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ABSTRACT
Aim: Non-alcoholic fatty liver disease (NAFLD) is the most common type of chronic liver diseases and it 
is the hepatic evidence of metabolic syndrome (MetS). But patients with NAFLD have not always MetS, 
and all patients with MetS have not always NAFLD. In our study, we aimed to investigate the factors 
related to NAFLD in patients with non-MetS.    
Material and Methods: Our study was made at least 400 volunteers from 10 randomly selected Family 
Health Centers (FHCs) in our city center. Complete blood counts, biochemical tests and hepatobiliary 
ultrasonography (hUSG) were performed from the individuals. Body mass index (BMI), homeostasis 
Model Assessment of insulin Resistance (HOMA-IR), fibrosis-4 (FIB-4) and BARD scores were 
calculated.  
Results: The prevalence of fatty liver was detected as 33.8% with hUSG. The frequencies of stage 1, 2 
and 3 fatty liver were found to be 71.6%, 25.4% and 3.0%, respectively, in those with fatty liver (n=67). 
In univariate analysis; there were statistically significant differences between those with and without 
fatty liver individuals for the parameters of age, BMI, waist circumference, diastolic blood pressure, 
hemoglobin, AST/ALT ratio, ALT, GGT and triglyceride levels. In multivariate logistic regression analysis, 
BMI (OR: 1.311, p <0.001), hemoglobin (OR: 1,311, p = 0.005), DBP (Diastolic blood pressure) (OR: 
1.046, p = 0.044) were shown to be independently associated factors for fatty liver.
Conclusion: The frequency of non-alcoholic fatty liver disease is also common in patients with non-
MetS. BMI, hemoglobin and DBP are independently associated parameters for NAFLD in those with 
non-MetS.   
Keywords: Non-alcoholic fatty liver disease, Metabolic syndrome, Hemoglobin level, Obesity

ÖZ
Amaç: Non-alkolik yağlı karaciğer hastalığı (NAYKH) en yaygın kronik karaciğer hastalığı türüdür ve 
metabolik sendromun (MetS) hepatik kanıtıdır. Ancak NAYKH’li hastalar her zaman MetS’ye sahip 
değildir ve MetS’li tüm hastalar her zaman NAYKH’ye sahip değildir. Çalışmamızda MetS olmayan 
hastalarda NAYKH ile ilişkili faktörleri araştırmayı amaçladık.   
Gereç ve Yöntemler: Çalışmamız şehir merkezimizde rastgele seçilen 10 Aile Sağlığı Merkezi’nden 
(ASM) en az 400 gönüllü ile yapılmıştır. Bireylerden tam kan sayımı, biyokimyasal testler ve 
hepatobiliyer ultrasonografi (hUSG) yapıldı. Vücut kitle indeksi (BMI), homeostaz Modeli İnsülin Direnci 
Değerlendirmesi (HOMA-IR), fibrozis-4 (FIB-4) ve BARD skorları hesaplandı.
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INTRODUCTION 

Non-alcoholic fatty liver disease (NAFLD) is the most com-
mon type of chronic liver diseases (1). NAFLD is a disease 
characterized by immune system-mediated inflammation 
and progressive liver fibrosis (2,3). The prevalence of NA-
FLD is rapidly increasing worldwide and it is recognized as 
the liver manifestation of metabolic syndrome (MetS) and 
basically plays a role in insulin resistance (IR) (3,4).

Obesity, type 2 diabetes mellitus (DM), age, male sex, 
drugs and sedentary lifestyle are considered as risk factors 
for NAFLD (5). Only 20% - 80% of those with NAFLD have 
all the criteria for MetS. Therefore, MetS alone cannot ex-
actly explain why some people have NAFLD while others 
do not have NAFLD (6,7). The main finding of NAFLD is fat 
accumulation in hepatocytes. Insulin resistance, abnormal-
ities in cytokine regulation, oxidative stress, mitochondrial 
dysfunction are some of the factors thought to be responsi-
ble for the development of the disease. The most important 
mechanism among these is  insulin resistance. The import-
ant role of insulin resistance in the development of fatty liver 
makes this disease closely related to MetS (8). Insulin resis-
tance has an important role in the development of steatosis. 
However, steatosis itself also triggers insulin resistance (9).

