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Background: Aim: The aim of the present study was to assess the correlation 

between ultrasound transient elastography (TE) and serum ferritin (SF) in 

patients of NAFLD. 

Materials and Methods: All the patients of NAFLD (newly diagnosed or old 

patients) were included in the current study after applying inclusion and 

exclusion criteria after taking written and informed consent. A detailed history 

was obtained and thorough clinical examination was done. These patients were 

clinically evaluated for NAFLD by doing detailed general examination, 

systemic examination and then subjected to lab investigations as per protocol. 

Results: Majority of the patients (26.8%) belonged to 40-49 years of age 

(26.8%) followed by 30-39 years of age (24.1%). Mean age was 42.86±12.67 

years. Out of 112 patients, 55.4% were females and 44.6% were males. 66 

patients had hypertension and 38 patients had diabetes mellitus. Mean BMI of 

the study population was 25.86±3.27. Majority of the patients (42.9%) had 

BMI 25-29.9 followed by 23-24.9 (25.9%). Out of total study population, 

48.2% patients had HbA1c <5.7, followed by >6.4 (31.3%) and 5.7-6.4 

(20.5%). Mean ferritin levels in females were 116.66+59.74 ng/mL and Mean 

ferritin levels in males were 204.14+ 111.90 ng/mL. The difference was 

statistically significant. Mean ferritin levels in patients with fibrosis grade F0 

was 68.53+38.03 ng/mL, F1 was 114.28+29.19 ng/mL, F2 was 153.83+33.88 

ng/mL, F3 was 253.21+68.95 ng/mL, and F4 was 389.00+100.72 ng/mL. The 

difference between grades of fibrosis and mean values of ferritin was also 

found statistically significant. 

Conclusion: In this study, a significant relationship was seen between the 

serum ferritin level and liver stiffness as measured by shear wave elastography 

in patients with NAFLD, and it can be used as a non-invasive economic option 

in comparison with liver biopsy and elastography for predicting the severity of 

liver fibrosis among NAFLD patients in a resource limited setting. 
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INTRODUCTION 
 

Non-alcoholic fatty liver disease (NAFLD) 

represents a spectrum of hepatic pathology with fat 

excessively accumulating in the hepatic parenchyma 

in individuals who consume little or no alcohol.[1,2] 

It has become the most common liver disorder 

across the world, with a global prevalence estimated 

to be 25.24%,[3] and still on the rise,[4] heavy in both 

clinical and economic burdens. Noticeably, sex 

differences in NAFLD exist – NAFLD is more 

prevalent and more severe in men than in women 
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during the reproductive age; the differences usually 

get smaller after menopause.[5] 

Generally, NAFLD consists of two subtypes: the 

first is simple steatosis (also termed as NAFL), 

which is nonprogressive; the second is non-

alcoholic steatohepatitis (NASH), which has not 

only steatosis but also hepatocyte damage.[6] NASH 

is progressive and may lead to end-stage liver 

diseases such as fibrosis, cirrhosis, and 

hepatocellular carcinoma, possibly resulting in liver-

related mortality.[7,8] In the United States, one of the 

major causes of adult cirrhosis is NASH, with 

NASH-related cirrhosis recognized as the second 

indication for liver transplantation.[3]  

Hence, clinical evaluation of the disease progression 

in NAFLD patients is important for physicians to 

choose appropriate interventions and assess 

prognosis. NAFLD is an important cause of chronic 

liver injury with a prevalence of 20-50% 

worldwide.[6] As it affects approximately 30% of the 

population, accounting for almost 100 million 

people,[9] it is important to estimate the degree of 

liver steatosis and fibrosis in order to determine the 

optimal treatment, as well as prognosis and 

surveillance of the disease. 

NAFLD encompasses a spectrum of disease, 

including steatosis in which there is non-

inflammatory isolated fat accretion in hepatocytes; 

non-alcoholic steatohepatitis (NASH), a more 

aggressive form of the disease, which is 

characterized by steatosis, inflammatory changes, 

and hepatocyte cell ballooning associated with 

varying degrees of liver fibrosis; and cirrhosis with 

its characteristic collagen bands surrounding liver 

nodules. Hepatocellular carcinoma can arise from 

both pre-cirrhotic NASH and cirrhosis. The different 

stages of disease can regress or progress 

accordingly.[10] NAFLD, diabetes, and 

cardiovascular disease all share a common origin. 

