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Abstract
Aim: Non-alcoholic fatty liver disease (NAFLD) is the most frequent chronic liver disease. Because 
NAFLD is a complex disease, finding highly specific and sensitive biomarkers for diagnosis is very 
difficult. We investigated the possible relation between steatosis and fibrosis stages determined by Fi-
broScan technique and serum vitamin B12 levels as a non-invasive biomarker in patients with NAFLD. 
Materials and Methods: A total of 129 patients (45.68±12.9 years of age, 29 females) with NAFLD and 
50 healthy subjects (43.44±15.3 years of age, 21 females) were included in this study. FibroScan was 
performed in all patients for the staging of fatty liver fibrosis. Liver enzymes were also analyzed in ad-
dition to serum vitamin B12 and C-reactive protein (CRP) levels. 
Results: There was no difference with respect to age and gender between NAFLD and control groups. 
The serum alanine aminotransferase, aspartate aminotransferase, gamma-glutamyl transferase, and 
CRP levels were significantly higher in the patients with NAFLD than the controls (p<0.05). On the 
contrary, serum vitamin B12 vitamin levels were lower in the patients with NAFLD, compared to the 
controls (352.8±125.2pg/mL vs 435.2±134.4, p<0.01). There was a significant difference in mean se-
rum B12 vitamin levels between the control group (435.2±134.4pg/mL) and the NAFLD subgroups 
with fibrozis staged F0 and F3 (366.17±129.7pg/mL, 285.22±101pg/mL, p<0.01).
Discussion and Conclusion: Serum vitamin B12 levels were found to be significantly low in the pa-
tients with NAFLD in comparison to the control group. This decline in serum vitamin B12 levels was 
even more prominent as hepatic inflammation and fibrosis stage increased (F0–F3), but not in ad-
vanced fibrosis stage (F4).
Keywords: nonalcoholic fatty liver disease; fibrosis; FibroScan; liver; steatosis; vitamin B12

Öz
Amaç: Alkole bağlı olmayan karaciğer yağlanması (NAFLD) en sık rastlanan kronik karaciğer hasta-
lığıdır. NAFLD kompleks bir hastalık olduğu için tanıda kullanılacak spesifik ve duyarlı biyobelirteçler 
bulmak oldukça güçtür. Çalışmamızda NAFLD’li hastalarda kullanılabilecek invaziv olmayan bir biyo-
belirteç olarak transient elastografi (FibroScan) tekniğiyle belirlenen steatozis ve fibrozis skorları ile 
serum vitamin B12 düzeyleri arasındaki olası ilişki araştırılmıştır.
Gereç ve Yöntemler: Çalışmamıza toplam 129 NAFLD hastası (45,68±12,9 yaş, 29 kadın) ve 50 sağlıklı 
gönüllü (43,44±15,3 yaş, 21 kadın) dahil edilmiştir. Tüm hastaların fibrozis evresi FibroScan yöntemiyle 
belirlenmiştir. Serum vitamin B12 ve C reaktif protein (CRP) düzeylerinin yanı sıra çeşitli karaciğer 
enzimleri de incelenmiştir. 
Bulgular: Yaş ve cinsiyet açısından NAFLD ile kontrol grupları uyumlu bulunmuştur. NAFLD hastaların-
da serum alanin aminotransferaz, aspartat aminotransferaz, gama-glutamil transferaz ve CRP düzey-
leri kontrol grubuna göre anlamlı oranda (p<0,05) yüksek bulunurken, serum vitamin B12 düzeyleri ise 
düşük (352,8±125,2pg/mL ile 435,2±134,4; p<0,01) bulunmuştur. Ortalama serum B12 düzeylerinde 
kontrol grubu (435,2±134,4pg/mL) ve NAFLD fibrozis evre F0, F3 alt grupları (366,17±129,7pg/mL, 
285,22±101pg/mL) karşılaştırıldığında anlamlı düzeyde (p<0,01) farklılık olduğu görülmüştür.
Tartışma ve Sonuç: Serum vitamin B12 düzeyinin NAFLD hasta grubunda kontrol grubuna göre an-
lamlı oranda düşük olduğu saptanmıştır. Serum vitamin B12 seviyesindeki bu düşüşün özellikle ka-
raciğer enflamasyonu arttıkça ve fibrozis evresi yükseldikçe (F0–F3) daha belirgin olduğu, ancak ileri 
fibrozis düzeylerinde (F4) anlamlı bir fark görülmediği tespit edilmiştir.
Anahtar Sözcükler: alkole bağlı olmayan yağlı karaciğer hastalığı; fibrozis; FibroScan; karaciğer; ste-
atozis; vitamin B12
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of the Liver (APASL) held in Tokyo from 20 to 24 February 2016.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is one 

