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ABSTRACT

Introduction: Type 2 diabetes mellitus (T2DM) is linked to increased vascular mor-
bidity and mortality. Well-controlled diabetes is indicated by effective glycemic and HbA1c 
regulation and low-grade inflammation management. This study evaluates glycolipid con-
trol and inflammatory status in T2DM patients on metformin.

Methods: A pilot study involved 11 participants divided into two groups: a T2DM 
group on metformin therapy and a control, non-diabetic group. Demographic, clinical, an-
thropometric, glycolipid (glycemia, HbA1c, TC, LDL-C, HDL-C, TG), and inflammatory pa-
rameters (CRP, FFA, PL, UA, FLI) were evaluated.
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Results: Significant intergroup differences were found in glycemia, HbA1c, TC, LDL-C, 
UA, FLI, and WC. Glycemia influenced PL (p<0.05), UA (p<0.01), and FLI (p<0.01), while 
HbA1c affected UA (p<0.05) and FLI (p<0.01). LDL-C and HDL-C impacted UA (p<0.05, 
p<0.01). Age affected FLI (p<0.05), gender influenced PL (p<0.01), and BW, BH, WC, and 
BMI significantly impacted UA and FLI (p<0.01).

Conclusion: T2DM patients showed signs of low-grade systemic inflammation, em-
phasizing the need for comprehensive diabetes management and early cardiovascular risk 
detection. Intensified interventions are necessary for patients with inadequate glycemic 
control on metformin.

Keywords: type 2 diabetes, metformin, systemic inflammation, glycemic regula-
tion, lipid status

SAŽETAK

Uvod: Dijabetes melitus tipa 2 (T2DM) povezan je sa povećanim vaskularnim mor-
biditetom i mortalitetom. Dobro kontrolisan dijabetes je definisan efikasnom regulacijom 
glikemije i parametra glikoliziranog hemoglobina (HbA1c) odražavajući nizak stepen in-
flamacije. U okviru ove studije je praćena kontrola glikolipidnog i inflamatornog statusa 
kod pacijenata sa T2DM na terapiji metforminom.

Metode: Pilot studija je obuhvatila 11 učesnika podeljenih u dve grupe: grupu sa 
T2DM na terapiji metforminom i kontrolnu grupu bez dijabetesa. Praćeni su demografski, 
klinički, antropometrijski, glikolipidni (glikemija, HbA1c, TC, LDL-C, HDL-C, TG) i inflamator-
ni parametri (CRP, FFA, PL, UA, FLI).

Rezultati: Značajne razlike između grupa primećene su u glikemiji, kao i u paramet-
rima HbA1c, TC, LDL-C, UA, FLI i WC. Glikemija je uticala na nivoe PL (p<0,05), UA (p<0,01) 
i FLI (p<0,01), dok je HbA1c uticao na UA (p<0,05) i FLI (p<0,01). LDL-C i HDL-C su uticali 
na nivo UA (p<0,05, p<0,01). Starost pacijenta uticala je na nivo FLI (p<0,05), pol je uticao 
na PL (p<0,01), dok su telesna težina, telesna visina, obim struka i BMI značajno uticali na 
nivoe UA i FLI (p<0,01).

Zaključak: Pacijenti sa T2DM pokazuju znakove sistemske inflamacije niskog stepena, 
što ističe potrebu za sveobuhvatnim pristupom lečenju i prevenciji dijabetesa i kardiova-
skularnog rizika. Glikemijski i lipidni disbalans značajno utiču na inflamatorne parametre, 
naglašavajući važnost pažljivog praćenja ovih biomarkera kod pacijenata na metforminu. 
Individualizovane terapijske strategije i intenzivnije intervencije mogu poboljšati kontrolu 
glikemije i smanjiti dugoročne komplikacije.