On ultrasound (US), hepatic steatosis appears as 

diffusely increased hepatic echogenicity and is often 

called “bright liver”. This is due to increased 

reflection of the US waves from the bed of the liver 

parenchyma, caused due to fat vacuole accumulation 

in the intracellular space. The evaluation process of 

hepatic steatosis by US depends on the qualitative 

visual assessment of echogenicity of liver 

parenchyma that is then used to determine 

differences in measurements between the echo-

amplitude of the liver and kidneys.[11] 

Traditionally, liver biopsy is regarded as the gold 

standard in the diagnosis of NAFLD. However, due 

to its invasiveness, expense, and the possibility of 

complications, its use is now limited.[12] Recently, 

significant progressions have been made in 

introducing simple and non-invasive methods for 

estimating the degree of liver fibrosis among 

NAFLD.[13] One of this non-invasive methods is 

transient elastography (Fibroscan) which uses 

ultrasound for determining liver stiffness and 

estimating the degree of liver fibrosis.[13,14] 

The aim of the present study was to assess the 

correlation between ultrasound transient 

elastography (TE), serum ferritin (SF) in patients. 

 

MATERIALS AND METHODS 
 

All the patients of NAFLD (newly diagnosed or old 

patients) were included in the current study after 

applying inclusion and exclusion criteria after taking 

written and informed consent. A detailed history 

was obtained and thorough clinical examination was 

done. These patients were clinically evaluated for 

NAFLD by doing detailed general examination, 

systemic examination and then subjected to lab 

investigations as per protocol. A blood samples for 

serum Ferritin was collected and sent to laboratory 

for measurement of serum ferritin levels and Shear 

wave Elastography of the patient was done. Then 

correlation between Serum ferritin levels & Shear 

wave Elastography findings in NAFLD patients was 

done.  

DIAGNOSTIC CRITERIA OF NAFLD: 

According to American Association for the Study of 

Liver Diseases (AASLD)  

1. Evidence of hepatic steatosis (HS) by imaging or 

histology.  

2. No significant alcohol consumption (less than 20 

g/day in female and 30g/day in male).  

3. No competing causes of HS.  

4. No coexisting causes of chronic liver disease. 

INCLUSION CRITERIA:  

Patients between age of 18 to 65 years with fatty or 

coarse liver commented on USG and/or deranged 

LFTs with no obvious other cause of Liver disease 

were included.  

Exclusion Criteria 

• Age <18 years.  

• Pregnant female.  

• Severely Anaemic patients.  

• Patients of viral hepatitis (Hepatitis B & C).  

• Patients with history suggestive of Autoimmune 

Hepatitis.  

• Patients with history suggestive of Acute Viral 

Hepatitis.  

• Patients with history suggestive of 

Decompensated Cirrhosis. 

• Alcohol consumption more than 20 g/d in 

female and 30g/d in male,  

• Patients with history of gastrointestinal (GI) 

tract surgery.  

• Patients with history of total parenteral nutrition 

during last 6 months.  

• Patients with history of consumption of 

hepatotoxic drugs during the last 6 months 

(tamoxifen, glucocorticoids, isoniazid, amiodarone, 

methotrexate, anti- retroviral drugs, estrogen, 

sodium valproate and tetracyclines).  

• Patients with history suggestive of congestive 

heart failure. 

• Patients with any hepatic mass lesion 

• Patients with history of chronic kidney disease 
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• Patients on iron therapy.  

• Patients having sepsis. 

Methodology 

A detailed history was taken to obtain information 

regarding demography, personal history, medical 

history, alcohol consumption and medications.  

Standardized methods were used for measurement 

of all parameters.  

• Weight was done after removing heavy clothing 

by instructing the patients to stand still in the 

platform, with the body weight evenly 

distributed between both the feet. Weight was 

measured to the nearest of 0.1 kg.  

• Height was measured using stadiometer with 

head held in Frankfort plane to the nearest of 

0.1 cm. Body mass index (BMI) was calculated 

by the following formula; weight (kg)/height 

(m2). 