of the most frequent chronic liver disease that oc-
curs across all age groups around the world due to 
the growing prevalence of obesity and overweight. 
NAFLD may be asymptomatic in most patients, but it 
is usually related with obesity and signs of metabolic 
syndrome such as type 2 diabetes, dyslipidemia, vis-
ceral adiposity, and hypertension. NAFLD includes a 
spectrum of hepatic pathology from benign hepato-
cellular steatosis to inflammatory nonalcoholic steato-
hepatitis, liver fibrosis, and cirrhosis. It was also shown 
that hepatocellular carcinoma may develop in patients 
with NAFLD (1–3).

The etiology of NAFLD is complex and multifacto-
rial. There are theories which explain development and 
progression of NAFLD. According to the “two-hit hy-
pothesis,” factors such as hepatic accumulation of lipid 
via sedentary lifestyle, the insulin resistance (IR), high 
fat diet, obesity sensitize the liver as the first hit and 
prepare a substructure for the second hit. The second 
hit activates inflammatory processes and fibrogenesis. 
Because this hypothesis cannot explain sufficiently the 
various molecular and metabolic changes in NAFLD, 
however, the “multiple-hit hypothesis” has been devel-
oped. This hypothesis considers multiple effects such 
as insulin resistance, hormones secreted from adipose 
tissue, nutritional factors, and gut microbiota, as well 
as genetic and epigenetic factors which work together 
on genetically predisposed subjects to induce NAFLD 
(4).

Because NAFLD is a complex disease and includes 
a spectrum of conditions, finding highly specific and 
sensitive biomarkers for diagnosis is very difficult. At 
the present time, there are a variety of scoring systems 
and panels for evaluating the progression of fatty liver 
to non-alcoholic steatohepatitis (NASH) and cirrhosis 
by using different non-invasive parameters such as as-
partate aminotransferase (AST), alanine aminotrans-
ferase (ALT), platelet count, age, body mass index, etc. 
But none of them is specific for NAFLD and each has 
different limitations to determine the exact progres-
sion of NAFLD (5). 

Confirmation of NAFLD diagnosis is usually 
achieved by radiologic imaging techniques, and stag-
ing of the disease requires a liver biopsy. Liver biopsy 
is the gold standard for the diagnosis and prognosis of 
NAFLD. However liver biopsy is an invasive procedure 
and leads to serious complications such as pain and 
hypotension. Liver biopsy can also increase the length 
of hospitalization and costs. In recent years some dif-
ferent non-invasive methods such as serum biomark-
ers and imaging methods such as ultrasonography 
and transient elastography (FibroScan) are frequently 
used to assess fibrosis and thus reduce the number of 
NAFLD patients requiring liver biopsy (6,7). 

FibroScan (transient elastometer) is a device to 
examine liver stiffness. Lately published studies have 
shown that transient elastography is a valuable tool to 
detect fibrosis and cirrhosis in chronic hepatitis but has 
limitations in overweight patients. Also in some studies 
it was reported that transient elastography was accurate 
enough to detect high stage of fibrosis and cirrhosis 
without baseline etiology evaluation. Hassemi et al. have 
indicated that considering transient elastography in ad-
vanced fibrosis have results close to liver histology and 
that, because it can demonstrate the progress of liver fi-
brosis, it would be suitable in the follow-up period (8). 

In our study, we tried to reveal the possible relation 
between staging of steatosis and fibrosis determined 
by FibroScan technique and serum vitamin B12 levels 
as a biomarker in patients with NAFLD. 