Ključne reči: tip 2 dijabetesa, metformin, sistemska inflamacija, regulacija glikemi-
je, lipidni status
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INTRODUCTION

Diabetes mellitus (DM) represents a significant global healthcare issue [1]. Projec-
tions suggest that this metabolic disorder will affect over 700 million people by 2045 [2]. 
Type 2 DM (T2DM) constitutes approximately 90% of all DM cases globally [3]. Defining 
characteristics of DM include inadequate insulin action or insufficient secretion. Inflamma-
tory cytokines produced in response to hyperglycemia and dyslipidemia impair pancreatic 
β-cell function and reduce the activation of signaling molecules involved in the molecular 
mechanisms of insulin activity [4, 5]. The development of DM-associated vascular compli-
cations is related to the increased synthesis of acute phase reactants, such as fibrinogen, 
sialic acid, C-reactive protein (CRP), and serum amyloid A and P, which are stimulated by 
proinflammatory cytokines, including interleukin-6 (IL-6) and tumor necrosis factor-alpha 
(TNF-α) [6-8].

The management of DM encompasses both non-pharmacological and pharmacolog-
ical approaches [9]. Non-pharmacological interventions include enhancing dietary habits 
and promoting supervised physical activities and exercises. The pharmacological manage-
ment comprises oral antihyperglycemic agents (OHAs) and insulin [10]. Based on their 
mechanism of action, OHAs are classified into two classes. The first class includes insu-
lin secretagogues that enhance insulin secretion when pancreatic insulin stores are intact 
(e.g., sulphonylurea derivates, meglitinides, etc.). The second class comprises insulin sen-
sitizers that improve insulin sensitivity (e.g., biguanides, thiazolidinediones, glucagon-like 
peptides, dipeptidyl peptidase-4 inhibitors, etc.). Diabetes mellitus can be treated pharma-
cologically via monotherapy or combination therapy, involving various medications, includ-
ing insulin. The use of insulin analogs, which demonstrate improved glycemic control and 
safety compared to human insulins, represents a modern approach to DM management. 
Enhancements in glucometabolic, lipid, and inflammatory markers, resulting in reduced 
cardiovascular morbidity and mortality, signify effective DM management [11-13].

Metformin (1,1-dimethyl biguanide hydrochloride) is the most often used medicine 
for treating T2DM and belongs to the biguanide class [14]. It is derived from the Galega 
officinalis, commonly known as French lilac [15]. The Food and Drug Administration ap-
proved metformin in 1994, and by 2005, it was the most prospective treatment for T2DM 
[15]. Therapeutic doses of metformin typically range from 1000 to 2500 mg per day, re-
sulting in plasma concentrations between 0.5 and 2.0 µg/mL [16]. Metformin primarily 
affects the liver, causing a reduction in glucose synthesis, improving insulin resistance, and 
increasing insulin sensitivity [17]. By influencing several signaling pathways, metformin 
promotes weight loss and cardiovascular homeostasis [18]. Since metformin optimizes gut 
microbiota and reduces insulin resistance in hypothalamic pro-opiomelanocortin neurons, 
it accelerates metabolism and regulates appetite [17-19]. Metformin mitigates the risk of 
cardiovascular disease (CVD) in people with T2DM by enhancing lipid profiles, reducing 
visceral and total body fat, and lowering low-grade systemic inflammation. This is main-
ly attributable to its effects on both AMPK-dependent and AMPK-independent pathways, 
as well as the mitochondrial electron transport chain complex [20-26]. Rarely, metformin 
causes modest adverse effects, mostly in the gastrointestinal system [27].

This research assesses the concentrations of glycolipids and inflammatory markers in 
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individuals with T2DM receiving metformin therapy. Glycolipid and inflammatory marker 
levels will be assessed regularly in a cohort of T2DM patients treated with metformin, fur-
ther reinforcing the safety and efficacy of this treatment.

SUBJECTS AND METHOD

STUDY POPULATION
This cross-sectional pilot study included eleven participants, seven females and four 

males, aged between 42 and 73 years. The study population comprised five healthy indi-
viduals and six patients diagnosed with T2DM receiving metformin during the period of 
one to five years. Smoking, menstruation, thyroid diseases, hypertension, and the use of 
fibrates, statins, and salicylates were exclusion criteria. All procedures were performed in 
compliance with relevant laws and institutional guidelines and have been approved by the 
appropriate institutional committee. Informed consent was obtained from all participants.

