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Summary 

Background: The clinical utility of galectin-3 and fibroblast
growth factor 23 (FGF-23) needs to be further explored
since previous studies show divergent results in relation to
type 2 diabetes (T2D) and cardiovascular risk. Hence, the
aim of this research was to explore galectin-3 and FGF-23
in relation to T2D, as well as to examine the potential asso-
ciation of these biomarkers with atherosclerotic
cardiovascular disease (ASCVD) risk score in Montenegrin
adults.
Methods: A total of 35 T2D patients and 36 controls were
consecutively enrolled. Serum galectin-3 and FGF-23 were
determined by ELISA. The ASCVD risk score was calculat-
ed.
Results: Higher serum galectin-3 levels were shown in T2D
patients (p=0.016) in comparison with the control group.
The increase in galectin-3 levels for 1 ng/mL showed an
8.5% higher probability of T2D occurrence (OR=1.085,
p=0.015). FGF-23 levels did not differ between the control
and the T2D group. Serum galectin-3 correlated with FGF-
23 (r=0.390, p=0.001). Both galectin-3 (r=0.306,
p=0.010) and FGF-23 (r=0.332, p=0.005) correlated
with ASCVD risk score in bivariate Spearman’s correlation
analysis, but these correlations were not retained in binary
logistic regression analysis.
Conclusions: Serum galectin-3 levels but not FGF-23 are
higher in T2D patients. Serum galectin-3 correlated with
FGF-23. Although both biomarkers were correlated with

Kratak sadr`aj

Uvod: Klini~ka primena galektina-3 i fibroblastnog faktora
rasta-23 (FGF-23) zahteva dodatna istra`ivanja s obzirom da
su dosada{nje studije pokazale opre~ne rezultate u odnosu na
dijabetes tip 2 i kardiovaskularni rizik. S tim u vezi, cilj ovog
istra  ̀ ivanja je bio da ispita galektin-3 i FGF-23 kod pacijenata
sa dijabetesom tip 2, kao i da se ispita potencijalna poveza -
nost ovih biomarkera sa skorom atero sklerotskog kardio -
vaskularnog rizika (ASCVD) u adultnoj crnogorskoj populaciji.
Metode: Ukupno 35 pacijenata obolelih od dijabetesa i 36
ispitanika koji su ~inili kontrolnu grupu su konsekutivno
uklju~eni u istra`ivanje. Serumske vrednosti galektina-3
and FGF-23 su merene ELISA metodom. ASCVD skor
rizika je izra~unat.
Rezultati: Ve}e serumske vrednosti galektina-3 su zabe le ̀ e -
ne kod pacijenata obolelih od dijabetesa tip 2 (p=0,016) u
pore|enju sa kontrolnom grupom. Porast nivoa galektina-
3 za 1 jedinicu pokazao je 8,5% ve}u vjerovatno}u za po -
javu dijabetesa (OR=1,085, p=0,015). Vrednosti FGF-23
se nisu razlikovale me|u ispitivanim grupama. Se rum ske
vrednosti galektina-3 su korelirale sa FGF-23 (r= 0,390,
p=0,001). I galektin-3 (r=0,306, p=0,010) i FGF-23
(r=0,332, p=0,005) su korelirali sa ASCVD sko rom rizika
u Spearman-ovoj korelacionoj analizi, ali ove ko relacije
nisu zadr`ane u binarnoj logisti~koj regresionoj analizi.
Zaklju~ak: Serumske vrednosti galektina-3, ali ne i FGF-23
su ve}e kod pacijenata obolelih od dijabetesa tip 2.
Serumske vrednosti galektina-3 su korelirale sa FGF-23.
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Introduction 

Diabetes mellitus is the most prevalent chronic
disease worldwide. It is estimated that nearly 537 mil-
lion adults have diabetes and this number is expected
to increase up to 643 million by 2030 (1). Nearly
90% of all diabetes cases are with type 2 diabetes
(T2D) (2).

Cardiovascular disease (CVD) is the main cause
of mortality and morbidity in individuals with diabetes
(3). 

Given the fact that T2D and CVD participate in
common pathophysiological mechanisms, it is impor-
tant to investigate novel inflammatory biomarkers in
order to enable clearer insight into the multifactorial
pathological processes of such chronic diseases (3–
5). These biomarkers could also provide a more reli-
able tool for the assessment of CVD risk in T2D
patients (3–5).