In insulin resistance, there is a decrease in plasma lipopro-
teinlipase activity, an increase in plasma triglycerides, high 
sensitivity lipoprotein degradation and hepatic gluconeogen-
esis. Liver and muscles become susceptible to glucose intol-
erance. In addition, increasing plasma free fatty acid concen-
tration is observed in insulin resistance, and free fatty acids 
also stimulate triglyceride accumulation in the liver (10).

In our study, we aimed to investigate the factors related to 
NAFLD in patients with non-MetS.

MATERIALS and METHODS 

The cluster sample method was used to determine the sam-
ple size for our study. Accordingly, at least 40 volunteers in 
each FHCs (Family Health Centers) between the ages of 
18-65 were recruited from 10 randomly selected FHCs in 
our city center. A total of 400 individuals were included in 
the study. As a result of the laboratory tests, 5 individuals 
who were positive for hepatitis B (HbsAg) and 197 individ-

uals with MetS were excluded from the study. Data from 
198 individuals was analyzed (Figure 1). The study was 
approved by the local ethics committee with decision no 
2018/71 dated 21.02.2018. All patients were informed in de-
tail about the study and signed the ‘informed consent form’.

After the anamnesis, physical examination of all subjects 
was performed. Height, body weight and waist circumfer-
ence were measured. Blood pressure (BP) was measured 
after 10 minutes of rest and recorded as systolic BP (SBP) 
and diastolic BP (DBP). Blood samples for complete blood 
count, biochemical tests (glucose, creatinine, ALT, AST, 
ALP, GGT, LDH, total bilirubin, cholesterol, HDL, LDL, 
triglyceride, insulin), HbsAg, Anti-HCV were taken for all 
volunteers who wanted to participate in the study. Hepa-
tobiliary USG was performed to see if there was fatty liver, 
and if there was fat, the degree of fat was determined and 
recorded. Body mass index (BMI), homeostasis Model As-
sessment of insulin Resistance (HOMA-IR) (11), fibrosis-4 
(FIB-4) (12) and BARD (13) scores were calculated. The di-
agnosis of MetS was made by meeting at least three of the 
five criteria according to the Adult Treatment Panel (ATP) 
III (14). 

Exclusion Criteria;

1. Co-morbid diseases (Such as advanced stage chronic 
obstructive pulmonary disease, cancer, end stage renal 
failure, liver cirrhosis, and heart failure),

2. Chronic viral hepatitis,

3. Alcohol usage,

4. Previously known other causes of liver disease,

Bulgular: Çalışmada karaciğer yağlanması prevalansı hUSG ile 33,8 % olarak tespit edildi. Karaciğer yağlanması olanlarda (n = 67) evre 
1, 2 ve 3 yağlı karaciğer sıklığı sırasıyla 71,6 %, 25,4 % ve 3,0 % olarak bulundu. Tek değişkenli analizde; yağlı karaciğeri olan ve olmayan 
bireyler arasında yaş, vücut kitle indeksi, bel çevresi, diyastolik kan basıncı, hemoglobin, AST / ALT oranı, ALT, GGT ve trigliserit düzeyleri 
parametreleri açısından istatistiksel olarak anlamlı farklılıklar vardı. Çok değişkenli lojistik regresyon analizinde, BMI (OR: 1,311, p <0,001), 
hemoglobin (OR: 1,311, p = 0,005), DBP (OR: 1,046, p = 0,044) yağlı karaciğer için bağımsız ilişkili faktörler olarak gösterilmiştir. 
Sonuç: Non-alkolik yağlı karaciğer hastalığı sıklığı, MetS olmayan hastalarda da yaygındır. BMI, hemoglobin ve DBP, MetS olmayanlarda 
NAYKH için bağımsız olarak ilişkili parametrelerdir.
Anahtar Sözcükler: Non-alkolik yağlı karaciğer hastalığı, Metabolik sendrom, Hemoglobin düzeyi, Obezite

Figure 1: Individuals included in the study.
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values for predicting fatty liver. p <0.05 was considered sig-
nificant in all analyses.