• Waist circumference (WC) was measured mid-

way between iliac crest and lowermost margin 

of the ribs, in quiet breathing using non-

stretchable measuring tape.  

• Hip circumference (HC) was measured at the 

maximum protruding part of buttocks at the 

level of the greater trochanter with the patient 

wearing minimal clothing and with feet together 

using same non stretchable measuring tape.  

• Pulse rate was recorded after 5 minutes of rest. 

• Blood pressure was also recorded after at least 5 

minutes of rest.  

Laboratory Investigations 

The blood samples were drawn from all patients 

after minimum 8 hours of fasting. The venepuncture 

was done in cubital fossa. About 10 ml of blood was 

drawn using perfectly dry and sterile syringes and 

blood was transferred to dried glass vials. Routine 

investigations were done. Serum ferritin levels was 

determined for all samples using the VITROS 

ECi/ECiQ Immunodiagnostic systems, the VITROS 

3600 Immunodiagnostic system and the VITROS 

5600 Integrated System. The VITROS Ferritin test 

was performed using the VITROS Ferritin Reagent 

pack & the VITROS Ferritin Calibrators on the 

VITROS ECi/ECiQ Immunodiagnostic systems, the 

VITROS 3600 Immunodiagnostic system and the 

VITROS 5600 Integrated System using Intellicheck 

Technology. 

Radiological Investigation 

Ultrasound whole abdomen of the patients was done 

after at least 8 hours of fasting Shear wave 

Elastography was done after at least 8 hours of 

fasting.  

1. Abdominal ultrasonography to detect and grade 

the fatty liver infiltration was performed by the 

radiologist.  

2. Shear wave Elastography was performed by the 

radiologist by using sufficient ultrasonic 

coupling agent. The examinations were 

performed by using a 3-12 Mhz linear-array 

transducer (Logic P9). The subjects were in 

supine position. The position of all participants 

was standardized to avoid any discrepancy. The 

stiffness in kPa of the region of interest (ROI) 

was automatically generated based on the 

integrated shear wave elastography software.  

Statistical Analysis 

The recorded data was compiled and entered in a 

spreadsheet computer program (Microsoft Excel 

2010) and then exported to data editor page of SPSS 

version 22 (SPSS Inc., Chicago, Illinois, USA). 

Descriptive statistics included computation of 

percentages, means and standard deviations were 

calculated. Statistical test applied for the analysis 

were Pearson chi-square test, student t-test, One-

way ANOVA and Pearson correlation coefficient. 

The level of confidence interval and p-value were 

set at 95% and 5%. 

 

RESULTS 

 

Table 1: Demographic data 

Age (In Years) Frequency Percent 

20-29 23 20.5 

30-39 27 24.1 

40-49 30 26.8 

50-59 19 17.0 

≥60 13 11.6 

Mean±SD 42.86±12.67 

Gender 

Female 62 55.4 

Male 50 44.6 

Co-morbidities 

Hypertension 66 58.92 

Diabetes Mellitus 38 33.9 

BMI 

<18.5 0 0.0 

18.5-22.9 22 19.6 

23-24.9 29 25.9 

25-29.9 48 42.9 

≥ 30 13 11.6 

Mean±SD 25.86±3.27 

HbA1c 
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<5.7 54 48.2 

5.7-6.4 23 20.5 

>6.4 35 31.3 

Mean±SD 6.53±2.00 

 

Majority of the patients (26.8%) belonged to 40-49 

years of age (26.8%) followed by 30-39 years of age 

(24.1%). Mean age was 42.86±12.67 years. Out of 

112 patients, 55.4% were females and 44.6% were 

males. 66 patients had hypertension and 38 patients 

had diabetes mellitus. Mean BMI of the study 

population was 25.86±3.27. Majority of the patients 

(42.9%) had BMI 25-29.9 followed by 23-24.9 

(25.9%). Out of total study population, 48.2% 

patients had HbA1c <5.7, followed by >6.4 (31.3%) 

and 5.7-6.4 (20.5%). 

