared
to normal, suggesting its potential role as a general biomarker
for thyroid dysfunction. However, Galectin-3 levels did not
significantly differ between hyperthyroid and hypothyroid
patients. An independent samples t-test was performed
to compare means between the normal and hyperthyroid
groups for Age, FT4, TSH, and Galectin-3.FT4 levels were
significantly higher in the hyperthyroid group compared with
controls (control minus hyperthyroid mean difference =—11.32,
p <0.001), indicating markedly elevated FT4 concentrations in
hyperthyroidism.

This analysis further supports the trend observed in previous
tests. FT4 is significantly lower, and TSH is considerably higher
in hypothyroid patients. Galectin-3 is also significantly elevated
compared to the normal group, reinforcing its association with
thyroid dysfunction. As with the comparison of hyperthyroidism,
age differences between groups were not statistically significant.

Pearson correlation analysis demonstrated a significant
negative correlation between FT4 and TSH (r = —0.428, p
< 0.01), indicating physiological feedback regulation. No
statistically significant correlations were identified between
Galectin-3 and FT4, TSH, or age, which is consistent with the
weak correlation coefficients observed.

To examine the association between Galectin-3 level
groups (low, normal, high) and thyroid disease type (normal,
hyperthyroid, hypothyroid), a chi-square test was conducted.

The chi-square test demonstrated a statistically significant
association between disease type and Galectin-3 group (2
= 9.660, p = 0.047), suggesting that thyroid disease status is
related to Galectin-3 level. Most disease cases, particularly
hyperthyroid and hypothyroid, were associated with high
Galectin-3 levels.

High Galectin-3 levels were prevalent across all study groups,
with particularly high frequencies observed in hyperthyroid
(97.2%; 35 out of 36) and hypothyroid patients (100%; 34 out
of 34). Among euthyroid individuals, 84.6% (22 out of 26) also
exhibited elevated Galectin-3 levels, while a small number had
normal (3 patients) or low (1 patient) levels. Notably, none of the
hypothyroid patients had Galectin-3 levels within the normal or
low range. Overall, only 2 patients (2.1%) in the entire sample
had low Galectin-3 levels, and just 3 patients (3.1%) fell within
the normal range. These findings suggest a strong trend toward
elevated Galectin-3 expression in both thyroid dysfunction and,
to a lesser extent, in euthyroid individuals.
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The average age of male participants was slightly lower
than that of females. TSH and FT4 values were similar across
genders, while Galectin-3 levels showed a small increase in
females.

These summaries align with earlier inferential statistics.
Hyperthyroid patients had the highest FT4 and lowest TSH
levels, while hypothyroid patients had markedly elevated TSH.
Both disease groups exhibited higher Galectin-3 concentrations
compared to the normal group, reaffirming Galectin-3's potential
role as a marker in thyroid dysfunction.

These detailed case summaries support the statistical
findings and add context by showing consistent patterns across
demographic and clinical variables.

A scatter plot with a fitted linear regression line was constructed
to explore the relationship between Galectin-3 levels and TSH
concentrations. As shown in Figure 4, the data reveal a positive
linear association between the two variables. While most data
points cluster around lower Galectin-3 and TSH values, a
noticeable upward trend is evident. This suggests that increased
Galectin-3 levels may be associated with elevated TSH, which
supports the hypothesis that Galectin-3 plays a role in thyroid
dysfunction, particularly in hypothyroid states where TSH is
typically elevated. However, the presence of some variability
implies that other regulatory mechanisms may also influence
this relationship.

Discussion.

The present study investigated serum levels of free thyroxine
(FT4), thyroid-stimulating hormone (TSH), and Galectin-3 in
patients diagnosed with hyperthyroidism and hypothyroidism,
with additional consideration of gender-related differences. The
results revealed statistically significant differences in FT4 and
TSH levels across the disease groups (p < 0.001), reaffirming
well-established endocrine patterns associated with thyroid
dysfunction. Specifically, patients with hyperthyroidism
exhibited elevated FT4 levels due to increased thyroid hormone
production, while those with hypothyroidism showed suppressed
FT4 levels consistent with decreased thyroid gland activity.
Conversely, TSH levels were markedly elevated in hypothyroid
individuals as a compensatory response by the pituitary gland
to low circulating thyroid hormone levels and significantly
suppressed in hyperthyroid patients due to negative feedback
from excessive hormone levels.