ANTHROPOMETRIC MEASUREMENTS
The patients’ body weight (BW) and body height (BH) were measured using a med-

ical scale (Metalija Subotica), while waist circumference (WC) (cm) was measured with a 
non-stretchable tape. The body mass index (BMI) (kg/m2) was calculated and represents 
the ratio of BW (kg) to the square of BH (m2).

CLINICAL MEASUREMENTS
After a five-minute rest, and immediately before the venipuncture, all subjects were 

measured for systolic (SBP) and diastolic (DBP) blood pressure (mmHg) with the sphyg-
momanometer, HS 201C1 Palm Type Sphygmomanometer, Wenzhou Hongshun Industries, 
and Trade Co.

MEASUREMENT OF SERUM PARAMETERS OF GLYCOLIPID STATUS
Determination of glycemia, glycated hemoglobin (HbA1c), lipids (total cholesterol 

(TC), high-density lipoprotein-cholesterol (HDL-C), and triglycerides (TGs), as well as gam-
ma-glutamyl transferase (GGT) and uric acid (UA), was carried out using a biochemical an-
alyzer Roche Cobas c501 (Roche Diagnostics GmbH, Mannheim, Germany) according to 
the manufacturer’s instructions. Low-density lipoprotein-cholesterol (LDL-C) levels were 
calculated using the Friedewald formula: LDL-C= TC – HDL-C – 0.45 * TG (mmol/L) [28].

MEASUREMENT OF SERUM-FREE FATTY ACID (FFA) CONCENTRATIONS
Free fatty acid (FFA) concentration in the patient’s plasma was determined using a 

modified Duncombe colorimetric method, as previously described in our laboratory [29]. 
In brief, FFAs were measured by adding 225 µL of reagent into 45 µL of the patient’s plas-
ma and briefly shaking. The resulting solution was mixed with 1125 µL of chloroform and 
vigorously shaken for 20 minutes and then centrifuged for 10 minutes at 3000 rpm. After 
removing the upper blue-green protein layer, 45 µL of 0.2% diethyldithiocarbamate was 



32

added to 450 µL of the remaining chloroform layer with extracted FFA. The samples were 
vigorously shaken and then incubated for 20 min at room temperature. A spectrophotome-
ter SmartSpec™ 3000 (Bio-Rad, Hercules, CA, USA) was used to determine the absorbance 
at 436nm. The intensity of the compound’s color was proportional to the concentration of 
FFA and expressed in mmol/L.

MEASUREMENT OF SERUM PHOSPHOLIPID (PL) CONCENTRATION
The concentration of phospholipids (PLs) in the serum of the patients was deter-

mined by the colorimetric method according to Stewart [30]. The procedure involved add-
ing 600 μL of a 2:1 chloroform-methanol solution to 300 μL of the serum. The resulting 
solution was shaken for 20 seconds and then centrifuged at room temperature for 3 min at 
7000 rpm. Before adding 500μL of the reaction reagent 1, 400μL of chloroform was added 
to the lower chloroform layer with extracted PL. This solution was shaken for 20 seconds 
and then centrifuged for 10 min at 1000 rpm. After the removal of the upper layer, the 
optical density of the sample and standard was measured using a SmartSpec™ 3000 spec-
trophotometer (Bio-Rad, Hercules, CA, USA). Phospholipid concentration was expressed in 
mg/mL.

CALCULATION OF FATTY LIVER INDEX (FLI)
Fatty liver index (FLI) was calculated using the following formula [31]:

To calculate the FLI, the following variables were used: BMI, WC, as well as GGT lev-
els, and TG. Calculated values for FLI range from 0 to 100. Fatty liver index values <30 
indicate a low risk of developing fatty liver, while values ≥60 indicate a significant presen-
tation of fatty liver. Fatty liver index scores between 30 and 60 (grey zone) require careful 
monitoring [31].

