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Abstract 
 
Background/Aim. Metabolic syndrome (MS) is charac-
terized by basic cluster risk factors – waist circumference 
(WC), glucoregulation disorders, hypertension, hypertriglyc-
eridemia, low HDL-cholesterol followed by associated fac-
tors such as insulin resistance (IR), C-reactive protein 
(CRP), uric acid, plasminogen activator inhibitor-1 (PAI-1), 
fibrinogen, hyperhomocysteinemia (HHcy), nonalcoholic 
fatty liver disease (NAFLD) and microalbuminuira. The aim 
of this study was to analyze basic and associated factors of 
MS in patients with and without MS as well as correlation of 
siMS score, siMS risk score with basic and confounding fac-
tors of MS. Methods. The study included 148 overweight 
[body mass index (BMI) 25–30 kg/m2

 and obese patients 
(BMI > 30 kg/m2)], age 30–75 years, classified into two 
groups: I – with MS (68 patients); II – without MS (80 pa-
tients). For quantification of MS, siMS score was used as a 
method, and siMS risk score was used as atherosclerotic 
complications risk indicator. Results. Patients with MS had 
statistically higher values of WC, hypertension, triglycerides 
(p < 0.001), glycemia (p = 0.006), as well as values of associ-
ated factors of MS [homeostatic model assessment 

(HOMA-IR)] (p = 0.002), CRP (p = 0.01), uric acid (p < 
0.001), alanin transaminase (ALT) (p = 0.007) i gammaglu-
tamyl transferase (GGT) (p = 0.001) and lower values of 
HDL-cholesterol (p < 0.001) compared to patients without 
MS. siMS score has shown correlation with associated fac-
tors of MS (log HOMA IR, logCRP, uric acid, (p < 0.001), 
fibrinogen (p = 0.005), liver enzymes logALT (p = 0.001) 
and log GGT (p < 0.001) and renal parametars (creatinine (p 
= 0.013) and serum protein (p = 0.006). siMS risk score cor-
related significantly with homocysteine, platelets, uric acid, 
blood urea nitrogen, albumins and proteins. Conclusion. In 
our study we found that patients with MS had higher values of 
associated factors of MS (HOMA-IR, CRP, uric acid, ALT, 
GGT), which was confirmed by correlation with siMS score. 
siMS score further indicated that IR, CRP, fibrinogen, uric acid 
and NAFLD are associated factors of MS. siMS risk score is 
another score that indicated that obesity and hyperprotein diet 
aggravates HHCy with age, increasing the risk for renal dys-
function and promoting atherosclerotic complications. 
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Apstrakt 
 
Uvod/Cilj. Metabolički sindrom (MS) karakterišu osnovni 
faktori rizika [obim struka (OS), poremećaji glikoregulacije, 
hipertenzija, hipertrigliceridemija, nizak HDL-holesterol] 

kao i pridruženi faktori rizika – insulinska rezistencija (IR), 
C-reaktivni protein (CRP), mokraćna kiselina, inhibitor akti-
vacije plazminogena-1 (PAI-1), fibrinogen, hiperhomociste-
inemija (HHci), nealkoholna masna bolest jetre (NAMBJ) i 
mikroalbuminurija. Cilj rada bio je da se analiziraju osnovni 
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i pridruženi faktori rizika od MS kod bolesnika sa i bez MS i 
ustanovi korelacija siMS skora i siMS skora rizika sa osnov-
nim i pridruženim faktorima rizika od MS. Metode. Studi-
jom su bila obuhvaćena 148 bolesnika sa prekomernom te-
lesnom težinom [body mass index ((BMI) 25–30 kg/m2) i go-
jazni (BMI > 30 kg/m2), starosti 30–75 godina, podeljeni u 
dve grupe: I – sa MS (68 bolesnika) i II – bez MS (80 bole-
snika). Korišćeni su siMS skor, kao metod za kvantifikaciju 
MS, i siMS skor rizika, kao indikator aterosklerotskih kom-
plikacija. Rezultati. Bolesnici sa MS imali su statistički zna-
čajno više vrednosti OS, hipertenzije, triglicerida (p < 
0,001), glikemije (p = 0,006), kao i pridruženih faktora rizika 
od MS [HOMA IR (p = 0,002) CRP (p = 0,01) mokraćne ki-
seline (p < 0,001), alanin aminotranferaze (ALT) (p = 0,007) 
i gama-glutamil transferaze (GGT) (p = 0,001)] i niže vred-
nosti HDL-holesterol, (p < 0,001) u odnosu na bolesnika 
bez MS. Skor siMS pokazao je korelaciju sa pridruženim 
faktorima MS [log HOMA IR, logCRP, mokraćnom kiseli-
nom (p < 0,001) i fibrinogenom (p = 0,005), parametrima je-