MATERIALS AND METHODS 
We conducted a retrospective study. Our experi-

mental group consisted of 129 patients with NAFLD 
whereas the control group consisted of 50 healthy con-
trols from check-up outpatient clinic. The study was 
conducted between January 2011 and May 2015 in 
patients admitted to the Hospital’s Gastroenterology 
Clinic with several metabolic complaints compatible 
with liver disease. This study was carried out in accor-
dance with the Helsinki Declaration and approved by 
institutional medical ethics committee. For research 
involving human hospital records, informed consent 
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from each subject was obtained. Presence of the fol-
lowing constituted the exclusion criteria: chronic liver 
disease due to viral hepatitis, autoimmune liver dis-
ease, and metabolic or inherited liver disease, ascites, 
pregnancy, history of atrophic gastritis, megaloblastic 
anemia, malabsorption, Crohn’s disease, vitamin B12 
replacement therapy, and taking medications lowering 
vitamin B12 concentrations.

The grading of fatty liver was performed by using 
four known criteria (hepatorenal echo contrast, liver 
brightness, deep attenuation, and vascular blurring) 
based on ultrasonography performed by two radiolo-
gists with more than 5 years of experience using the 
Aloka SSD-650CL ultrasound machine (Aloka Co., 
Ltd., Tokyo, Japan) (9,10). Classification of fatty liver 
with ultrasound was done in three grades: Mild (Grade 
1): minimal diffuse increase in hepatic echogenicity, 
with normal diaphragm and intrahepatic vessel con-

tour; Moderate (Grade 2): diffuse increase in hepatic 
echogenicity, slight deterioration in the visualization 
of the diaphragm and intrahepatic vessels; and Severe 
(Grade 3): marked increase in hepatic echogenicity, 
posterior segment of the right hepatic lobe is difficult 
to display, poor visualization of the intrahepatic vessels 
and diaphragm contour. Patients with Grade 1 to 3 he-
patic steatosis on USG were included within the study. 

FibroScan is also known as transient elastography 
that is used to evaluate the staging of steatosis and fi-
brosis. It is a reliable non-invasive technique and can 
be used as an alternative of liver biopsy (11). Liver stiff-
ness evaluation (LSE) and liver steatosis detection and 
quantification were done with FibroScan device (Echo-
sens touch 502 powered by VCTE, Paris, France) by a 
certificated hepatologist. LSE scores were measured as 
kilopascal (kPa). At least 10 successful measurements 
and a success rate over 60% with interquartile range/
median ratios of <0.30 were obtained for a valid mea-
surement. In our study, LSE cut-off scores for describ-
ing F0, F1, F2, F3, F4 were <6kPa, 6–7.2kPa, 7.2–9kPa, 
9–11.8kPa, and >11.8kPa respectively. Controlled At-
tenuation Parameter (CAP) was used for detecting and 
quantifying steatosis and was described as dB/m.

Serum vitamin B12 levels were analyzed by us-
ing chemiluminescent microparticle immunoassay 
(CMIA) technology in Abbott Architect ci8200 system 
(Abbott Park, IL, USA).

In addition to serum vitamin B12 levels, blood 
samples of the subjects were evaluated in terms of liver 
enzymes including aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), gamma-glutamyl 
transferase (GGT), alkaline phosphatase (ALP); and 
C-reactive protein (CRP), total bilirubin, albumin, to-
tal cholesterol, triglycerides, high density lipoprotein 
(HDL), low density lipoprotein (LDL), platelet count, 
mean corpuscular volume (MCV), folic acid were ana-
lyzed by Sysmex XN-1000 hematology analyzer (Sys-
mex, Kobe, Japan).

To compare the parameters between test and con-
trol groups, independent t-test was used. The patients 
in the each group were compared with the control 
group and p<0.05 was accepted as statistically signifi-
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Table 1. Biochemical test results and demographic characteristics of 
NAFLD and control groups.