STATISTICAL ANALYSIS
Methods of descriptive statistics included relative numbers, measures of central ten-

dency (arithmetic means and median), and measures of variability (standard deviation, 
interval, and coefficient of variation). Analytical statistics included tests for assessing the 
significance of correlations and differences. Spearman’s rank correlation test was used to 
determine the correlation’s significance. To evaluate the significance of the difference, the 
t-test for independent samples was used in the case of parametric data, and the chi-square 
test in the case of categorical, i.e., the Mann-Whitney test in cases of interval data that do 
not follow the normal distribution. The level of statistical significance is 0.05. The data ob-
tained were analyzed using the statistical package SPSS for Windows 22.0.

 



33

RESULTS
COMPARATIVE ANALYSIS OF ANTHROPOMETRIC, CLINICAL, AND INFLAMMATORY 
PARAMETERS IN HEALTHY INDIVIDUALS AND THOSE WITH TYPE 2 DIABETES MELLITUS

The pilot study included 11 participants, with a mean age of 60±9 years, categorized 
into two groups: patients with T2DM undergoing metformin treatment (T2DM group) and 
healthy controls (C group). Table 1 presents the anthropometric, clinical and inflammatory 
parameters. There was no significant difference between the groups in age, gender, BW, 
BH, and BMI. The mean WC values exhibited a significant difference between the groups (t 
= +3.653, p<0.01). The systolic and diastolic arterial pressure values showed no significant 
differences among the groups. Furthermore, a statistically significant difference in the lev-
els of glycemia and HbA1c was detected (tglycemia = +9.750; tHbA1c = +3.646, p<0.01). 
Regarding blood lipids, the levels of TC and LDL-C were significantly different (t TC =-2.472, 
p<0.05; t LDL-C=-3.847, p<0.01) in contrast to the levels of TG and HDL-C, which did not 
significantly differ among the groups. The concentrations of UA and FLI as inflammatory 
markers exhibited significant differences between groups (TFA = .000, FLI = 3.000, p<0.05), 
unlike the values of other inflammatory markers (CRP, FFA, and PL). Statistical significance 
was assessed through t-tests, with p-values reflecting the likelihood of obtaining the re-
sults under the assumption that the null hypothesis is valid.
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Variable T2D group
[n=6]

C group
[n=5] p

Age
[X±SD [min-max]] 64±7 [56-73] 54±8 [42-63] ns
Gender
[   , n [%]] 2 [33] 5 [100] ns
BW [kg]
[X±SD [min-max]] 95±8 [86-108] 72±6 [63-79] ns
BH [m]
[X±SD [min-max]] 1.72±0.1 [1.56-1.83] 1.64±0.1 [1.50-1.76] ns
BMI [kg/m2]
[X±SD [min-max]] 33±6 [26-42] 27±3 [25-32] ns
WC [cm]
[X±SD [min-max]] 110±10 [100-126] 90±7 [82-101] <0.01
SBP [mmHg]
[X±SD [min-max]] 143±17 [120-165] 120±21 [99-146] ns
DBP [mmHg]
[X±SD [min-max]] 83±17 [65-108] 80±17 [60-99] ns
Gly [mmol/L]
[X±SD [min-max]] 8.5±0.5 [8.0-9.0] 5.6±0.5 [5.1-6.0] <0.01
HbA1c [%]
[X±SD [min-max]] 7.3±1.0 [6.0-9.0] 5.5±0.5 [5.0-6.0] <0.01
TC [mmol/L]
[X±SD [min-max]] 5.3±0.5 [5.0-6.0] 6.9±1.5 [4.9-9.0] <0.05
TG [mmol/L]
[Med [min-max]] 1.0 [1.0-5.0] 2.0 [1.2-2.0] ns
LDL-C [mmol/L]
[X±SD [min-max]] 3.0±0.0 [3.0] 4.7±1.1 [3.0-6.0] <0.01
HDL-C [mmol/L]
[Med [min-max]] 1.0 [1.0-2.0] 1.64 [1.1-2.0] ns
CRP [mg/L]
[Med [min-max] 1.0 [0.0-7.0] 1.0 [0.8-2.0] ns
FFA [mmol/L]
[Med [min-max]] 0.72 [0.06-1.70] 1.06 [0.60-1.14] ns
PL [mg/mL]
[Med [min-max]] 6.54 [1.98-10.09] 3.13 [2.86-5.19] ns
UA [μmol/L]
[Med [min-max]] 334 [240-412] 198 [168-228] <0.05
FLI [Med [min-max]] 66 [40-98] 32 [18-62] <0.05