trene funkcije: logALT (p = 0,001), log GGT, (p < 0,001) i 
bubrežne funkcije: kreatininom (p = 0,013) i serumskim 
proteinima (p = 0,006)]. Skor siMS rizika je statistički 
značajno korelirao sa vrednostima homocisteina, tromboci-
ta, mokraćne kiseline, uree, albumina i proteina. Zaključak. 
Statistički značajno više vrednosti pridruženih faktora rizika 
od MS (HOMA-R, CRP, mokraćne kiseline, ALT, GGT) 
kod bolesnika sa MS potvrđene su i korelacijom sa siMS 
skorom. Skor siMS ukazuje na to da su insulinska rezisenci-
ja, CRP, fibrinogen, mokraćna kiselina, NAMBJ pridruženi 
faktori rizika od MS. Skor siMS rizika ukazuje na to da goja-
znost i hiperproteinski unos povećavaju HHCi sa starenjem, 
te da povećavaju rizik od bubrežnih poremećaja i ateroskle-
rotskih komplikacija. 
 
Ključne reči: 
biomarkeri; homocistein; metabolički sindrom; rizik, 
procena; faktori rizika. 

 

Introduction 

Hyperhomocysteinemia (HHcy) was found in some 
age-related clinical entities such as osteoporosis, hypothy-
roidism, cardiovascular diseases (CVD), cancer, end-renal 
stage disease and neurodegenerative diseases. Homocysteine 
(Hcy) is increased by several mechanisms as methionine en-
riched diets, defects in the methionine metabolism and B6, 
B12 and folate deficits 1. 

Plasma Hcy directly correlates with age, waist circum-
ference (WC), fasting glucose, triglyceride, uric acid, fi-
brinogen levels, insulin resistance, and inversely with 
creatinine clearance, and HDL-cholesterol 2. 

Animal studies suggested HHcy as additional compo-
nent of the metabolic syndrome (MS). Studies were based on 
theory that insulin might affect Hcy metabolism, in which 
hyperinsulinism caused increased levels of Hcy 3, 4. Further 
studies have shown that MS and HHcy are established inde-
pendent risk factors for CVD, and HHcy might be co-
founding factor of MS 5, 6. 

In our previous studies correlation of siMS score with 
Hcy indicated that Hcy is a co-founding factors of MS. 7 
siMS score defined by Soldatović et al. 8 presents summary 
score of all MS factors [abdominal obesity, glycemia, sys-
tolic and diastolic blood pressure, triglycerides and high den-
sity lipoprotein (HDL)-cholesterol]. siMS score correlates 
with values of uric acid, microalbuminuria, fibrinogen, as 
well as with an inflammation parameter, C- reactive protein 
(CRP) 7. Next clinical entity, nonalcoholic fatty liver disease 
(NAFLD) is also considered as a sign of MS. NAFLD is a 
chronic liver disease, which includes a spectrum of hepatic 
pathology from simple steatosis, steatohepatitis, to cirrhosis. 
Incresed Hcy may be associated with hepatic fat accumula-
tion, both caused by hyperinsulinism 9. Hcy induces endothe-
lial cell injury and impairs vasodilatation by increased inac-
tivation of nitric oxide and decreased generation of nitric ox-
ide 10. Hcy promote oxidative stress in vascular cells and tis-
sues by reactive oxygen species (ROS), who have been 

shown to cause endothelial injury and the development of 
atherosclerosis 11. Correlation between Hcy, hypertension 
and hyperlipoproteinemia indicated that Hcy could be pro-
moting factor for atherosclerosis 12. 

The aim of this study was to analyze and correlate MS 
cluster factors [WC, glycoregulation disorders, hypertension, 
hypertrigliceridemia, low HDL-cholesterol] and associated 
factors of MS [insulin resistance, CRP, uric acid, plasmino-
gen activator inhibitor-1 (PAI-1), fibrinogen, HHcy, NAFLD 
and microalbuminuria] in patients with MS and without MS. 
siMS score and siMS risk score correlation with basic cluster 
MS factors and associated factors were also examined. 