In Montenegro, T2D is the third most frequent
cause of years of life lived with disability, whereas
CVD is the leading cause of death (6). However, the
lack of CVD risk assessment services are among the
most prominent drawbacks in the primary care setting
in Montenegro (6).

The estimation of the probability of an individual
experiencing a major cardiovascular (CV) event in the
next ten years, i.e. the calculation of CV risk score by
validated algorithms, has shown to be one of the most
valuable preventive strategies in adults, in order to
make prompt therapeutic decisions (7). Although
there are several scores that have been validated in
different ethnic groups, the ASCVD risk algorithm was
shown to increase the accuracy of predicting CV
events, and it makes the choice of strategies easier to
adopt in primary prevention, according to the
American College of Cardiology (ACC) and American
Heart Association (AHA) guidelines (7). In line with
this, it was shown that subjects with ASCVD equal or
higher than 7.5% had a 2-fold higher likelihood of
dying due to CVD in comparison with those at low risk
after a follow-up of 17.7 years (8).

Galectin-3 and fibroblast growth factor 23 (FGF-
23) are two biomarkers involved in processes of
inflammation and fibrosis (9). Galectin-3 is a 35 kDa
protein and a part of the lectin family. It exhibits a
wide diversity of properties, such as cellular adhesion,
cellular growth, differentiation, proliferation, and
apoptosis. It is also involved in atherosclerosis, by

inducing proliferation and migration of endothelial
cells and promoting chemoattraction of monocytes
and macro phages, and clearance of neutrophils (10).

FGF-23 is a hormone secreted mainly by osteo-
cytes and osteoblasts. It is a 32 kDa glycoprotein.
Kidneys are the primary site of its action where it
inhibits both, the reabsorption of phosphate and syn-
thesis of 1,25-dihydroxyvitamin D (calcitriol). FGF-23
needs co-factor, klotho to exert its effects on the
kidney and favors excessive discharge of phosphates in
the urine. It exerts direct influence on the heart in a
klotho-independent manner, thus contributing to the
endothelial dysfunction and atherogenesis (11, 12). 

However, the clinical utility of these biomarkers
needs to be further explored, since previous studies
show divergent results of galectin-3 (13–17) and
FGF-23 (11, 18–20) in relation to parameters of glu-
cose homeostasis (i.e., insulin resistance and glycated
hemoglobin) and T2D. Moreover, although the
majority of studies pointed out the significance of
galectin-3 in CV setting (21), as for the FGF-23 the
findings are rather controversial (12, 22, 23). 

To the best of our knowledge, there are no stud-
ies that investigated galectin-3 and FGF-23 in relation
to ACSVD risk in individuals with T2D. Hence, the
aim of this research was to explore serum galectin-3
and FGF-23 in relation to T2D, as well as to examine
the potential association of these biomarkers with
ASCVD risk score in Montenegrin adults.

Materials and Methods 

Patients

A total of 35 T2D patients and 36 controls were
consecutively enrolled in this cross-sectional study.
The project was approved by the Institutional Ethics
Committee and conducted according to the Helsinki
Medical Declaration’s ethical principles, once the
examinees signed an informed consent form.

The questionnaire (that contains questions relat-
ed to demographic data, acute/chronic diseases,
medication use, and lifestyle habits) was handed to
each respondent. Anthropometric measurements and
the venipuncture were performed the same morning. 

Respondents were eligible to be included in the
study if they voluntarily agreed to participate. The
exclusion criteria for patients in the control group was
a diagnosis of T2D or the use of antidiabetic medica-

the ASCVD risk score, further statistical analysis did not
confirm their independent associations with cardiovascular
risk. Studies with a large sample size are needed to further
explore this issue.

Keywords: diabetes, inflammation, insulin resistance,
biomarkers

Premda su oba biomarkera korelirala sa ASCVD skorom
rizika, dublja statisti~ka analiza nije potvrdila nezavisnu
povezanost ovih biomarkera sa kardiovaskularnim rizikom.
Potrebna su istra`ivanja na ve}em broju ispitanika da
dodatno istra`e ulogu ovih biomarkera u dijabetesu tip 2.

Klju~ne re~i: dijabetes, inflamacija, insulinska rezi -
stencija, biomarkeri
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tions. Patients with endocrine disorders other than
T2D, and those with CVD, stroke, cancer, acute infec-
tion, autoimmune diseases, gout, pregnancy, as well
as those who used anti-inflammatory drugs in the last
month, were excluded from the research.
Additionally, patients with estimated glomerular filtra-
tion rate <30 mL/min per 1.73 m2 and those with
high-sensitivity C-reactive protein (hsCRP) 10.0
mg/L were also excluded. 