BH-body height; BMI-body mass index; BW-body weight; C-control, healthy partic-
ipants; CRP-C-reactive protein; DBP-diastolic blood pressure; FFA-free fatty acid; FLI-fatty 
liver index; Glycemia; HbA1c-glycated hemoglobin; HDL-C-high-density lipoprotein choles-
terol; LDL-C-low-density lipoprotein cholesterol; ns - non-significant difference; PL-phos-
pholipids; SBP-systolic blood pressure; T2DM-subjects with Type 2 Diabetes Mellitus; 
TC-total cholesterol; TG-triglycerides; UA-uric acid; WC-waist circumference; * p<0.05; ** 
p<0.01.

Table 1. Comparative analysis of anthropometric, clinical, and inflammatory parameters in healthy individuals and those with Type 
2 Diabetes Mellitus
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CORRELATION BETWEEN GLYCOLIPID, DEMOGRAPHIC, ANTHROPOMETRIC, CLINICAL, 
AND INFLAMMATORY PARAMETERS

Table 2 presents the Spearman’s ρ coefficient values between observed glycolipid pa-
rameters (glycemia, HbA1c, TC, TG, LDL-C, and HDL-C) and inflammatory parameters (CRP, 
FFA, PL, UA, and FLI). The results demonstrate statistically significant correlations between 
glycemia levels and PL (p<0.05), UA (p<0.01), and FLI (p<0.01). Additionally, HbA1c values 
correlate with UA (p<0.05) and FLI (p<0.01), while LDL-C and HDL-C values are associated 
with UA (p<0.05 and p<0.01, respectively). The correlations indicate a possible interaction 
between glycolipid and inflammatory parameters in T2DM. Fig. 1a, Fig. 2-a, b, c, d, Fig. 3-a 
and 3-b display the logarithmic regression lines corresponding to statistically significant 
correlations. Also, Spearman’s ρ coefficient values between observed demographic (gen-
der and age), anthropometric (BW, BH, BMI, WC), clinical (SBP and DBP), and inflammatory 
parameters (CRP, FFA, PL, UA, FLI) are shown in Table 2.

Statistically significant correlations were identified between FLI scores and age 
(p<0.05), as well as with BW (p<0.01), BMI (p<0.01), and WC (p<0.01). Correlations be-
tween BH and PL values (p<0.01), UA and BW values (p<0.01), and UA and WC values were 
statistically significant (p<0.01) as illustrated in Fig. 1-b, Fig. 2-e, f, and Fig. 3-c, d, e, and f. It 
is important to acknowledge that the limited sample size and the unique characteristics of 
the participants may restrict the generalizability of these findings.

Variable CRP FFA PL UA FLI
Gly +0.038 -0.426 +0.613*F1a +0.794**F2a +0.823**F3a

HbA1c +0.324 -0.533 +0.446 +0.776*F2b +0.809**F3b

TC -0.146 -0.023 -0.345 -0.396 +0.028
TG -0.007 -0.264 -0.108 +0.153 +0.273
LDL-C -0.110 -0.075 -0.436 -0.764*F2c -0.109
HDL-C -0.212 +0.265 -0.172 -0.873**F2d -0.521
Gender [man] +0.544 +0.180 -0.777** +0.000 -0.270
Age +0.147 -0.469 +0.482 +0.310 +0.683*F3c

BW -0.120 -0.142 +0.446 +0.766*F2e +0.767**F3d

BH -0.557 +0.034 +0.658**F1b +0.095 -0.224
BMI +0.074 -0.241 +0.055 +0.643 +0.934**F3e