Methods 

The study included 148 overweight [body mass index 
(BMI) 25–30 kg/m2] and obese (BMI > 30 kg/m2) patients, aged 
30–75 years, classified into two groups: I – with MS (68 pa-
tients), and II – without MS (80 patients). Measured anthropom-
etric parameters were body weight (BW), body height (BH), 
BMI, and WC. BMI was calculated as BW in kilograms divided 
by the square of BH in meters. Blood pressure (BP) was meas-
ured in seating position using sphygmomanometer. Oral glucose 
tolerance test (OGTT) with 75 g glucose was used for estimation 
of glycoregulation early disorders. Values of glycemia and insu-
lin were measured during OGTT in 0, 30 and 120 min. Lipid 
status was determined by total cholesterol, HDL-cholesterol, 
low density lipoprotein (LDL)-cholesterol, triglycerides by spec-
trophotometer methods and apolipoprotein (Apo) A1, Apo B, 
Apo E and lipoprotein a [Lp(a)] by immunochemical methods. 
The Adult Treatment Panel (ATP) III classification was applied 
for diagnosing MS. A diagnosis of MS was confirmed if three 
out of five parameters were found as follows: WC > 102 cm for 
males and > 88 cm for females, BP > 135/85 mm/Hg, fasting 
blood glucose > 6.1 mmol/L, increased triglycerides (> 1.7 
mmol/L), decreased HDL-C (< 1.03 mmol/L for males and 
HDL-C < 1.29 mmol/L for females). Patients who consumed 
more than 2 units of alcohol per day (for females), or 3 units per 
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day (for males), or more than 14 units per week (females) and 
21 units per week (for males) were excluded from the study [one 
unit of alcohol (10 g) is equivalent to one glass of whiskey – 
3 cL, or one glass of brandy – 3 cL, or one glass of wine – 
20 cL, or one glass of beer – 25 cL) 13. 

In this study we analyzed cluster factors of MS and as-
sociated factors such as insulin resistance, Hcy, CRP, PAI-1, 
fibrinogen, uric acid, liver and renal function parameters. In-
sulin was measured using radioimmunoassay method. Insulin 
resistance and insulin sensitivity was determined by Homeo-
static Model Assessment Insulin Resistance (HOMA IR): 
HOMA-IR = insulinemia (mU/L) × glycaemia (mmol/L)/ 
22.5 (cut off value is 3.2 µmol/mU/mL). Hcy as an inde-
pendent marker of atherosclerosis was determined on Ab-
bott´s Architect analyzer, using CMIA technology. Levels of 
CRP, as an inflammation marker, were determined by im-
munometric method. PAI-1, as an thrombogenic marker, was 
determined by plasminogen substrate essay. Liver function 
parameters determined were aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), gamma-glutamyl-
transferase (GGT), albumin, total proteins. Renal function 
parameters, determined by immune-nephelometric method, 
were: urea, creatinine, creatinine clearance, microalbuminu-
ria from 24-hour urine. Soldatovic et al. 8 established a new 
siMS score for MS quantification, simple for clinical use and 
scientific research. 

The formula for siMS score using MS reference values 
is calculated as follows: 

 
Age and positive family anamnesis were added to siMS 

score; siMS risk score, useful for cardio/cerebrovascular 
events risk evaluation, was thus obtained 14. 

 
Complete internist-cardiology examination: ECG, BP 

and other methods necessary or possible to determine the 
cardiac status were carried out. 

Ethics 

The Ethics Committee of the Faculty of Medicine, Uni-
versity of Belgrade approved the present study. All patients 
have given their consent. 

Statistics 

Data are presented as count (%) or mean ± standard de-
viation, depending on data type. Student's t-test and Mann-
Whitney U test were used to assess significant differences 
between groups. Pearson's correlation was used to explore 
the significant relationship between Hcy and other parame-
ters. All p values less than 0.05 were considered significant. 
All data were analyzed using SPSS 20.0 (IBM corp.) statisti-
cal software. 

Results 

Average age of 68 patients with MS was 46.69 ± 15.04 
years, while average age of patients without MS was 47.73 ± 
16.66 years (p > 0.5). MS was found in 45.95% of 80 pa-
tients. The gender distribution was as follows: in the MS 
group, there were 20.3% of male and 79.7% of female pa-
tients, while in the group of MS free patients, there were 
5.6% of male and 94.4% of female patients. 