RESULTS

The prevalence of fatty liver was detected in hUSG as 33.8% 
(67 of 198 individuals) in the study. Of the 198 individuals, 
94 (47.5%) were male and 104 (52.5%) were female, with 
a median age of 33 (18-65) years. Patients with NAFLD 
were older than those without (35 years (18-65), 31 years 
(18-63), respectively; p =0.026). BMI, waist circumference, 
DBP, hemoglobin and triglyceride levels were significantly 
higher in patients with NAFLD than those without (p< 0.05). 
In addition, the AST/ALT ratio was lower and the number 
of patients with ALT and GGT values above normal was 
higher in patients with NAFLD. But, we could not find any 
significant difference between the two groups in terms of 
MetS components, except waist circumference (Table 1,2).

In multivariate logistic regression analysis, the increase in 
BMI, hemoglobin and DBP were identified as independently 
associated factors for fatty liver in non-MetS patients (OR= 
1.311, p< 0.001; OR= 1.311, p=0.005; OR= 1.046, p= 0.044 
respectively) (Table 3). Independently associated factors 
for fatty liver were further evaluated with ROC curve analy-
sis (Table 4).

5. Determining MetS,

6. Individuals who did not agree to participate in the study.

The SPSS 22.0 package program was used for statistical 
data analyses Descriptive statistics were shown for normal 
distribution of continuous variables as mean ± standard de-
viation, while numerical parameters without normal distri-
bution were shown with median (minimum-maximum). Cat-
egorical variables were represented by numbers and per-
centages. Continuous numerical variables were checked 
by the Kolmogorov-Smirnov Test to determine normality 
of distribution. In the comparison of the two groups, those 
with normal distribution were performed with the T-test, and 
those with abnormal distribution were performed with the 
Mann Whitney U test. In comparison of categorical vari-
ables, Fisher’s exact test and Chi-square test were used 
according to their suitability. In the logistic multivariate re-
gression analysis model, which was performed to determine 
the parameters related to the fatty liver in patients with non-
MetS, all parameters with a p value <0.05 in the univariate 
analysis were included. The parameters associated with fat-
ty liver in multivariate analyses were further evaluated with 
Reciever Operating Characteristic (ROC) Curve analysis 
to determine the optimum cut-off levels and the predictive 

Table 1: Comparison of clinical and demographic characteristics of individuals with and without fatty liver in patients without MetS

Parameters All cases (n=198) Individuals with 
fatty liver   (n=67)

Individuals without 
fatty liver   (n=131) p 

Age (year) 33.0 (18.0-65.0) 35.0 (18.0-65.0) 31.0 (18.0-63.0) 0.026
Sex         male 94 (47.5%) 35 (52.2%) 59 (45.0%) 0.369
DM        yes 4 (2%) 3 (4.5%) 1 (0.8%) 0.113
BMI (kg/m2) 25.5 (19.1-48.1) 28.5 (19.1-48.1) 24.3 (15.8-34.9) <0.001
Waist Circumference (cm) 86 (60-129) 92 (70-129) 82 ( 60-106) <0.001
SBP (mmHg) 117 (95-185) 121 (95-185) 117 (101-165) 0.061
DBP (mmHg) 77 (50-120) 78 (67-120) 75 (50-102) 0.008
FIB-4 score 0.64 (0.18-2.25) 0.64 (0.22-1.90) 0.64 (0.18-2.25) 0.936
BARD score 2 (0-4) 2 (0-4) 2 (0-4) 0.781
Hypertension    Yes 
No (SBP<130, DBP<85, no drug

35 (17.7%)
163 (82.3%)

17 (25.4%)
50 (74.6%)

18 (13.7%)
113 (86.3%) 0.050

Glucose (mg/dl)      < 100
                                ≥ 100

198 (100%)
0

67 (100 %)
0

131 (100 %)
0 ……..