 

Table 2: Distribution of LFT among study population 

Parameters Cut off value Frequency (n) Percent 

SGOT 
<59 89 79.5 

>59 23 20.5 

SGPT 
<50 76 67.9 

>50 36 32.1 

ALP 
<126 76 67.9 

>126 36 32.1 

Total 112 100 

 

79.5% had SGOT <59 U/L, whereas 20.5% had 

SGOT >59 U/L. 67.9% had SGPT <50 U/L, 

whereas 32.1% had SGPT >50 U/L. 67.9% had ALP 

<126 U/L, whereas 32.1% had ALP >126 U/L.

 

Table 3: Mean value of iron, ferritin and TIBC in study population 

Parameters N Mean+ Std. Deviation 

Iron 112 79.46+20.20 

Ferritin 112 155.71+96.94 

TIBC 112 340.24+56.06 

 

Mean ferritin levels in females were 116.66+59.74 

ng/mL and Mean ferritin levels in males were 

204.14+ 111.90 ng/mL. The difference was 

statistically significant. 

 

Table 3: Distribution of fibrosis grades according to USG W/A 

USG W/A 

Fibrosis Grades with Stiffness value (kPa) 

Total p value 
F0 (<4.6) 

F1 

(4.6-

5.6) 

F2 

(5.7-7) 
F3 (7.1-12) F4 (>12) 

Fatty Liver Grade I 
27 30 7 3 0 67 

0.001 (Sig.) 
40.30% 44.78% 10.45% 4.48% 0.00% 100.00% 

Fatty Liver Grade II/III 
0 4 12 24 5 45 

0.00% 8.89% 26.67% 53.33% 11.11% 100.00% 

 

Among 67 patients with Fatty Liver Grade 1, 

27(40.30%) of patients had F0 fibrosis, 30(44.78%) 

had F1 fibrosis, 7(10.45%) had F2 fibrosis, 

3(4.48%) had F3 fibrosis and 0% hadF4 fibrosis. 

Among 45 patients with Fatty Liver Grade II/III, 0% 

had F0 fibrosis, 4 (8.89%) had F1 fibrosis, 12 

(26.67%) had F2 fibrosis, 24 (53.33%) had F3 

fibrosis and 5 (11.11%) had F4 fibrosis. This 

difference was found statistically significant. 

 
Figure 1: Distribution of fibrosis grades according to 

USG W/A 

 

Table 4: Distribution of fibrosis grades according to mean value of ferritin 

Fibrosis Grades 
Stiffness 

value (kPa) 
N Mean Ferritin + Std. Deviation p-value 

F0 <4.6 27 68.52+38.03 

0.001 (Sig.) 

F1 4.6-5.6 34 114.27+29.19 

F2 5.7-7 19 153.82+33.87 

F3 7.1-12 27 253.21+68.94 

F4 >12 5 389.00+100.72 

Total 112 155.71+96.93 
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Mean ferritin levels in patients with fibrosis grade 

F0 was 68.53+38.03 ng/mL, F1 was 114.28+29.19 

ng/mL, F2 was 153.83+33.88 ng/mL, F3 was 

253.21+68.95 ng/mL, and F4 was 389.00+100.72 

ng/mL. The difference between grades of fibrosis 

and mean values of ferritin was also found 

statistically significant. 

 

Table 5: Correlation between Ferritin and stiffness value of SWE (in kPa) 

 SWE 

Ferritin 

Pearson Correlation .931** 

Sig. (2-tailed) .000 

N 112 

**. Correlation is significant at the 0.01 level (2-tailed). 

Pearson Correlation between Ferritin and Stiffness value of SWE was also found statistically significant. 

 

Table 6: Distribution of fibrosis grades according to mean value of triglyceride 

Grading Of 

Fibrosis 

Stiffness value 

(kPa) 
N Mean TG + Std. Deviation p-value 

F0 <4.6 27 140.18+103.63 

0.004 (Sig.) 

F1 4.6-5.6 34 159.14+37.96 

F2 5.7-7 19 174.47+42.10 

F3 7.1-12 27 201.22+73.24 

F4 >12 5 236.80+94.71 

Total 112 169.60+74.52 

 

Mean triglyceride value in patients with fibrosis 

grade F0 was 140.19+103.63 mg/dL, F1 was 

159.15+37.96 mg/dL, F2 was 174.47+42.10 mg/dL, 

F3 was 201.22+73.24 mg/dL, and F4 was 

236.80+94.71 mg/dL. The difference between 

grades of fibrosis and mean values of triglyceride 

was also found statistically significant. 