Parameters NAFLD 
(n=129) Controls (n=50) p

Age 45.68±12.9 43.44±15.3 0.381

Gender (F/M), n 29/100 21/29 0.517

Vitamin B12 352.8±125.2 435.2±134.4 0.001

CRP 7.08±13.3 2.45±2.6 0.001

ALT 44.12±33.9 23.56±12.6 0.001

AST 28.75±18.3 20.7±5.9 0.03

GGT 51.44±34.4 21.59±9.3 0.001

ALP 73.11±27.5 64.10±19.6 0.055

Total cholesterol 214.93±49.4 211.92±49 0.668

Triglycerides 158.70±89.9 124.20±72.0 0.199

LDL cholesterol 142.20±38.4 137.66±41.6 0.874

HDL cholesterol 41.12±9.6 49.42±11.2 0.143

Platelet count 240.80±78.6 241.16±50.8 0.977

Hemoglobin 14.56±2.0 13.14±1.5 0.208

MCV 87.71±6.1 85.00±6.1 0.518

Glucose 107.7±34.3 96.12±17.7 0.032

Folic acid 6.63±1.9 7.70±2.7 0.364

Uric acid 5.00±1.2 5.33±1.7 0.674

Body mass index 28.4±3.6 27.8±4.1 0.26
CRP: C-reactive protein; ALT: alanine aminotransferase; AST: as-
partate aminotransferase; GGT: gamma-glutamyl transferase; ALP: 
alkaline phosphatase; MCV: Mean cell volume
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cant. The data were analyzed by using SPSS for Win-
dows 11.0 software.

RESULTS
In our study, there was no statistical difference with 

respect to age and gender between the NAFLD and 
control groups. The serum ALT, AST and GGT levels 
were found significantly higher in the NAFLD patients 
than in the controls (p<0.05). On the contrary, serum 
vitamin B12 levels were lower in the patients with 
NAFLD compared with the controls (352.8±125.2 pg/
mL vs. 435.2±134.4 p<0.01). Although both are in the 
normal reference interval range, vitamin B12 levels 
were significantly lower in our NAFLD group when 
compared to the control group (p< 0.05). BMI values 
were evaluated and found to be within normal limits. 
The values are similar in stages of fibrosis and the con-
trol group. Table 1 summarizes the results of the pa-
rameters analyzed in our study. 

The mean values of vitamin B12 levels and other 
laboratory parameters that were found statistically sig-
nificant between the NAFLD and control groups are 
presented in Table 2 according to staging by ultrasonog-
raphy and in Table 3 according to staging by FibroScan. 

According to the results there was a significant dif-
ference in the mean serum vitamin B12 levels between 
the controls (435.2±134.4pg/mL) and the NAFLD 
patients from the Grade 1 and 2 subgroups (p<0.05) 
determined by ultrasonography. But the difference 
was not statistically significant between the Grade 3 
NAFLD patients and controls.

According to the results there was a significant dif-
ference in the mean serum vitamin B12 levels between 
the controls (435.2±134.4pg/mL) and NAFLD pa-
tients from F0 to F3 subgroups (366.17±129.7pg/mL, 
285.22±101pg/mL, p<0.01) determined by FibroScan. 
But the difference was not statistically significant be-
tween the Grade F4 NAFLD patients and controls. The 
CRP levels of the controls and NAFLD patients from 
F0 to F4 were also compared, and it was found that 
there was statistically significant difference between 
the CRP levels of the NAFLD patients from F1, F3 and 
F4, but not F2.

The association between the B12 and CRP levels 
and steatosis grade from A0 to A3 in the NAFLD pa-
tients determined by FibroScan were also investigated. 
There was statistically significant difference between 
the vitamin B12 levels of the A0 and A3 subgroups of 
NAFLD patients and the control group (Table 4).

DISCUSSION AND CONCLUSION
About a quarter of patients with fatty liver devel-

op liver inflammation (nonalcoholic steatohepatitis-
NASH) and over a quarter of NASH patients develop 
severe fibrosis, which is associated with a high mor-
tality rate. Thus detection of inflammation in fatty 
liver is very important by means of managing NAFLD. 
Inflammation may be diagnosed by microscopic ex-
amination of liver biopsy specimens. However, liver 
biopsy is an invasive procedure that has a serious risk 
of complication (5). In the literature the mortality due 
to liver biopsy is reported to be as high as 2% (12). 