Anthropometric parameters (BW, BMI, WC, systolic 
BP, diastolic BP, mean BP (p < 0.001) were statistically 
much higher in patients with MS than in patients without 
MS. Higher fasting glycemia (p = 0.006) and significantly 
higher values of triglycerides (p < 0.001) as well as lower 
HDL-cholesterol (p < 0.001) were also found in patients with 
MS (Table 1). The distribution of patients regarding to each 
criterion, showed that the increased WC had 88.0% of pa-
tients, 48.2% of patients had hypertension, 21.2% of patients 
had hyperglycemia, 45.9% of patients had increased triglyc-
eride values and 38.1% of patients had decreased HDL-
cholesterol.

 
Table 1 

Anthropometrical and biochemical parameters in patients with metabolic syndrome (MS) and without MS 
Parameter With MS Without MS p-value 
Age (years), mean ± SD 46.7 ± 15.0 47.7 ± 16.7 0.695 
Gender (male), n (%) 21 (30.9) 15 (18.8) 0.086 
Alcohol consumption, n (%) 13 (20.3) 4 (5.6) 0.009 
BW (kg), mean ± SD 97.3 ± 20.1 82.7 ± 17.1 < 0.001 
BMI (kg/m2), mean ± SD 33.2 ± 6.1 29.5 ± 6.1 < 0.001 
WC (cm), mean ± SD 105.8 ± 14.4 92.7 ± 14.2 < 0.001 
sBP (mmHg), mean ± SD 135.8 ± 12.1 118.7 ± 11.2 < 0.001 
d BP (mmHg), mean ± SD 88.1 ± 8.8 77.8 ± 8.8 < 0.001 
BP mean (mmHg), mean ± SD 104.0 ± 8.9 91.4 ± 9-2 < 0.001 
Cholesterol (mmol/L), mean ± SD 5.9 ± 1.2 5.8 ± 1.2 0.669 
HDL-C (mmol/L), mean ± SD 1.22 ± 0.3 1.45 ± 0.3 < 0.001 
LDL-C (mmol/L), mean ± SD 3.65 ± 1.2 3.7 ± 1.1 0.627 
Triglycerides (mmol/L), mean ± SD 2.1 ± 0.9 1.3 ± 0.5 < 0.001 
Glycemia (mmol/L), mean ± SD 5.4 ± 1.4 4.9 ± 0.8 0.006 

BW – body weight; BMI – body mass index; WC – waist circumference; sBP – systolic blood pressure; dBP – diastolic blood 
pressure; HDL-C – high density lipoprotein cholesterol; LDL-C – low density lipoprotein cholesterol; SD – standard 
deviation. 
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Table 2 
Metabolic syndrome (MS) associated parameters in patients with metabolic syndrome (MS) and without MS 

Parameter With MS Without MS p-value 
Homocysteine (µmol/L) 13.3 ± 3.6 12.9 ± 4.2 0.119 
Insulin fasting (mlU/L) 31.2 ± 31.5 20.9 ± 16.8 0.007 
Insulin at 120 minute (mlU/L) 61.6 ± 42.3 45.8 ± 45.4 0.014 
Mean value insulin (mlU/L) 63.0 ± 52.8 52.8 ± 36.8 0.066 
HOMA IR (µmol/mU/mL) 7.7 ± 8–6 4.5 ± 3.7 0–002 
CRP (mg/dL) 5.5 ± 6.8 3.7 ± 5.4 0.00 
Uric acid (µmol/L) 359.2 ± 85–6 307.3 ± 77.9 < 0.01 
Fibrinogen (g/L) 268-5 ± 62.8 253.4 ± 63.1 0.153 
Thrombocytes (109/L) 3.8 ± 0–8 3.7 ± 0–7 0.517 
PAI-1 (U/mL) 5.98 ± 1.84 5.77 ± 1.78 0.776 
AST (U/L) 25.2 ± 15.2 22.9 ± 7.6 0.227 
ALT (U/L) 29.7 ± 20.3 23.0 ± 11.8 0.007 
GGT (U/L) 28.7 ± 14.8 19.5 ± 11.9 < 0.01 
Urea (mmol/L) 4.9 ± 1.3 4.7 ± 1.1 0.467 
Creatinine (µmol/L) 76.9 ± 15.8 72.9 ± 15.1 0.115 
Creatinine clearance (mL/min) 121.7 ± 57.3 111.4 ± 33.4 0.224 
Microalbuminuria (mg/24 h) 81.9 ± 80.8 55.9 ± 57.4 0.225 
ApoB (g/L) 1.64 ± 0.38 1.61 ± 0.27 0.603 
ApoA1 (g/L) 1.12 ± 0.28 0.96 ± 0.26 0-004 
Apo A2 (g/L) 357.9 ± 65.5 351.0 ± 66.6 0.674 
Apo E (g/L) 47.0 ± 12.3 43.3 ± 14.5 0.255 
Lp (a) (g/L) 0.166 ± 0.185 0.236 ± 0.290 0.223 