WC +0.032 -0.350 +0.447 +0.886**F2f +0.888**F3f

SBP +0.133 -0.182 +0.264 +0.524 +0.255
DBP +0.106 -0.160 -0.068 +0.216 +0.016

BH-body height; BMI-body mass index; BW-body weight; CRP-C-reactive protein; 
DBP-diastolic blood pressure; FFA-free fatty acid; FLI-fatty liver index; Glycemia; HbA1c-gly-
cated hemoglobin; HDL-C-high-density lipoprotein cholesterol; LDL-C-low-density lipo-
protein cholesterol; PL-phospholipids; SBP-systolic blood pressure; TC-total cholesterol; 
TG-triglycerides; UA-uric acid; WC-waist circumference; Fig. 1-3 display results; * p<0.05; 
** p<0.01.

Table 2. Correlation between glycolipid, demographic, anthropometric, clinical and inflammatory parameters
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Fig 1. a-b. Logarithmic regression line illustrating: The relationship between glycemia and phospholipids (a). The association between 
body height and phospholipids (b)

Fig 2. a-f. Logarithmic regression lines for: Glycemia vs. uric acid (a). HbA1c vs. uric acid (b). LDL-C vs. uric acid (c). HDL-C vs. uric acid 
(d). Body weight vs. uric acid (e). Waist circumference vs. uric acid (f)

Fig 3. a-f. Logarithmic regression analysis of: Glycemia vs. fatty liver index (a). HbA1c vs. fatty liver index (b). Age vs. fatty liver index 
(c). Body weight vs. fatty liver index (d). Body mass index vs. fatty liver index (e). Waist circumference vs. fatty liver index (f)
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DISCUSSION

Type 2 diabetes mellitus (T2DM) is a common chronic metabolic disorder that causes 
significant vascular complications, contributing to morbidity, disability, and mortality [32, 
33]. Metformin is the preferred OHA for the initial treatment of T2DM [34]. This study 
examines the inflammatory and glycolipid status in T2DM patients receiving metformin 
treatment for one to five years, along with the influence of clinical, anthropometric, de-
mographic, and glycolipid variables on inflammatory markers. Fasting glucose levels and 
insulin secretion are utilized for diagnostic purposes and treatment monitoring. Metformin 
reduces hepatic gluconeogenesis, improves insulin sensitivity, and promotes glucose up-
take in the liver and skeletal muscle [17]. Additionally, metformin influences lipid metab-
olism following a single-dose administration in healthy individuals [35, 36]. Nonetheless, 
its impact on lipid metabolism in diabetes remains unclear. This pilot study indicates ele-
vated glycemia and HbA1c levels in the T2DM cohort. Nonetheless, the reduced levels of 
TC and LDL-C were unexpectedly observed in the sera of diabetic patients in comparison 
to healthy subjects. A potential explanation for this phenomenon is the beneficial effect of 
metformin monotherapy on the specified lipid parameters, in contrast to inadequate man-
agement of T2DM [37]. The findings highlight the importance of both non-pharmacological 
strategies, such as dietary modifications, physical exercise, and dietary supplements with 
atheroprotective and hepatoprotective properties, and pharmacological interventions, 
including statins, fibrates, and salicylates for primary and secondary vascular protection 
[38-42]. Additionally, our study demonstrates that metformin decreases HbA1c and BW 
[43]. Multiple studies indicate that metformin alleviates cardiovascular problems [44-46]. 
Nevertheless, the findings of certain studies are inconsistent. Two meta-analyses have 
indicated that metformin does not possess a vasculoprotective effect [47, 48]; however, 
the SPREAD-DIMCAD study reported a 46% reduction in secondary cardiovascular events 
[43]. Inadequate adherence to both non-pharmacological and pharmacological interven-
tions may have led to insufficient control of T2DM in certain participants in this trial. Addi-
tionally, the beneficial effects of metformin monotherapy in T2DM control are exhaustive, 
suggesting the need for intensification of both non-pharmacological and pharmacological 
therapy [49].