Table 2. The biochemical test results according to ultrasonography grades in test and control groups

Parameter
Ultrasonography

Grade 1(n=83) p Grade 2(n=40) p Grade 3(n=6) p Control (n=50)

Vitamin B12 351.0±125.2 0.01 360.15±126.6 0.01 322.0±96.0 0.05 435.28±134.4

CRP 7.5±14.2 0.01 5.7±12.0 0.06 10.7±11.8 0.01 2.44±2.6

ALT 43.8±35.2 0.01 60.9±38.1 0.01 110±47.7 0.01 23.56±12.6

AST 30.02±24.2 0.01 31.2±16.2 0.01 51.0±15.0 0.01 20.7±5.9

GGT 61.4±19.6 0.01 21.5±9.3 0.01 106.75±50.4 0.01 21.59±9.3

ALP 75.9±33.2 0.03 64.1±19.6 0.18 71.0±18.9 0.45 64.1±19.6
CRP: C-reactive protein; ALT: alanine aminotransferase; AST: aspartate aminotransferase; GGT: gamma-glutamyl transferase; ALP: alkaline 
phosphatase

Vitamin B12 and Fibrosis Score Bolukbas et al.

144Anatolian Clinic the Journal of Medical Sciences, September 2017; Volume 22, Issue 3



Anadolu Klin / Anatol Clin

While ultrasonography has many advantages such 
as safety, low cost, and repeatability (13), at the same 
time it has some important limitations including the 
relatively low sensitivity in detecting minor degrees of 
fatty liver changes, the low accuracy in obese patients, 
the ability to differentiate simple steatosis from NASH 

(14). FibroScan, on the other hand, measures liver 
stiffness which is well correlated with fibrosis stage in 
NASH, can be affected by elevated ALT levels, steato-
sis and may have technical problems especially by the 
presence of abdominal obesity (15,16).

According to the literature, one of the limitations 
of FibroScan is BMI and especially waist circumfer-
ence measurement. There are two probes named as M 
and XL in FibroScan. Any misleading effect of obesity 
can lead to unreliable results that can be minimized 
significantly by probe choice (17,18). To overcome 
this limitation we used both M and XL probes when 
performing FibroScan procedure. When we used XL 
probe we detected LES scores, but not the Controlled 
Attenuation Parameter (CAP) score in obese patients. 
Also, there is no significant difference between our 
NAFLD and control groups in terms of age, sex and 
BMI. We observed hepatosteatosis in all patients in 
our NAFLD group determined by ultrasonography. 
On the other hand, the steatosis grade determined by 
FibroScan was within normal limits in 41 patients, and 
this group was classified as A0. In our A0 group, the 
level of ALT, GGT, CRP were higher and the vitamin 
B12 levels were significantly lower than those in the 
control group. Different types of probes are needed to 
be developed for the evaluation of these cases. 

Vitamin B12 (cobalamin) is a water-soluble cobalt 
containing vitamin with an important role in bio-
chemical processes. Ingested dietary vitamin B12 in 
food is released by the exposition of the low pH within 
the gastric lumen. After the release of vitamin B12, it 
is bound to haptocorrin (transcobalamin I) and car-
ried to the duodenum. In the duodenum vitamin B12-
transcobalamin complex undergo proteolytic cleavage, 
and vitamin B12 is bound to another carrier protein, 
intrinsic factor (IF) that is secreted by the gastric mu-
cosa. This IF-cobalamin complex is absorbed by the 
terminal ileum. Then vitamin B12 dissociates from IF 
and enters the blood circulation where it binds trans-
cobalamin II. Subsequently, vitamin B12 arrives in 
peripheral tissues and the liver via transcobalamin II. 
Vitamin B12 is mostly stored in the liver (19,20).

It is reported in several studies that liver diseases 
such as acute hepatitis, cirrhosis, hepatocellular carci-
noma and metastatic liver disease are associated with 
major changes in vitamin B12 levels in the blood (19).

Ermens et al. have suggested that inflammation-
induced cell degradation causes the release of stored 
cobalamin, which in the circulation predominantly 
binds to haptocorrin. They report that plasma vitamin 
B12 level can reach high values as the severity of liver 
cirrhosis progresses (21).