The results are expressed as mean value ± standard deviation. 
HOMA IR – Homeostatic Model Assessment of Insulin Resistance; CRP – C-reactive protein;  
PAI-1 – plasminogen activator inhibitor-1; AST – aspartate aminotransferase; ALT – alanine  aminotrasferase;  
GGT – gamma glutamyl transferase; Apo – apolipoprotein; Lp – lipoprotein. 

 
 
Insulin values (p = 0.007), insulin at 120 min during 

OGTT (p = 0.014), mean value insulin in OGTT (p = 0.066) 
and HOMA-IR (p = 0.002) were significantly higher in pa-
tients with MS. Higher Apo B (p = 0.01), CRP (p = 0.01), 
uric acid (p < 0.001) and liver enzymes ALT (p = 0.007) and 
GGT (p < 0.001) were also found in patients with MS. 
Thrombocytes, fibrinogen, PAI-1, urea, creatinine, creatinine 
clearance, microalbuminuria values were higher in patients 
with MS then in those without MS but without any signifi-
cance (p > 0.5) (Table 2). 

In order to determine the effect of MS on liver enzymes, a 
dual factorial analysis of variance was used, in which MS and 
alcohol consumption were independent variable, and ALT and 
GGT were dependent variables. Based on this analysis, it was 
found that MS correlates with ALT and GGT independently of 
alcohol consumption (p = 0.011; p < 0.001). 

Presence of MS risk factors in patients with MS was as fol-
lows: 6.9% patients were with no MS factors, 17.2% had one MS 
factor, 31% had two MS factors, 26.9% had three MS factors, 
15.2% had four MS factors and 2.8% had all five MS factors. 

Hcy correlated significantly (Pearson’s correlation) 
with values of thrombocites (p=0.046), urea (p = 0.002), 
creatinine (p = 0.006), creatinine clearance (p = 0.047) and 
siMS risk score (p = 0.015). 

The siMS score confirmed significant correlation with 
log CRP, uric acid, log HOMA IR, log GGT (p < 0.001), log 
ALT (p = 0.001), thrombocytes (p = 0.01), fibrinogen (p = 
0.005), proteins (p = 0.006), creatinine (p = 0.013). This risk 
score showed a statistically significant correlation with val-
ues of urea (p < 0.01), albumin (p = 0.003), total proteins (p 

= 0.057), thrombocytes (p = 0.046), uric acid (p = 0.038), 
and Hcy (0.015) (Table 3). 

 
Table 3 

Pearson' correlation analysis of siMS score and siMS  
risk score, and various parameters of metabolic  

syndrome (MS) 
Parameter siMS score siMS risk score 
Homocysteine 0.120 (0.177) 0.215 (0.015) 
Log HOMA IR 0.457 (< 0.001) 0.130 (0.181) 
Log CRP 0.333 (< 0.001) -0.125 (0.189) 
Uric acid 0.336 (< 0.001) 0.183 (0.038) 
Fibrinogen 0.250 (0.005) -0.099 (0.272) 
Thrombocytes 0.281 (0.001) -0.176 (0.046) 
Log ALT 0.281 (0.001) 0.105 (0.237) 
Log GGT 0.369 (< 0.001) 0.114 (0.211) 
Total proteins 0.241 (0.006) -0.168 (0.057) 
Albumin 0.037 (0.681) -0.265 (0.003) 
Urea 0.040 (0.649) 0.388 (< 0.001) 
Creatinine 0.218 (0.013) -0.115 (0.191) 

*Results are presented as correlation coefficient rho and  
p-value (in brackets). 
HOMA – Homeostatic Model Assessment; CRP – C-reactive 
protein; GGT – gamma glutamyl transferase. 