TG (mg/dl)    ≥ 150
                      < 150

18 (9.1%)
180 (90.1%)

6 (9%)
61 (91%)

12 (9.2 %)
119 (90.8%) 1.0

Waist circumference (cm) ≥88(for F), ≥102 (for M)
                                  <88 (for F), <102 (for M)

85 (42.9%)
113 (57.1%)

46 (68.7%)
21 (31.3%)

39 (29.8%)
92 (70.2%) <0.001

HDL(mg/dl) <50(for F), <40(for M)
                   >50 (for F), > 40 (for M)

129 (65.2%)
69 (34.8%)

46 (68.7%)
21 (31.3%)

83 (63.4%)
48 (36.6%) 0.529

Liver Fat Stage       Stage 1
                               Stage 2
                               Stage 3

48 (71.6%)
17 (25.4%)

2 (3.0%)

48 (71.6% )
17 (25.4%)

2 (3.0%)

0
0
0

…….

DM: Diabetes Mellitus, BMI: Body mass index, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, HDL: High density lipoprotein, 
TG: Triglyceride, F: Female, M: Male.
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Table 2: Comparison of laboratory characteristics of individuals with and without fatty liver in patients without MetS

Parameters All cases (n=198) Individuals with fatty 
liver (n=67)

Individuals without 
fatty liver (n=131) p 

WBC (103/mm3) 6.90 (4.07-15.86) 7.23 (4.07-13.24) 6.68 (4.27-15.86) 0.147
Hemoglobin (g/dl) 14.5±1.9 14.9±1.8 14.3±1.9 0.042
RDW (fL) 40.1 (32.1-56.49 39.8 (35.3-49.5) 40.1 (32.1-56.4) 0.431
Platelet (10^3/µL 270.1±63.2 272.9±60.9 268.6±64.5 0.653
MPV (fL 10.5±0.8 10.5±0.8 10.5±0.8 0.875
NLR 1.75 (0.65-13.98) 1.75 (0.86-10.15) 1.76 (0.65-13.98) 0.569
PLR 117.76 (32.65-386.52) 110.3 (59.1-386.5) 118.8 (32.7-302.7) 0.291
Glucose (mg/dL) 85.4±7.1 86.4 ±7.1 84.9±7.1 0.160
Creatinine (mg/dl) 0.80 (0.53-1.46) 0.8 (0.59-1.28) 0.8 (0.53-1.46) 0.353
APRI 0.08 (0.01-0.31) 0.79 (0.03-0.31) 0.09 (0.01-0.21) 0.114
AST/ALT 1.24 (0.15-4.67) 1.0 (0.15-4.67) 1.31 (0.57-4.13) <0.001
ALT (U/L)       (0-50)
                       ( ≥ 50) 18.0 (3.0-98.0) 63 (94%)

4 (6% )
130 (99.2%)

1 (0.8% ) 0.046

AST (U/L)      (0-50)
                      ( ≥ 50) 21.0 (3.0-98.0) 64 (100%)

0 (0%) 
130 (99.2%)

1 (0.8% ) 0.662

ALP (U/L)      (0-120)
                      (≥ 120) 73.0 (8.0-212.0) 64 (95.5%)

3 (4.5% )
129 (98.5%)

2 (1.5% ) 0.215

GGT (U/L)     (0-55)
                      ≥ 55 ) 20.0 (5.0-352.0) 62 (92.5%)

5 ( 7.5% )
129 (98.5%)