Joske et al. reported that cirrhosis might be accom-
panied by relative vitamin B12 deficiency, secondary 
to impaired liver storage. This might be due to the 
increased release during hepatic cytolysis and/or de-
creased clearance by the affected liver (22).

Table 3. The biochemical test results according to FibroScan stages in test and control groups

Parameter
FİBROSCAN (Fibrosis Stage)

F0(n=72) p F1(n=17) p F2(n=12) p F3(n=9) p F4(n=19) p Control (n=50)

Vitamin B12 366.17±129.7 0.01 309.59±101.4 0.01 337.73±108.8 0.04 285.22±101.0 0.01 368.24±124.8 0.19 435.28±134.4

CRP 5.1±7.2 0.02 17.02±27.8 0.01 2.4±1.2 0.94 12.4±13.7 0.01 4.86±5.0 0.05 2.44±2.6

ALT 46.2±34.7 0.01 50.00±31.8 0.01 79.1±50.4 0.01 39.71±25.7 0.01 65.64±51.0 0.01 23.56±12.6

AST 28.1±21.4 0.02 30.33±10.7 0.01 40.89±25.4 0.01 23.00±7.5 0.38 47.42±28.3 0.01 20.7±5.9

GGT 51.3±34.3 0.01 64.14±28.9 0.01 41.18±25.7 0.01 88.00±98.4 0.01 111.23±96.8 0.01 21.59±9.3

ALP 68.8±25.7 0.3 79.9±45.7 0.06 71.1±14.6 0.21 87.3±26.0 0.01 81.08±25.3 0.01 64.1±19.6

CRP: C-reactive protein; ALT: alanine aminotransferase; AST: aspartate aminotransferase; GGT: gamma-glutamyl transferase; ALP: alkaline 
phosphatase
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Holdsworth et al. observed in their study that cir-
rhotic patients had lower serum vitamin B12 level. 
They explain that the vitamin B12 stores of the cir-
rhotic liver are already severely depleted and that cel-
lular necrosis could liberate less of the vitamin into the 
bloodstream or the actual rate of cellular damage and 
necrosis gets slower as the fibrosis progresses (23).

In our study the vitamin B12 level was signifi-
cantly lower in the NAFLD group than in the control 
group, and especially the difference between the two 
groups became more significant as the fibrosis grade 
determined by FibroScan increased from F1 to F3. Al-
though in the F4 group the mean vitamin B12 level is 
still lower than in the control group, the difference is 
not statistically significant. However, vitamin B12 level 
in the F4 group is relatively higher than in the F1–F3 
groups. We think that as the severity of the fibrosis pro-
gresses from F1 to F3 the serum vitamin B12 level de-
creases due to the damage in the liver, and vitamin B12 
stores in the liver are liberated slowly. In the F4 group, 
because of the severe hepatocyte necrosis, vitamin B12 
level gets relatively higher than in the F3 group in se-
rum. Since we have a small number of patients in the 
F4 group, further studies with more patients on vita-
min B12 level in advanced fibrosis and cirrhosis are 
needed to be done to prove our hypothesis.

Cobalamin is a cofactor and coenzyme involved in 
many biochemical reactions such as DNA synthesis, 
and methionine synthesis from homocysteine (20). 
Homocysteine levels are measured in some studies 
as an independent risk factor for cardiovascular dis-
ease and atherosclerosis (24,25). Furthermore NAFLD 

and its strong relationship with metabolic syndrome 
has lead scientists to investigate the possible role of 
NAFLD in the development of cardiovascular dis-
ease (CVD). Recent studies also pointed out the asso-
ciation between NAFLD and high cardiovascular risk 
(2,27,28).

Pro-inflammatory cytokines including tumor ne-
crosis factor-alpha (TNF-α) and IL-6 are the major 
stimuli responsible for increased hepatic production 
of C-reactive protein (CRP) in NAFLD (26,27,28). Ac-
cording to various studies, the severity of histological 
features of NAFLD is also strongly correlated to in-
creased hs-CRP levels as well as to increased insulin 
resistance and higher prevalence of the metabolic syn-
drome (MetS). Inflammation, including CRP level, is 
strongly related to insulin resistance and/or MetS (29). 
Thus, in our study high CRP levels can indicate predis-
position to MetS and its risks.