The diagnosis of T2D was made according to
the American Diabetes Association criteria (24).

Methods

The blood sampling was provided in the morn-
ing after fasting of at least 8 hours. The samples were
collected in serum separator/clot activator tubes for
biochemistry analyses, except for HbA1c for which
K2EDTA tubes were provided. All biochemical analy-
ses were performed on Roche Cobas 6000 c501
chemistry analyzer (Roche Diagnostics GmbH, Mann -
heim, Germany) by standardized procedures. Serum
galectin-3 and FGF-23 were determined by ELISA. 

The ASCVD risk score was calculated (7). The
variables incorporated in the ASCVD calculation were
as follows: age, gender, race, smoking status, total
cholesterol (TC), low density lipoprotein cholesterol
(LDL-c), high density lipoprotein cholesterol (HDL-c),
systolic blood pressure (SBP), diastolic blood pressure
(DBP), hypertension treatment, use of statins, aspirin
treatment, and history of diabetes.

The blood pressure was measured for each par-
ticipant. Body weight, body height, waist (WC) and
hip circumference (HC) were obtained in the morning

hours, whereas body mass index (BMI) was calculat-
ed. 

Statistical analysis

A data distribution was tested using the Shapiro
Wilk test in SPP Statistics ver. 21 (IBM, New York,
USA), as well as all statistical analysis. Gaussian dis-
tributed variables were presented as mean ± standard
deviation (SD) and tested using Student’s t-test. Com -
parisons between non-Gaussian distributed data were
performed using the Mann-Whitney test. Those data
were given as the median and interquartile range.
Categorical data, presented as absolute and relative
frequencies, were compared using the Chi-square test
for contingency tables. Spearman’s correlation analy-
sis was performed between HbA1c, galectin-3, and
FGF-23 levels and other clinical characteristics of all
subjects. Correlation coefficient (r) was used to pres-
ent correlations between tested markers. Associations
between T2D, galectin-3, and FGF-23 were further
tested using binary regression analysis. Potential inde-
pendent associations between them were tested by
multivariate binary regression analysis where covari-
ates were those which had significant r with clinical
and laboratory data. Data were given as odds ratio
(OR) and 95% Confidence interval (CI). The explained
variation in T2D was given with Nagelkerke R2. P lev-
els less than 0.05 were considered statistically signifi-
cant in all tests.

Results

Clinical characteristics of the examined popula-
tion are presented in Table I. Gender was not evenly

Table I Basic demographic characteristics of examined population.

Data are presented as mean±SD and compared using Student’s t-test for two independent samples. 
*Skewed distributed data are presented as median (interquartile range) and compared using Mann-Whitney U test. 
Categorical variables are presented as absolute and relative frequencies and compared using Chi-square test.

Control group Type 2 diabetes p

N (male/female) 36 (12/24) 35 (22/13) 0.013

Age, years 61±10 65±11 0.166

BMI, kg/m2* 28 (25–30) 31 (28–31) 0.006

WC, cm 95±9       104±11       <0.001

HC, cm* 107 (103–109) 107 (105–114) 0.287

SBP, mmHg* 138 (127–173) 140 (129–159) 0.546

DBP, mmHg* 86 (77–92) 81 (77–88) 0.254

Insulin, N (%) 0 (0) 8 (23) 0.002

Antihyperglycemics, N (%) 0 (0) 29 (83) <0.001

Diabetes duration, years* – 3 (1–10) –

Smoking habits, N (%) 14 (39) 10 (29) 0.358

Antihypertensives, N (%) 26 (72) 30 (86) 0.164



88 Klisic et al.: Galectin-3 and FGF-23 in relation to diabetes and CV risk

Table II Laboratory and clinical parameters of examined population.

Table III Bivariate Spearman’s correlation analysis of HbA1c, galectin-3, FGF-23 and other clinical markers.