Recent research indicates a correlation between the systemic inflammatory response 
and insulin resistance in individuals with T2DM [50-52]. This pilot study also examined 
the inflammatory markers CRP, FFA, PL, UA, and FLI; only the levels of UA and FLI differed 
among the groups. Mitrovic et al. demonstrated that elevated FLI and UA levels serve as 
indicators of liver steatosis and increased atherogenic potential in patients with T2DM and 
metabolic-associated fatty liver disease (MAFLD) [37]. Metformin monotherapy maintains 
inflammation, which limits vascular effects and the advancement of liver steatosis to fibro-
sis and steatohepatitis. A higher risk of cardiovascular morbidity and mortality has been at-
tributed to hyperuricemia [53-56]. Hyperuricemia and CVD are associated with the pro-in-
flammatory and pro-oxidative properties of UA, elevated levels of CRP and IL-6, and the 
production of vascular adhesion molecules, contributing to endothelial dysfunction [57-
60]. Numerous studies have demonstrated a correlation between hyperuricemia, T2DM, 
and metabolic syndrome (MetS) [61-65]. Despite conflicting evidence, hyperuricemia is 
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linked to MAFLD [66-70]. Men experience fatty liver more frequently than women of the 
same age, and men also have higher reference values of UA. Consequently, some studies 
have raised concerns regarding this association in female patients. This is probably linked 
to the uricosuric effects of estrogen [71, 72]. Given the invasive nature of liver biopsy, 
which is the gold standard for diagnosing MAFLD, clinicians employ biochemical markers 
and non-invasive assessments for liver steatosis and fibrosis. From a clinical perspective, 
it is the most reliable strategy for selecting liver biopsy candidates [73]. The combination 
of biochemical markers, non-invasive scores, and radiological imaging findings, such as he-
patic magnetic resonance imaging or transitional elastography, enhances the sensitivity, 
specificity, and accuracy of identifying the most prevalent chronic liver disease [74]. In ad-
dition to abdominal ultrasonography and the grading of hepatic steatosis severity, straight-
forward, quick, and economical scores such as FLI or Fibrosis-4 (FIB-4) may be utilized [75].

The risk of fatty liver diminishes with FLI scores under 30%. Ultrasound diagnostics 
detects fatty liver when the FLI score exceeds 60%, demonstrating a sensitivity of 87.3% 
and a specificity of 80.3% [31]. Furthermore, FLI values above 60% suggest the necessity 
of using methods to detect liver fibrosis early. The FIB-4 score is one of the most utilized 
non-invasive assessments for liver fibrosis in clinical settings, although its accuracy is great-
er for identifying advanced stages of the condition [76, 77]. Furthermore, to evaluate the 
risk and mitigate potential outcomes of MAFLD, such as steatohepatitis, cirrhosis, and he-
patocellular carcinoma, patients identified as having an increased risk of liver fibrosis are 
referred for liver biopsy and pathohistological assessment of liver steatosis [75]. Elevat-
ed FLI scores are significantly associated with increased systemic inflammation, the pres-
ence of T2DM, and increased risk of atherosclerosis [78]. In our investigation, the control 
group showed a reduced FLI, yet it stayed above 30, indicating systemic inflammation that 
presents as clinically undetectable endothelial damage, a precursor to atherosclerosis in 
healthy individuals. However, type 1 DM individuals exhibit earlier onset of atherosclerosis 
[79].