 
Figure 1 shows the correlation between siMS score and 

log HOMA IR, log CRP, fibrinogen, log ALT, log GGT, and 
Hcy. 
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Fig. 1 – Correlation between siMS score and log Homeostatic Model Assessment Insulin Resistance (HOMA IR),  
log C-reactive protein, fibrinogen, log alanine aminotransferase (ALT), log gamma glutamyl transferase (GGT)  

and homocystein. 
 
 
Discussion 

Chronic diseases as diabetes, osteoporosis, hypothy-
roidism, as well as renal dysfunction and diet are considered 
to be associated with moderately elevated Hcy concentra-
tions 15. Hcy is amino acid formed in metabolism cycle of 
methionine to cysteine. HHcy is recognized as an independ-
ent risk factor for atherosclerosis 14. Connection of Hcy and 
insulin resistance is explained by disruption of insulin signal-
ing by Hcy interfering phosphorylation of insulin receptors. 
The result of this impaired insulin receptor signal cascade is 
lowered GLUT4 translocation to the plasma membrane and 
therefore reduced glucose uptake 16. Catena et al. 2 showed 
that plasma Hcy was directly correlated with age, a factor of 
MS and insulin resistance, while inversely correlated with 
creatinine clearance and HDL-cholesterol, vitamin B12, and 
folate levels. A correlation of Hcy with hypertension and hy-
perlipoproteinemia in our previous studies indicates that Hcy 
can be an important indicator of risk for atherosclerotic com-
plications and their progression 12. Sheu et al. 17 found in 
their studies higher Hcy values in hypertensive patients than 
in normotensive ones, and significant correlation of plasma 
Hcy with insulin values in OGTT was also found. The latest 
results of our studies showed a positive correlation of Hcy 
with a long term glycoregulation parameter HbA1C, HOMA-
IR, Apo B, and negative correlation with Apo E. The siMS 
score significantly correlated with Hcy, uric acid, microal-
buminuria, a thrombosis factor – fibrinogen, an inflammation 
factor – CRP, and confirmed that these are metabolic syn-
drome assiciated factors 7. Our study in patients with coro-
nary heart disease showed correlation between Hcy and sys-
tolic BP, triglycerides and uric acid, which confirms associa-

tion of Hcy with insulin resistance and MS as well as the fur-
ther risk of atherosclerosis complications 18. 

Patients with MS covered by the present study were 
characterized by statistically important much higher values 
of anthropometric parameters (BW, BMI, WC), BP, triglyc-
erides, insulinemia in OGTT at 0 min and 120 min, mean 
value of insulin levels, HOMA-IR, CRP, uric acid, Apo B as 
well as liver function parameters ALT and GGT as markers 
of NAFLD, and statistically lower HDL-cholesterol. Summa-
rized above mentioned, these results showed that patients 
with MS had higher values of basic cluster factors of MS 
(WC, hypertension, hyperlipoproteinemia type IV) as well as 
values of associated factors of MS such as hyperinsulinemia, 
insulin resistance, CRP, uric acid and NAFLD.  

Abdominal obesity and insulin resistance have a sig-
nificant role in MS development 19. Recent studies have 
shown that patients with MS have significantly higher levels 
of high sensitive CRP, compared to the control group, which 
is a marker of chronic inflammation in patients with MS, 
whose values increased linearly with the increase number of 
factors for MS 20. Obesity is characterized by elevated levels 
of inflammatory factors such as CRP and prothrombogenic 
factors such as fibrinogen, which occur before other MS dis-
orders and are useful in the assessment of cardiovascular 
risk 21. 

Results obtained by Dimitrijević-Srećković et al. 22 in-
dicate the existence of NAFLD even in the youngest obese 
population: children (7.3%), adolescents (18.9%), and youth 
20 to 30 years old (29%). NAFLD is a liver sign of MS, 
while youth with NAFLD manifested, besides increased 
ALT and GGT values, abdominal obesity, hyperinsulinism in 
OGTT, pronounced insulin resistance, increased triglyc-
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erides, CRP and uric acid. The study of Čolak et al. 23 have 
also shown elevated liver enzymes in obese students with in-
creased risk for CVD. Other studies of obese and adolescent 
population indicate the association of NAFLD with insulin 
resistance 24. 