These hormonal profiles reflect the fundamental physiological
mechanisms underlying thyroid regulation and serve as a
validation of the diagnostic accuracy and classification used
in this study. Furthermore, these findings are in line with
previous research, such as that by Biondi and Cooper (2008),
who detailed the biochemical and clinical features of thyroid
dysfunction, and the clinical guidelines outlined by Garber et al.
(2012), which emphasize the diagnostic role of TSH and FT4
measurements in thyroid disease. The consistency of the current
results with the broader literature supports the reliability of the
data and supports the use of these biomarkers in the clinical
evaluation and differentiation of thyroid disorders [7,8].

Importantly, Galectin-3 also demonstrated a statistically
significant variation among the study groups (p = 0.002),
highlighting its potential relevance in the context of thyroid



disease beyond malignancy. While Galectin-3 is most widely
recognized as a diagnostic marker for thyroid carcinoma—
particularly in distinguishing malignant from benign thyroid
nodules—it is increasingly being explored for its role in non-
neoplastic thyroid conditions. In this study, elevated Galectin-3
levels were observed in both hyperthyroid and hypothyroid
patients compared to the control group, suggesting that this
protein may reflect broader pathological processes associated
with thyroid dysfunction.

Galectin-3 is a multifunctional B-galactoside-binding lectin
involved in a wide range of biological activities, including
the regulation of cell proliferation, apoptosis inhibition,
angiogenesis, tissue fibrosis, and immune system modulation.
Its expression is known to increase in response to cellular stress
and inflammation, which are common features in autoimmune
thyroid diseases such as Hashimoto’s thyroiditis and Graves’
disease. The protein’s involvement in tissue remodelling and
fibrosis also suggests a role in chronic thyroid inflammation
and long-standing hormonal imbalance. Studies by Yang et
al. (2008) and Liu et al. (2012) have further emphasized the
role of Galectin-3 in inflammatory signalling pathways and its
ability to influence the immune response, which may contribute
to thyroid tissue alteration even in the absence of malignancy.

These findings support the hypothesis that Galectin-3 could
serve not only as a marker for malignancy but also as a potential
indicator of inflammatory or autoimmune activity in thyroid
disorders. Therefore, its clinical application may extend into
the diagnostic and prognostic assessment of benign thyroid
dysfunction, meriting further investigation in future longitudinal
and mechanistic studies [9,10].

The elevated Galectin-3 levels observed in both the
hyperthyroid and hypothyroid groups—particularly with slightly
higher values noted in hyperthyroid patients—may indicate
the presence of underlying subclinical inflammatory activity
or tissue remodeling processes within the thyroid gland. This
finding is consistent with the emerging view that Galectin-3 is
not only a marker of malignancy but also plays a broader role in
the pathophysiology of benign thyroid disorders. Inflammatory
processes, extracellular matrix remodelling, and fibrosis are
common in autoimmune thyroid diseases such as Hashimoto’s
thyroiditis and Graves’ disease, both of which can occur
alongside hypothyroid and hyperthyroid states, respectively.
Galectin-3’s known involvement in these biological processes—
especially its roles in promoting fibrosis, inhibiting apoptosis,
and modulating immune responses—suggests that its elevated
serum levels may reflect ongoing immune-mediated damage or
repair mechanisms within thyroid tissue, even in the absence of
neoplasia.

This interpretation is supported by prior research. Bartolazzi et
al. (2001) demonstrated that Galectin-3 expression is frequently
elevated in thyroid tissues undergoing pathological changes,
including inflammation and fibrosis, regardless of malignant
transformation. More recently, Kim et al. (2021) reported
associations between Galectin-3 and the degree of fibrotic
remodelling in autoimmune thyroiditis, proposing it as a possible
marker of chronic tissue injury. Together, these studies suggest
that Galectin-3 may serve as a sensitive indicator of subclinical
thyroid damage or immune activity and could have diagnostic or
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prognostic value in monitoring disease progression or treatment
response in thyroid dysfunction [11,12].