Control group Type 2 diabetes (T2D) p

Glucose, mmol/L 5.9±0.6 8.6±3.3 <0.001

HbA1c, % 5.7±0.4 7.7±1.9 <0.001

Total cholesterol, mmol/L* 6.1 (5.3–6.6) 5.3 (4.9–6.0) 0.032

HDL-c, mmol/L* 1.4 (1.2–1.7) 1.2 (1.0–1.4) 0.006

LDL-c, mmol/L* 3.8 (3.0–4.2) 3.1 (2.7–3.1) 0.024

TG, mmol/L* 1.5 (1.2–2.2) 1.9 (1.6–2.8) 0.034

Total bilirubin, mmol/L* 8.8 (6.5–11.1) 8.6 (6.0–10.8) 0.931

Creatinine, mmol/L* 69 (59–81) 80 (67–92) 0.010

Uric acid, mmol/L 273±60 337±104 0.002

HsCRP, mg/L* 1.3 (0.7–2.8) 1.7 (0.8–3.2) 0.451

Galectin-3, ng/mL* 17.79 (12.44–24.18) 21.73 (15.77–36.11) 0.016

FGF-23, ng/mL* 0.92 (0.87–1.10) 0.95 (0.85–1.26) 0.995

ASCVD, % 12 (4–28) 35 (16–54) <0.001

HbA1c, % Galectin-3 FGF-23

r p r p r p

Age, years 0.120 0.320 0.076 0.528 0.093 0.442

BMI, kg/m 0.222 0.067 -0.033 0.786 -0.075 0.539

WC, cm 0.362 0.002 0.113 0.357 0.039 0.752

HC, cm 0.109 0.373 -0.070 0.565 -0.068 0.580

SBP, mmHg 0.114 0.344 0.293 0.013 0.621 <0.001

DBP, mmHg 0 0.998 0.031 0.795 0.072 0.553

Glucose, mmol/L 0.756 <0.001 -0.026 0.827 0.016 0.896

HbA1c, % - - 0.172 0.151 0.082 0.496

TC, mmol/L -0.284 0.017 0.017 0.888 0.064 0.594

HDL-c, mmol/L -0.341 0.004 0.033 0.785 0.018 0.883

LDL-c, mmol/L -0.269 0.023 0.014 0.906 0.116 0.336

TG, mmol/L 0.273 0.021 -0.012 0.919 -0.011 0.927

Total bilirubin, mmol/L -0.007 0.954 0.098 0.414 0.197 0.100

Creatinine, mmol/L 0.214 0.074 0.126 0.296 0.148 0.219

Uric acid, mmol/L 0.121 0.314 0.015 0.901 -0.038 0.752

HsCRP, mg/L 0.127 0.293 0.086 0.476 0.017 0.888

Galectin-3, ng/mL 0.082 0.497 - - 0.390 0.001

FGF-23, ng/mL 0.082 0.377 0.390 0.001 - -

ASCVD, % 0.391 0.001 0.306 0.010 0.332 0.005

Data are presented as mean±SD and compared using Student’s t-test.
*Skewed distributed data are presented as median (interquartile range) and compared using Mann-Whitney U test.



distributed in the examined groups. More women
were in the control group, but more men were in the
T2D group. T2D patients had higher BMI and WC
than controls. Patients with T2D used antidiabetic
therapy. However, as it would be expected by inclu-
sion criteria, control group did not use antidiabetic
medications.

Parameters of glucose homeostasis, including
glucose and HbA1c, were higher in T2D patients than
controls. Total cholesterol, LDL-c, and TG were, also,
higher in T2D patients than in controls. However, HDL-
c was lower in T2D patients. We observed significantly
higher creatinine and uric acid levels, as well as
galectin-3 levels in T2D patients. Higher ASCVD risk
was also evident in patients with T2D (Table II) as com-
pared with controls. Serum FGF-23 levels did not differ
between the tested groups. 

Further, we performed a correlation analysis
between the glucose homeostasis marker HbA1c,
galectin-3 and FGF-23 and other examined markers.
HbA1c displayed positive correlations with WC, glu-
cose, TG, and ASCVD risk. However, negative correla-
tions were evident between HbA1c and total choles-
terol, HDL-c and LDL-c (Table III). Galectin-3 showed
positive correlations with SBP, FGF-23, and ASCVD.
Also, positive correlations were evident between FGF-
23 and SBP and ASCVD risk score (Table III). 

Regression analysis determined a positive associ-
ation between galectin-3 and T2D (Table IV). As
galectin-3 concentration rose for 1 ng/mL the pro -
bability of T2D increased by 7.3% (OR=1.073,

p=0.008). Galectin-3 levels were able to explain
19.9% variation in T2D presence. On the contrary, no
significant association between FGF-23 and T2D was
evident. 

To adjust for covariates that were correlated with
galectin-3 in Spearman’s correlation analysis, multivari-
ate binary regression analysis was performed.
Interestingly, participants with galectin-3 levels that
increased for 1 ng/mL have an 8.5% higher probability
of T2D occurrence (OR=1.085, p=0.015). The
explained variation in T2D by this model was 45.8%
(Table IV).