 

Table 7: Distribution of fibrosis grades according to mean value of HbA1c 

Grading Of 

Fibrosis 

Stiffness 

value (kPa) 
N Mean HbA1c + Std. Deviation p-value 

F0 <4.6 27 6.07+1.60 

0.286 (NS) 

F1 4.6-5.6 34 6.48+2.31 

F2 5.7-7 19 6.49+1.88 

F3 7.1-12 27 6.77+1.77 

F4 >12 5 8.14+2.89 

Total 112 6.53+2.00 

 

Mean HbA1C value in patients with fibrosis grade 

F0 was 6.08+1.60919, F1 was 6.49+2.32, F2 was 

6.49+1.89, F3 was 6.77+1.78, and F4 was 

8.14+2.89. The difference between grades of 

fibrosis and mean values of HbA1C was found 

statistically non-significant. 

 

Table 8: Distribution of fibrosis grades according to mean BMI 

Grading of 

Fibrosis 

Stiffness value 

(kPa) 
N Mean BMI + Std. Deviation p-value 

F0 <4.6 27 25.35+2.59 

0.151 (NS) 

F1 4.6-5.6 34 24.99+3.11 

F2 5.7-7 19 26.83+2.78 

F3 7.1-12 27 26.50+3.58 

F4 >12 5 27.28+6.11 

Total 112 25.85+3.27 

 

Mean BMI in patients with fibrosis grade F0 was 

25.35+2.60 kg/m2, F1 was 24.99+3.12 kg/m2, F2 

was 26.84+2.79 kg/m2, F3 was 26.50+3.58 kg/m2, 

and F4 was 27.28+6.11 kg/m2. The difference 

between grades of fibrosis and mean BMI was 

found statistically non-significant. 
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Figure 2: Distribution of Fibrosis grades according to 

mean value of Ferritin 

 
Figure 3: Correlation between Ferritin and stiffness 

value of SWE (in kPa) 

 

DISCUSSIONS 

 

Hepatic steatosis is defined as the accumulation of 

fat in hepatocytes, comprising more than 5% of the 

total weight of the liver.[15] As the global incidence 

of obesity is increasing, the incidence of liver 

steatosis has also increased, representing the most 

common cause of liver disease in Western 

countries.[16] In addition to obesity, this liver disease 

is closely linked to a wide range of metabolic 

comorbidities such as type 2 diabetes, dyslipidemia, 

high blood pressure. At the same time, hepatic 

steatosis is also a common etiology for advanced 

liver diseases such as liver cirrhosis and 

hepatocellular carcinoma.[17] Depending on the risk 

factors, hepatic steatosis can be classified as: 

alcoholic fatty liver disease (AFLD) related to 

alcohol consumption and non-alcoholic fatty liver 

disease (NAFLD) related to obesity and metabolic 

syndrome.[18] NAFLD can be divided according to 

the histological appearance into 2 simplified 

subcategories: simple steatosis (presence of excess 

fat, no inflammation or cell damage) and 

steatohepatitis (NASH-presence of inflammation 

and cell damage, with or without fibrosis).[19] 

In the present study, majority of the patients 

(26.8%) belonged to 40-49 years of age followed by 

30-39 years of age (24.1%). Mean age was 

42.86±12.67 years as compared to study done by 

Mohammed E et al,[20] and Mousavi SRM et al,[21] 

where mean age was 49.2±11.5 and 37.93 ± 12.5 

years, respectively. 55.4% were females and 44.6% 

were males in our study which is consistent with 

study done by Mohammed E et al,[20] where females 

(67.7%) were more in number as compared to males 

(32.3%). Mean BMI of the study population was 

25.86±3.27kg/m2. Majority of the patients (42.9%) 

had BMI 25-29.9 kg/m2 followed by 23-24.9 kg/m2 

(25.9%) which is almost similar in comparison to 

studies done by Roy S and Majumder A,[22] and 

Mousavi SRM et al,[21] where mean BMI was 

27.75kg/m2 and 26.45 ± 4.4 kg/m2, respectively. 