In the present study, siMS score showed a correlation 
with MS associated factors (log CRP, uric acid, log HOMA-
IR, fibrinogen, thrombocytes), liver parameters (log ALT, 
log GGT) and hyperproteinemia, retention of nitrogen sub-
stances and increased risk for kidney damage. The correla-
tion of siMS score with liver function parameters indicates 
that fatty liver is a MS associated factor. Hcy is an interme-
diate in methionine metabolism, which takes place mainly in 
the liver 25. Impaired remethylation of Hcy to methionine 
leads to increased levels of Hcy promoting the liver damage 
from NAFLD to non alcoholic steatohepatitis 26. 

Correlation of siMS score with renal function parame-
ters, creatinine and total proteins, as shown in the present 
study, indicates that even initial renal function disorders can 
represent MS associated factors. Higher values of microal-
buminuria in patients with MS, compared to patients without 
MS, indicate the initial stage of kidney damage in obese pa-
tients. Our previous study has shown the appearance of mi-
croalbuminuria in obese children, adolescents and young 
people, which is normalized after weight reduction 27. Corre-
lation of homocysteine with platelets, renal function parame-
ters (urea, creatinine, creatinine clearance) and siMS risk 
score was also confirmed. Hyperprotein diet based on meat 
and dairy products, most frequent in MS obese people nutri-
tion, can contribute to increased glomerular filtration with 
increased creatinine clearance and provoke HHcy and renal 
damage. Berstad et al. 28 have shown that higher intake of an-
imal saturated fatty acids correlates positively with higher 
Hcy levels. Microalbuminuria as associated factor of MS is a 
strong indicator of CVD and renal dysfunction. It is sug-
gested that HHcy enhances oxidative stress, inducing endo-
thelial and mesangial cell dysfunction, resulting in microal-
buminuria 29. High animal-protein diet correlates positively 
with high Hcy levels, whereas high plant-protein diet in-
versely correlates with total Hcy levels 30. A correlation of 
siMS score with liver and renal function parameters indicates 
that disorders of these systems could appear in obese MS pa-
tients as associated MS factors. HHcy can be caused by in-
creased intake of proteins from dairy and meat products ab-

ounding in saturated fats of animal origin and reduced intake 
of vegetables rich in folic acid, which all contributes to pro-
gression of atherosclerotic complications, fatty liver and re-
nal damage. 

In the present study, siMS risk score correlated with 
Hcy, platelets, uric acid and renal function parameters (urea, 
total albumins and proteins). Our results also indicate that 
HHcy increases with age and represents a vascular complica-
tions risk indicator. Correlation with uric acid indicates that 
hyperproteinic intake could contribute considerably to vascu-
lar complications and values of total proteins and albumins. 

Mediterranean diet, rich in dietary fibers and complex 
carbohydrates in fruits, vegetables and cereals, monounsatu-
rated fats in olive oil, omega-3 polyunsaturated fats in fish 
and reduction of saturated fats and proteins of animal origin 
proved favorable effects on body mass reduction, glycoregu-
lation, hypertension, lipid status, insulin resistance, inflam-
matory and thrombotic factors, and HHcy 30. Han et al. 31 
highlight the importance of increasing folic acid and vitamin 
B supplementation, diet which consists of daily fruit and 
vegetable intake, healthy lifestyle based on regular exercise 
and refraining from tobacco smoking and alcohol consump-
tion for prevention of HHcy. 

Conclusion 

Patients with MS had statisticaly significant higher val-
ues of MS associated factors (HOMA-IR, CRP, uric acid, 
ALT, GGT) which correlated well with siMS score. siMS 
score correlation with fibrinogen, creatinine and proteins in-
dicated that thrombosis factors, so as renal function pa-
rametars could be associated with MS. Used as a method of 
MS quantification, siMS score confirmed that MS patients 
have an increased risk for glycoregulation disorders – pre-
diabetes and diabetes type 2 (abdominal obesity followed by 
hyperinsulinism and insulin resistance), hyperlipoproteine-
mia type IV (elevated triglycerides and low HDL-
cholesterol), and hypertension. siMS score further indicated 
that insulin resistance, IR, CRP, fibrinogen, uric acid and 
NAFLD are associated factors of MS. siMS risk score is an-
other score that indicated that obesity and hyperprotein diet 
aggravates HHCy with age, increasing the risk for renal dys-
function and promoting atherosclerotic complications. 
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