Neither galectin-3, nor FGF-23 were associated
with higher ASCVD risk when performed univariate
binary logistic regression analysis (Table V). 

Discussion

The main finding of this study shows higher
serum galectin-3 levels in T2D patients. An increase
in galectin-3 levels for 1 ng/mL showed 8.5% higher
probability for T2D occurrence (OR=1.085,
p=0.015). However, serum FGF-23 did not differ
between control and T2D group. We have also shown
for the first time the correlation between serum
galectin-3 and FGF-23 levels. Moreover, both
galectin-3 and FGF-23 correlated with ASCVD score
in bivariate Spearman’s correlation analysis, but these
correlations were not retained in binary logistic
regression analysis. 

Previous studies show divergent results regard-
ing serum galectin-3 levels in relation to parameters
of glucose homeostasis. An inverse correlation
between serum galectin-3 levels and insulin resist-
ance (14) and HbA1c in T2D subjects (15) was
shown. On the contrary, a positive correlation
between serum galectin-3 and HbA1c was demon-
strated by other authors (17). Our results are in line
with a recent study by Echouffo-Tcheugui et al. (16)
that showed higher serum galectin-3 levels in patients
with T2D. Also, Vora et al. (13) showed a positive
association between serum galectin-3 levels and inci-
dent T2D. The authors of this large sample size lon-
gitudinal study demonstrated that serum galectin-3
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Table IV Odds ratios (OR) after univariate and multivariate binary logistic regression analysis for galectin-3 and FGF-23 predicting
T2D.

Table V Odds ratios (OR) after binary logistic regression
analysis for galectin-3 and FGF-23 predicting ASCVD risk.

Model: continuous variables: WC, HDL-C, TG and categorical variable: sex. 

Predictors Unadjusted OR (95%CI) p Nagelkerke R2

Galectin-3 1.073 (1.019–1.130) 0.008 0.199

FGF-23 0.935 (0.700–1.248) 0.647 0.004

Model Adjusted OR (95%CI) p Nagelkerke R2

Galectin-3 1.085 (1.016–1.159) 0.015 0.458

Predictors Unadjusted
OR (95%CI) p Nagelkerke

R2

Galectin-3 1.035
(0.982–1.090) 0.202 0.046

FGF-23 66.977
(0.820–5471.026) 0.061 0.159



levels were associated with several pro-inflammatory
cytokines and parameters of insulin secretion [i.e., C-
peptide/homeostasis model assessment of insulin
resistance (HOMA-IR) ratio and C-peptide] (13).
Since the authors of the latter study did not confirm
the association between galectin-3 and HOMA-IR,
they presumed that the role of galectin-3 in T2D
could not be attributed to its involvement in signaling
pathways related to insulin resistance, but rather to
the pathways included in insulin secretion. In line with
this, Petrovic et al. (25) showed that galectin 3-over-
expression enhances oxidative stress and facilitates
the damage and apoptosis of pancreatic b-cells, thus
affecting glucose metabolism in high-fat diet mice.

Concerning FGF-23, we did not observe any dif-
ference between subjects with T2D and the control
group. Lower serum FGF-23 levels were found in
women with gestational diabetes mellitus (18) and an
insulin-resistant obese adolescent population (19),
whereas some other studies demonstrated higher
FGF-23 in T2D (26). Hanks et al. (20) suggested that
renal function might mediate the relationship
between FGF-23, inflammation, and insulin resist-
ance since they recorded positive associations
between FGF-23, HOMA-IR and several obesity-relat-
ed pro-inflammatory cytokines only in subjects with-
out chronic kidney disease (CKD), but not among
those with CKD.

Insulin was shown to suppress FGF-23 by stimu-
lating the phosphoinositide 3-kinase/protein kinase
B/Akt signaling transcription factor forkhead box pro-
tein O1 (27). The treatment with insulin in mice and
cell culture diminished FGF-23 gene expression (27).
Also, higher FGF-23 levels were recorded in insulin-
deficient mice, whereas the insulin treatment normal-
ized FGF-23 levels (27). Such findings support the
notion that insulin could lower FGF-23, independent
of changes in kidney function or inflammation.