2 (1.5%) 0.045

T. chol (mg/dL) 179.7±37.8 185.8±38.5 176.6±37.1 0.104
HDL (mg/dL) 43.0 (24.0-83.0) 43.0 (30.0-76.0) 46.0 (24.0-83.0) 0.303
TG (mg/dL) 121.0 (29.0-830.0) 102.0 (30.0-226.0) 89.0 (40.0-830.0) 0.024
LDL (mg/dL) 113.2±32.1 118.5±32.4 110.5±31.8 0.099
Insulin (µU/mL) 7.83 (2.0-89.5) 8.44 (2.0-89.5) 7.11 (2.0-43.5) 0.179
HOMA-IR 1.62 (0.35-150.16) 1.86 (0.39-21.44) 1.44 (0.35-9.99) 0.137

WBC: White blood cell, RBC: Red blood cell, MPV: Mean plathelet volume, RDW: Erythrocyte distribution width, NLR: Neutrophil lymphocyte 
ratio, PLR: Plathelet lymphocyte ratio, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, ALP: Alkalen phosphatase, GGT: 
Gamma glutamyl transferase, T.chol: Total cholesterol, LDL: Low density lipoprotein, HDL: High density lipoprotein, TG: Triglyceride, 
HOMA-IR: Homeostasis Model Assessment of Insulin Resistance.

Table 3: Multivariate regression analysis of the factors associated with fatty liver in patients with non-MetS

Step1 (Forward Conditional) 
R2 =0.221

Step2 (Forward Conditional)
R2 =0.253

Step3 (Forward Conditional)
R2 =0.270

OR %95 GA p OR %95 GA p OR  %95 GA p
BMI 1.289 1.183-1.404 <0.001 1.321 1.204-1.450 <0.001 1.311 1.193-1.440 <0.001
Hb 1.309 1.085-1.580 0.005 1.311 1.084-1.586 0.005
DBP   1.046 1.001-1.092 0.044

Parameters included in the logistic regression model; Age, DBP (diastolic blood pressure), triglyceride, GGT group, ALT group, ALT / AST 
ratio, hemoglobin (Hb), waist circumference group and BMI (body mass index)

Table 4: ROC curve analysis results of the parameters those independently associated with fatty liver in patients with non-MetS

Parameters Cut-off AUC Sensitivity % Specificity % p value
BMI, kg/m2 >24.45 0.788 91.04 53.44 <0.001
Hemoglobin (g/dl) >13.9 0.596 74.63 45.80 0.022
DBP (mmHg) >74 0.615 76.12 45.80 0.005

BMI: Body mass index, DBP: Diastolic blood pressure. ROC curve analysis was conducted by MedCalc program. Youden index was used 
for detecting cut-off levels (DeLong method).
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in patients with non-MetS and NAFLD. Also, interestingly, 
the increase in hemoglobin level was found to be signifi-
cantly associated with NAFLD and fibrosis in patients with 
non-MetS (22).

The first study to report a relationship between hemoglobin 
and NAFLD is made by Trak-Smayra et al.; they reported 
that there was a positive correlation between free hemoglo-
bin subunits and liver lesions in patients with NAFLD (24). 
Xu et al. examined 8985 cases for NAFLD and showed that 
hemoglobin value was significantly higher in patients with 
NAFLD compared to control (143.3 g / L, 136.4 G / l, respec-
tively). Also in the same study, when they divide the he-
moglobin value into 4 quartiles; showed that the number of 
patients with NAFLD increased with the increase in hemo-
globin value (25). In another study, Yilmaz et al. examined 
357 patients with the biopsy-proven; found that the optimal 
hemoglobin cut-off value was 144 g/L for NAFLD diagnosis 
in patients with non-MetS and NAFLD (22). In our study, 
when we analyzed 198 individuals without MetS; NAFLD 
diagnosis was made with hUSG in 67 individuals and the 
hemoglobin values   of these 67 individuals with NAFLD were 
significantly higher than individuals without NAFLD. In our 
next analysis; we determined that the increase in hemoglo-
bin value in individuals without MetS is an independent risk 
factor for NAFLD (OR = 1,311 p = 0.005) and the cut-off 
hemoglobin value for the diagnosis of NAFLD in individuals 
without MetS was 13.9 g/dl (UAC = 0.596 p = 0.022).