It has been shown that insulin may affect some en-
zymes involved in homocysteine (Hcy) turnover and 
induce hyperhomocysteinemia as a possible compo-
nent of metabolic syndrome. Also, the low status of 
vitamin B12 may be a potential trigger contributing 
to the development of hyperhomocysteinemia. Gulsen 
et al. observed that plasma Hcy concentrations signifi-
cantly correlated with both grade of activity and stage 
of fibrosis in NASH patients (30). Our study is limited 
by lack of Hcy level. 

The literature includes many studies evaluating the 
relationship between liver diseases and serum vitamin 
B12 levels because of the role of the liver in vitamin 
B12 metabolism and storage. These studies especially 

Table 4. The biochemical test results according to FibroScan grades in test and control groups

Parameter
FIBROSCAN (Steatosis Grade)

A0(n=41) p A1(n=19) p A2(n=21) p A3(n=48) p Control (n=50)

Vitamin B12 345.58±119.8 0.01 396.89±127.7 0.28 354.7±157.7 0.47 338.26±112.3 0.01 435.28±134.4

CRP 7.88±14.1 0.01 6.4±9.0 0.01 3.97±4.9 0.12 7.82±15.9 0.02 2.44±2.6

ALT 39.5±31.3 0.01 33.35±15.3 0.01 75.65±39.6 0.01 60.28±44.4 0.01 23.56±12.6

AST 28.9±27.5 0.04 24.13±8.4 0.08 38.72±17.8 0.01 32.92±20.9 0.01 20.7±5.9

GGT 47.03±27.8 0.01 43.33±31.4 0.01 68.94±52.8 0.01 79.73±73.0 0.01 21.59±9.3

ALP 75.39±42.2 0.11 66.85±17.8 0.65 74.31±20.0 0.07 74.47±23.3 0.03 64.1±19.6
CRP: C-reactive protein; ALT: alanine aminotransferase; AST: aspartate aminotransferase; GGT: gamma-glutamyl transferase; ALP: alkaline 
phosphatase
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focus on acute liver diseases, chronic liver diseases, 
and hepatocellular carcinoma (HCC) (20).

Koplay et al. compared 45 NAFLD patients with 
30 healthy controls by means of ultrasonographic 
grading of fatty liver and assessing vitamin B12 lev-
els. They found that the serum vitamin B12 levels were 
significantly lower in the NAFLD patients than in the 
control group, though levels still remained in the refer-
ence range. They proposed that low vitamin B12 levels 
might be associated with NAFLD, especially in grade 2 
and grade 3 hepatosteatosis (31).

Nevertheless there are a few reports addressing the 
relationship of fibrosis in NAFLD and vitamin B12 lev-
els. Polysoz et al. compared serum vitamin B12 levels in 
30 liver biopsy-proven NAFLD patients with 24 healthy 
controls and investigated the association between B12 
levels and disease severity. They did not find any signifi-
cant difference between the two groups (32). 

It has recently been reported that vitamin B12 level 
is an important indicator in the therapeutic process of 
HCV. It has also been emphasized that vitamin B12 de-
ficiency causes impaired production of succinyl-CoA 
and methionine, increasing the risk of hepatic steatosis 
(33). The relation between vitamin B12 and steatosis 
observed in chronic hepatitis has not been clearly re-
vealed yet. This subject is open to dispute. 

If it had been possible to determine the plasma 
cytokeratin 18 (X-18) and its fragment levels in con-
junction with FibroScan method in our study group, 
it would have strengthened our study. Because of the 
design of our study, we could not provide this prog-
ress. We hope further studies will focus not only on the 
diagnosis, but also on the treatment of NAFLD as well.

In conclusion, serum vitamin B12 levels were 
found to be significantly decreased in the patients with 
NAFLD than in the control group. The decline in the 
serum vitamin B12 levels was even more prominent 
as the liver inflammation and fibrosis stage increased, 
but not in advanced fibrosis stage. Further studies are 
needed to determine the role of serum vitamin B12 as 
a biological marker for NAFLD and an inflammatory 
marker in patients with severe liver fibrosis. 
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