To the best of our knowledge, we are the first to
show the correlation between galectin-3 and FGF-23.
These two pro-inflammatory biomarkers are indica-
tors of fibrosis and CV remodeling (9). Previous stud-
ies were not convincing regarding the role of FGF-23
in CVD, thus suggesting only a minor contribution of
FGD-23 as predictors of CVD outcomes (12, 28).
The CARDIA study that included 3151 participants
showed no relationship with CVD after adjustment for
confounding factors, such as diabetes, BMI, SBP,
smoking status, and medication use (28).

Kurpas et al. (22) pointed out that the impor-
tance of FGF-23 as a risk factor for CVD should not
be overstated in T2D patients, showing no correlation
between FGF-23 and fasting glucose,  postprandial
glucose, and HbA1c values. On the other hand, some
other authors demonstrated that plasma FGF-23 lev-
els predict adverse CV outcomes in patients with
coronary artery disease (CAD) and T2D, but not in
those without T2D (23).

In a recent meta-analysis, galectin-3 was shown
to be one of the risk factors for CVD (21). Galectin-3
was also shown to be a reliable biomarker in atrial fib-
rillation (29) and obstructive sleep apnea (30).
However, a recent study that examined subjects with
hepatic steatosis showed an inverse relationship
between severity the of CAD and galectin-3 (31). In
our study, we did not confirm the independent rela-
tionship between serum galectin-3 levels and the
ASCVD risk score. The possible explanation for such
finding may be in part due to the small sample size of
our study. Apart from the small sample size, this study
has several other limitations, such as its cross-
sectional nature, which does not enable us to
evaluate the causality between investigated bio -
markers and T2D. We were also limited to measure
serum klotho levels, vitamin D levels, as well as to
assess dietary phosphate intake since these variables
could significantly affect serum FGF-23 levels (26).
Therefore, longitudinal studies with a large sample
size that will include mentioned confounding factors
are needed to elucidate the role of galectin-3 and
FGF-23 in T2D and increased CV risk.

Conclusion

Serum galectin-3 levels, but not FGF-23, are
higher in T2D patients. Serum galectin-3 is correlated
with FGF-23. Although both biomarkers were corre-
lated with the ASCVD risk score, a further statistical
analysis did not confirm their independent associa-
tions with CV risk. Studies with a large sample size are
needed to further explore this issue.

Acknowledgments

This work was financially supported in part by a
grant from the Ministry of Education, Science and
Innovation, Montenegro and the Ministry of
Education, Science and Technological Development,
Republic of Serbia (project number 451-03-
65/2024-03/200161).

Author Contributions: All authors contributed to
the study conception and design. Material prepara-
tion, data collection and laboratory analyses were per-
formed by AK and JKS. Statistical analysis was per-
formed by AN. The first draft of the manuscript was
written by AK and all authors commented on previous
versions of the manuscript. All authors read and
approved the final version of the manuscript.

Conflict of interest statement

All the authors declare that they have no conflict
of interest in this work.

90 Klisic et al.: Galectin-3 and FGF-23 in relation to diabetes and CV risk



References

1. Magliano DJ, Boyko EJ. Chapter 3, Global Picture. In IDF
Diabetes Atlas 10th Edition Scientific Committee;
International Diabetes Federation: Brussels, Belgium,
2021. Available online: https://www.ncbi.nlm.nih.gov/
books/NBK581940/ (accessed on 10 April 2024).

2. Zheng Y, Ley SH, Hu FB. Global aetiology and epidemi-
ology of type 2 diabetes mellitus and its complications.
Nat Rev Endocrinol 2018; 14(2): 88–98. doi: 10.1038/
nrendo.2017.151.

3. Klisic A, Kavaric N, Stanisic V, Vujcic S, Spasojevic-
Kalimanovska V, Ninic A, Kotur-Stevuljevic J. Endocan
and a novel score for dyslipidemia, oxidative stress and
inflammation (DOI score) are independently correlated
with glycated hemoglobin (HbA1c) in patients with pre-
diabetes and type 2 diabetes. Arch Med Sci 2019; 16(1):
42–50. doi: 10.5114/aoms.2019.87541.

4. Klisic A, Kotur-Stevuljevic J, Ninic A. Endocan is related
to increased cardiovascular risk in type 2 diabetes melli-
tus patients. Metab Syndr Relat Disord 2023; 21(7):
362–9. doi: 10.1089/met.2023.0050. 

5. Klisic A, Cojic M, Patoulias D, Ninic A. Multimarker
approach as more reliable method than single vitamin D
in relationship with type 2 diabetes mellitus in Monte -
negrin postmenopausal women. Biomedicines 2023;
11: 2610. https://doi.org/10.3390/biomedicines
11102610.