Mean Systolic Blood Pressure was 125.68±14.30 

mmHg and mean Diastolic Blood Pressure was 

76.43±7.33 mmHg. According to ACC/AHA 

guidelines, 28.6% had normal blood pressure, 

21.4% had elevated blood pressure, 22.3% had 

Stage I hypertension, and 27.7% had Stage II 

hypertension. Only 33.9% patients had Type II 

diabetes. Out of total diabetic patients, 44.7% were 

having diabetes since less than last 5 years, 26.3% 

had diabetes since 5-10 years, and 28.9% had 

diabetes since more than 10 years. In study done by 

Roy S,[22] and Majumder A,[20] on Diabetic persons, 

patients had a mean duration of diabetes of six 

years. 

Overall, mean ferritin levels were 155.71+96.94 

ng/mL in the current study. The mean ferritin level 

in males (204.14+ 111.90ng/mL) was more than 

females (116.66+59.74ng/mL) and the difference 

was statistically significant(p<0.001). Similarly, in 

study done by Seyedian SS et al23, males had an 

average ferritin level of 173 ± 136ng/mL which was 

also statistically significant(p<0.001) as compared 

to females (98 ± 94ng/mL). Similar statistically 

significant(p<0.001) results were found in study 

done by Mousavi SRM et al,[21] (serum ferritin 

levels of 280.08 ± 222.92ng/mL in males vs. 97.27 

± 102.77ng/mL in females). On comparison of 

grades of fatty liver with fibrosis grades on SWE, 

among 67 patients with Fatty Liver Grade 1, 

27(40.30%) of patients had F0 fibrosis, 30(44.78%) 

had F1 fibrosis, 7(10.45%) had F2 fibrosis, 

3(4.48%) had F3 fibrosis and 0% had F4 fibrosis. 

Among 45 patients with Fatty Liver Grade II/III, 0% 

had F0 fibrosis, 4(8.89%) had F1 fibrosis, 

12(26.67%) had F2 fibrosis, 24(53.33%) had F3 

fibrosis and 5(11.11%) had F4 fibrosis. This 

difference was found statistically 

significant(p<0.001).  

The mean serum ferritin levels in our study were 

found to be 155.71+96.39 ng/mL and the median 

levels of serum ferritin were found to be 131ng/ml. 

Our study showed that with increase in serum 

ferritin levels, higher grades of fibrosis were found 

on shear wave elastography. The difference between 

grades of fibrosis and mean values of ferritin was 

found statistically significant(p<0.001) in the 

present study. In study done by Parikh P et al,[24] 

univariate analysis showed higher Fibroscan values 

and greater fibrosis in patients with serum ferritin 

levels ≥48 ng/ml which is slightly lower as 

compared to mean and median values of serum 

ferritin found in our study. As shown by present 

study that increase in serum ferritin levels directly 

correlates with grading of fibrosis, the study by 

Kowdley et al,[25] similarly showed an increase of 

the serum ferritin level more than 1.5 times normal 

was an independent factor predicting the advanced 

fibrosis of liver and NASH. Valenti et al,[26] found 

patients with NAFLD had increased serum ferritin 

levels without an increase in hepatic iron store. In 

study done by Seyedian SS et al,[23] the relationship 

between serum ferritin level and liver stiffness 

measured by transient elastography was calculated, 

and among 46 patients with raised serum ferritin 

level (>225 ng/ml in men and >135 ng/ml in 
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women), 23 patients (50%) had mild liver stiffness, 

and among 238 patients with low levels of serum 

ferritin (<225 ng/ml in men and <135 ng/ml in 

women), 203 patients (85.3%) had mild liver 

stiffness and 35 patients (14.7%) suffered advanced 

liver stiffness, and overall, the relationship between 

serum ferritin level and liver stiffness was 

statistically meaningful (P < 0.001). 

 

CONCLUSION 

 

In this study, a significant relationship was seen 

between the serum ferritin level and liver stiffness 

as measured by shear wave elastography in patients 

with NAFLD, and it can be used as a non-invasive 

economic option in comparison with liver biopsy 

and elastography for predicting the severity of liver 

fibrosis among NAFLD patients in a resource 

limited setting. 
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