Interestingly, the analysis revealed no statistically significant
difference in age among the study groups (p = 0.349), suggesting
that age is not a confounding variable in the observed variations
in serum Galectin-3, FT4, or TSH levels. This is a remarkable
finding, as it implies that the changes in Galectin-3 levels are
more likely attributable to thyroid functional status rather
than to age-related physiological or metabolic alterations.
Since aging is known to influence endocrine function and
inflammatory markers in general, ruling out its effect in this
context strengthens the association between Galectin-3 and
thyroid dysfunction itself.

This observation supports the growing body of evidence that
Galectin-3 is more than just a marker for thyroid malignancy.
Traditionally recognized for its role in identifying thyroid
carcinoma, Galectin-3 is now being explored as a potential
biomarker in non-neoplastic thyroid conditions. The findings
from this study contribute to that evolving perspective by
showing that Galectin-3 levels are elevated even in functional
thyroid disorders such as hyperthyroidism and hypothyroidism,
independent of age. This raises the possibility that Galectin-3
could serve as a supplementary tool in the clinical evaluation of
thyroid disease, potentially aiding in the assessment of disease
activity or severity alongside conventional thyroid function
tests.

However, to fully establish Galectin-3’s clinical relevance
in benign thyroid pathology, further research is warranted.
Future studies should involve larger, more diverse cohorts and
incorporate correlations with histopathological findings, thyroid
imaging (such as ultrasound or scintigraphy), and clinical
outcomes.

Such investigations could provide deeper insights into the
pathophysiological mechanisms linking Galectin-3 to thyroid
tissue changes and help define its role as a diagnostic or
prognostic biomarker in routine clinical practice.

Limitations.

A key limitation of this study is the absence of thyroid
autoantibody measurements, including anti-thyroid peroxidase
(anti-TPO) and anti-thyroglobulin (anti-Tg) antibodies. Since
Galectin-3 is closely associated with inflammatory and fibrotic
processes, correlating Galectin-3 levels with antibody titers
would have provided important insight into whether the observed
elevation reflects autoimmune activity, tissue remodeling, or
other non-immune mechanisms. Consequently, conclusions
regarding the underlying pathophysiological pathways remain
speculative and should be interpreted with caution. In addition,
the cross-sectional design and relatively modest sample size
limit causal inference and generalizability. Future longitudinal
studies with larger cohorts, antibody profiling, and imaging
or histopathological correlations are recommended to better
clarify the clinical and mechanistic significance of Galectin-3
in thyroid dysfunction.

Conclusion.

This study found that Galectin-3 levels were noticeably higher
in both hypothyroid and hyperthyroid patients compared to
healthy individuals, suggesting that this protein could be a



useful marker for detecting thyroid dysfunction. Its consistent
elevation across both disease types points to a broader role
in thyroid pathology, possibly linked to inflammation or
autoimmune activity that often accompanies these conditions.

While Galectin-3 has already been recognized for its role in
cancer and heart disease, its potential use in thyroid disorders
is a newer and exciting development. These findings add to
growing evidence that Galectin-3 may support traditional
thyroid tests, especially in cases where diagnosis is uncertain
or when a deeper understanding of disease activity is needed.

That said, this was a cross-sectional study with a relatively
small sample size, so more research is needed to confirm these
results. Future studies should follow patients over time to see how
Galectin-3 levels change with disease progression or treatment.
It would also be valuable to explore the biological mechanisms
behind Galectin-3’s involvement in thyroid disorders to better
understand how it might be used in clinical practice.

In summary, Galectin-3 shows real promise as a diagnostic
and possibly even a prognostic tool in managing thyroid disease.
With further research, it could become a valuable part of how
we understand and treat thyroid conditions.
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