The most important abnormality in NAFLD is elevation in 
liver enzymes, but this is not seen in the majority of patients. 
In NAFLD, the ratio of AST/ALT to less than 1 and increase 
in GGT are associated with increased mortality (26). In our 
study; we found that individuals with NAFLD had a lower 
AST/ALT ratio and higher pecentanges of individuals with 
ALT and GGT values above normal values than without NA-
FLD individuals. We also found that the percentage of indi-
viduals with a waist circumference above normal values (≥ 
88 cm in women, ≥ 102 cm in men) was higher in individu-
als with NAFLD than those without NAFLD. For this reason, 
waist circumference alone may be sufficient as one of the 
diagnostic criteria of MetS to show the association of MetS 
and NAFLD . Studies involving a large number of patients 
are needed for this subject.

The most important limitation of our study is that liver biop-
sy was not performed on the patients. However, biopsy is 
a very difficult situation in epidemiological studies. Another 
limitation is the insufficient number of our study population. 
Our study population was relatively little, because we deter-
mined MetS approximately half of the study population at 
the beginning of the study.

As a result; NAFLD disease is an important public health 
problem because of the increased risk of MetS and cardio-
vascular disease. But, it can be also seen without MetS. 

DISCUSSION

In our study, we found that one-third of individuals without 
MetS had NAFLD. Risk factors for NAFLD in individuals 
without MetS have not yet been fully established. Our study 
is one of the rare studies in the literature investigating the 
risk factors of NAFLD in patients without MetS. In our study, 
we determined that individuals without MetS had BMI > 
24.45 kg/m2, hemoglobin value > 13.9 g/dl and DBP > 74 
mmHg as risk factors for NAFLD.

Obesity, MetS and diabetes mellitus are closely related to 
NAFLD. In addition, the NAFLD prevalence (15% in 2005 
and 25% in 2010) increases in parallel with obesity preva-
lence (15). Only 20% - 80% of those with NAFLD have all 
the criteria for MetS. Therefore, MetS alone can not fully 
explain why some have NAFLD while others do not have 
NAFLD (6,7). Moon et al. studied the clinical status and 
stage of liver fibrosis in patients with NAFLD; they reported 
that only 14 of 25 (56%)  NAFLD patients had metabolic 
syndrome (16). Similarly, Kang et al. reported that 31 of 91 
(31%) NAFLD patients had MetS (17).

While 15% of NAFLD patients have not obesity in devel-
oped countries (18), this rate has been reported to be 75% 
in non-developed countries (19). Yang et al. followed 28880 
individuals without obesity and MetS between 2009 and 
2015 years and included a total of 1092 individuals (NA-
FLD group n = 182, non-NAFLD group n = 910) in the fi-
nal analysis. As a result, they reported that MetS was seen 
more in NAFLD group than in non-NAFLD group during the 
follow-up. Similarly, they reported that prediabetes / type 2 
diabetes, hypertension and dsilipidemia developed more in 
NAFLD group than in non-NAFLD group during follow-up as 
secondary outcome. As a result, they reported that NAFLD 
is an early phenotypic predictor of MetS in metabolically 
healthy individuals (20).

In another study, Makker et al. (21) reported that non-MetS 
and NAFLD patients were associated with preclinical cardi-
ac disease, independent of traditional risk factors such as 
diabetes and hypertension according to echocardiographic 
findings. So; if NAFLD can be detected before the MetS de-
velops, individuals will be able to be protected from future 
cardiovascular diseases and poor metabolic status. 

It has been reported that the presence of MetS in patients 
with NAFLD may lead to increased progression of the dis-
ease and serious liver diseases (such as NAFLD) (22,23). 
The study with the largest biopsy-proven patient popula-
tion (357 patients) was performed by Yilmaz et al. In this 
study; patients with NAFLD and MetS were found to have 
more NAFLD than those without MetS, but no difference 
was reported in patients with and without MetS in terms of 
fibrosis prevalence. In this study, they found that BMI, ALT, 
hemoglobin, ferritin and CRP were associated with fibrosis 
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