The study’s findings indicate a correlation between FLI score and BW, BMI, and WC, 
suggesting an elevated risk of liver cirrhosis and fibrosis, as well as atherosclerotic chang-
es associated with increased cardiovascular morbidity and mortality. Atherosclerotic out-
comes, including atherosclerotic CVD, in individuals with T2DM are predicted by the FLI 
score [80]. The FLI score can be evaluated by a general practitioner, enabling accurate ex-
pert referral for severe liver and cardiovascular late effects of MAFLD [78-81]. Glycemic 
values exhibit a positive association with FLI scores, PL, and UA levels; HbA1c levels show 
a positive correlation with UA and FLI scores; and LDL-C and HDL-C levels demonstrate a 
negative correlation with UA levels. Poorly controlled diabetes leads to systemic inflamma-
tion and hastens the progression of atherosclerosis, contributing to CVD [82]. The study’s 
findings indicate that male T2DM patients demonstrated elevated blood levels of PL. In the 
group of T2DM patients, no evidence supports the reciprocal effect of inflammatory mark-
ers. The study’s limitations, including the small sample size, the brief duration of T2DM, 
and the possible advantages of metformin therapy, may account for these trends. PLs, 
present in all cell membranes, are essential for various biological activities [83]. Fatty acids 
in PL act as substrates for eicosanoid synthesis, while their degradation products serve as 
intracellular signaling molecules. PLs regulate membrane permeability and fluidity. The fat-



39

ty acid composition of PL reflects the type of dietary lipids and serves as a biochemical bio-
marker for monitoring fatty acid intake [84]. Oxidatively modified phospholipid products 
in atherosclerotic lesions demonstrate their significance [85]. The primary source of FFAs 
is adipose tissue TGs, which break down, releasing FFAs into the bloodstream and serve as 
an important energy substrate [86]. Elevated blood levels of FFAs, resulting from hyper-
trophied adipose tissue, are associated with insulin resistance, DM, MetS, liver steatosis, 
hypertension, myocardial dysfunction, and the progression of atherosclerosis [86]. Addi-
tionally, increased levels of FFAs independently predict CVD mortality [87]. Free fatty acids 
impede the antilipolytic effects of insulin, leading to insulin resistance. The mechanisms of 
FFA-induced insulin resistance involve the intracellular accumulation of triacylglycerol and 
diacylglycerol in insulin target cells, a reduction in tyrosine phosphorylation, specifically 
the decreased activation of insulin receptor substrate (IRS) 1/2, and a subsequent decline 
in IRS/phosphatidylinositol 3-kinase signaling pathways. Furthermore, the activation of nic-
otinamide adenine dinucleotide phosphate oxidase by protein kinase C results in elevated 
production of reactive oxygen species due to FFAs, causing oxidative damage to endothe-
lial cells, hepatocytes, immune cells, and other cell types [86]. FFA activates nuclear factor 
kappa B in endothelial cells, leading to an increased production of inflammatory markers, 
including monocyte chemoattractant protein, TNF-α, IL-6, and interleukin 1β, which play a 
role in the progression of atherosclerosis [88]. Additionally, FFAs enhance the production 
of vascular adhesion molecule-1 and intracellular adhesion molecule-1, which are critical 
markers in the development of atherosclerosis [89].

CONCLUSION

The increasing prevalence of T2DM and its related components of metabolic syn-
drome—obesity, dyslipidemia, and fatty liver disease—necessitates greater attention from 
healthcare professionals. This study, despite its limited sample size, supports the notion 
that both healthy individuals and T2DM patients on metformin exhibit low-grade systemic 
inflammation, highlighting the necessity for proactive and innovative disease management 
strategies. The findings highlight the necessity of implementing proactive preventive mea-
sures to address diabetes, obesity, and hypertension. The insufficiency of existing glycemic 
control in T2DM patients highlights the need for intensifying or adjusting therapeutic strat-
egies according to established guidelines. The presence of low-grade systemic inflamma-
tion in the control group indicates a critical necessity for proactive preventive measures 
to address diabetes, obesity, and hypertension prior to the onset of irreversible compli-
cations. Early detection is fundamental to effective intervention. Addressing additional 
cardiovascular risk factors through non-invasive screening methods, including the FLI and 
liver fibrosis scores alongside ultrasound, is essential for refining risk assessment and iden-
tifying patients who may need more advanced diagnostic procedures, such as liver biopsy. 
Reducing systemic inflammation in patients with T2DM is essential. Targeted interventions 
can significantly enhance patient quality of life by mitigating atherosclerotic changes in 
major arteries, thereby reducing or delaying the onset of severe cardiovascular morbidity. 
An enhanced and proactive strategy for disease prevention and management is crucial for 
mitigating the long-term effects of T2DM.
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