6. Montenegro - WHO European Primary Health Care
Impact, Performance and Capacity Tool (PHC-IMPACT)
(2020). 14 April 2022 (https://www.who.int/andorra/
publications/m/item/montenegro---who-european-pri-
mary-health-care-impact--performance-and-capacity-
tool-(phc-impact)-(2020), accessed 13 April 2024).

7. Arnett DK, Blumenthal RS, Albert MA, et al. 2019
ACC/AHA guideline on the primary prevention of cardio-
vascular disease. A report of the American College of
Cardiology/American Heart Association Task Force on
Clinical Practice Guidelines. J Am Coll Cardiol 2019; 74:
1429–30. 

8. Golabi P, Fukui N, Paik J, Sayiner M, Mishra A, Younossi
ZM. Mortality risk detected by atherosclerotic cardiovas-
cular disease score in patients with nonalcoholic fatty
liver disease. Hepatol Commun 2019; 3: 1050–60.

9. Gruson D, Maisin D, Pouleur AC, Ann SA, Rousseau MF.
CA125, Galectin-3 and FGF-23 are interrelated in heart
failure with reduced ejection fraction. EJIFCC
2023;34(2):103-109.

10. Blanda V, Bracale UM, Di Taranto MD, Fortunato G.
Galectin-3 in Cardiovascular Diseases. Int J Mol Sci
2020; 21(23): 9232. doi: 10.3390/ijms21239232. 

11. Donate-Correa J, Martín-Núñez E, González-Luis A, Ferri
CM, Luis-Rodríguez D, Tagua VG, Mora-Fernández C,
Navarro-González JF. Pathophysiological Implications of
Imbalances in Fibroblast Growth Factor 23 in the
Development of Diabetes. J Clin Med 2021; 10(12):
2583. doi: 10.3390/jcm10122583.

12. Pál K, M nescu IB, Lupu S, Dobreanu M. Emerging
Biomarkers for Predicting Clinical Outcomes in Patients

with Heart Disease. Life (Basel) 2023; 13(1): 230. doi:
10.3390/life13010230. 

13. Vidovi} V, Novakovi} I, Damnjanovi} T, Radi}-Savi} Z,
Vidovi} S, [krbi} R, Maksimovi} N. Galectin 3 rs4644
gene polymorphism is associated with metabolic traits in
Serbian adolescent population. J Med Biochem 2024;
43 (3): 445–50.

14. Ohkura T, Fujioka Y, Nakanishi R, Shiochi H, Sumi K,
Yamamoto N, Matsuzawa K, Izawa S, Ohkura H, Ueta E,
Kato M, Miyoshi E, Taniguchi S, Yamamoto K. Low
serum galectin-3 concentrations are associated with
insulin resistance in patients with type 2 diabetes melli-
tus. Diabetol Metab Syndr 2014; 6(1):106. doi:
10.1186/1758-5996-6-106. 

15. Weigert J, Neumeier M, Wanninger J, Bauer S, Farkas S,
Scherer MN, Schnitzbauer A, Schäffler A, Aslanidis C,
Schölmerich J, Buechler C. Serum galectin-3 is elevated
in obesity and negatively correlates with glycosylated
hemoglobin in type 2 diabetes. J Clin Endocrinol Metab
2010; 95(3): 1404–11. doi: 10.1210/jc.2009-1619. 

16. Echouffo-Tcheugui JB, Zhang S, Florido R, Pankow JS,
Michos ED, Goldberg RB, Nambi V, Gerstenblith G, Post
WS, Blumenthal RS, Ballantyne CM, Coresh J, Selvin E,
Ndumele CE. Galectin-3, Metabolic Risk, and Incident
Heart Failure: The ARIC Study. J Am Heart Assoc 2024;
13(6): e031607. doi: 10.1161/JAHA.123.031607. 

17. Atalar MN, Abuşoğlu S, Ünlü A, Tok O, Ipekçi SH,
Baldane S, Kebapcılar L. Assessment of serum galectin-
3, methylated arginine and Hs-CRP levels in type 2 dia-
betes and prediabetes. Life Sci 2019; 231: 116577. doi:
10.1016/j.lfs.2019.116577. 

18. Mosavat M, Omar SZ, Sthanshewar P. Serum FGF-21
and FGF-23 in association with gestational diabetes: a
longitudinal case-control study. Horm Mol Biol Clin
Investig 2020; 41(2). doi: 10.1515/hmbci-2019-0060. 

19. Wojcik M, Janus D, Dolezal-Oltarzewska K, Drozdz D,
Sztefko K, Starzyk JB. The association of FGF23 levels in
obese adolescents with insulin sensitivity. J Pediatr
Endocrinol Metab 2012; 25(7–8): 687–90. doi:
10.1515/jpem-2012-0064. 

20. Hanks LJ, Casazza K, Judd SE, Jenny NS, Gutiérrez OM.
Associations of fibroblast growth factor-23 with markers
of inflammation, insulin resistance and obesity in adults.
PLoS One 2015; 10(3):e0122885. doi: 10.1371/jour-
nal.pone.0122885.

21. Liu Y, Guan S, Xu H, Zhang N, Huang M, Liu Z.
Inflammation biomarkers are associated with the inci-
dence of cardiovascular disease: a meta-analysis. Front
Cardiovasc Med 2023; 10: 1175174. doi: 10.3389/
fcvm.2023.1175174.

22. Kurpas A, Supel K, Wieczorkiewicz P, Bodalska Duleba J,
Zielinska M. Fibroblast Growth Factor 23 and Cardio -
vascular Risk in Diabetes Patients-Cardiologists Be
Aware. Metabolites 2022; 12(6): 498. doi: 10.3390/
metabo12060498.

23. Tuñón J, Fernández-Fernández B, Carda R, Pello AM,
Cristóbal C, Tarín N, et al. Circulating fibroblast growth
factor-23 plasma levels predict adverse cardiovascular

J Med Biochem 2025; 44 (1) 91



outcomes in patients with diabetes mellitus with coronary
artery disease. Diabetes Metab Res Rev 2016; 32(7):
685–93. doi: 10.1002/dmrr.2787. 

24. American Diabetes Association. Classification and diag-
nosis of diabetes. Sec. 2. In Standards of Medical Care in
Diabetes-2017. Diabetes Care 2017; 40: S11–S24.

25. Petrovic I, Pejnovic N, Ljujic B, Pavlovic S, Miletic
Kovacevic M, Jeftic I, et al. Overexpression of Galectin 3
in Pancreatic b Cells Amplifies b-Cell Apoptosis and Islet
Inflammation in Type-2 Diabetes in Mice. Front
Endocrinol (Lausanne) 2020; 11: 30. doi: 10.3389/
fendo.2020.00030.

26. van der Vaart A, Yeung SMH, van Dijk PR, Bakker SJL, de
Borst MH. Phosphate and fibroblast growth factor 23 in
diabetes. Clin Sci (Lond) 2021; 135(14): 1669–87. doi:
10.1042/CS20201290.

27. Bär L, Feger M, Fajol A, Klotz LO, Zeng S, Lang F, et al.
Insulin suppresses the production of fibroblast growth
factor 23 (FGF23). Proc Natl Acad Sci U S A 2018;
115(22): 5804–9. doi: 10.1073/pnas.1800160115.

28. Paul S, Wong M, Akhabue E, Mehta RC, Kramer H,
Isakova T, et al. Fibroblast Growth Factor 23 and Incident
Cardiovascular Disease and Mortality in Middle-Aged
Adults. J Am Heart Assoc 2021; 10(16): e020196. doi:
10.1161/JAHA.120.020196. 

29. Mohtasham Kia Y, Cannavo A, Bahiraie P, Alilou S,
Saeedian B, Babajani N, et al. Insights into the Role of
Galectin-3 as a Diagnostic and Prognostic Biomarker of
Atrial Fibrillation. Dis Markers 2023; 2023: 2097012.
doi: 10.1155/2023/2097012.

30. Khalaji A, Amirkhani N, Sharifkashani S, Behnoush AH.
Role of galectin-3 as a biomarker in obstructive sleep
apnea: a systematic review and meta-analysis. Sleep
Breath 2023; 27(6): 2273–82. doi: 10.1007/s11325-
023-02842-z.

31. Karady J, Ferencik M, Mayrhofer T, Meyersohn NM,
Bittner DO, Staziaki PV, et al. Risk factors for cardiovas-
cular disease among individuals with hepatic steatosis.
Hepatol Commun 2022; 6: 3406–20. https://doi.
org/10.1002/hep4.2090

92 Klisic et al.: Galectin-3 and FGF-23 in relation to diabetes and CV risk

   
     Received: June 15, 2024
     Accepted: August 19, 2024



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /SRL ()
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1800 1800]
  /PageSize [14400.000 14400.000]
>> setpagedevice


