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Background: Non-alcoholic fatty liver disease (NAFLD) is a chronic inflammatory disease 
with excessive fat accumulation in the liver. Transient elastography (TE) with controlled 
attenuation parameter (CAP) is a device and method to examine the degree of fibrosis and 
steatosis. However, this device is not widely available across Indonesia. Neutrophil and 
lymphocyte ratio (NLR) is a simple marker for inflammation, which has a potency to predict 
disease outcome. This study aims to know the diagnostic value of NLR as the indicator of 
steatosis and fibrosis severity.
Methods: This was a cross-sectional study with consecutive sample collection. We used 
secondary data from medical records, starting from 2016 to 2018. A descriptive and data 
analysis, including correlation test, multivariate linear regression, t-test, receiver operating 
curve (ROC) and area under the curve (AUC) were done to find out the outcome of the study. 
Statistical analyses were performed using Statistical Package for Social Sciences (SPSS) 
Version 20.0 (SPSS Inc, Chicago, Illinois). A P value <0.05 was considered as statistically 
significant.
Results: Out of 106 subjects, 62.3% patients were women with the mean of age 57.29 years 
old and 77.4% had metabolic syndrome. Most patients had moderate to severe steatosis 
degree (66%) with the mean of TE mean 6.14 (2.8–18.2) kPa. There was a positive correla
tion between CAP and TE compared with NLR with r = 0.648 (p < 0.001) and r = 0.621 
(p < 0.001), respectively. The use of RNL to assess moderate-severe steatosis has a cutoff 
point of 1.775 with sensitivity, specificity, PPV and NPV, respectively, at 81.5%, 80.6%, 
89.1%, and 69.1%; cutoff point 2.150 to assess significant fibrosis with sensitivity, specifi
city, PPV and NPV of 92.3%, 87.5%, 70.6%, and 97.2%, respectively.
Conclusion: NLR has a positive and significant correlation with the degree of steatosis and 
fibrosis with high sensitivity and specificity as evaluated by TE/CAP.
Keywords: neutrophil and lymphocyte ratio, steatosis, fibrosis, non-alcoholic fatty liver 
disease

Introduction
Non-alcoholic fatty liver disease (NAFLD) is a chronic liver disease characterized by 
excessive accumulation of fat in the liver.1,2 Its prevalence is increasing worldwide by 
around 20%, with 3–5% progress to NASH (Non-alcoholic Steatohepatitis).1 In Asia, 
the prevalence of NAFLD was reported at 13% in 1990, which later became 30% in 
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2008.3 NAFLD prevalence in Indonesia, which represents 
the biggest Southeast Asian country, was reported to be 30% 
in 2002 and later it increased until 51% in 2015.4,5 NAFLD 
presentations have a broad spectrum, ranging from simple 
steatosis (NAFL) to advance liver disease, where 5–8% will 
then become liver cirrhosis in 5 years, then 12.8% of cirrho
sis patients will further develop hepatocellular carcinoma 
(HCC) within 3 years.6 Currently, NAFLD is considered to 
be the third most frequent cause of HCC in the United States, 
and liver transplantation due to cirrhosis associated with 
NASH is the second most common cause of transplantation 
in the United States, and is expected to be the most common 
cause of transplantation in the future.2

The old paradigm considers NAFL to be a benign condi
tion, the tendency to develop into cirrhosis and HCC devel
opment was considered very low.2 Nevertheless, we cannot 
underestimate NAFL.7,8 In general, this disease is closely 
related to the metabolic syndrome and its components.9–11 At 
least one component of metabolic syndrome is owned by 
90% of individuals with NAFLD, and 33% of NAFLD have 
all components of the metabolic syndrome.11

Liver biopsy is still considered the gold standard for 
diagnosing NASH, but this procedure is less preferred 
because of its possible complications, such as bleeding and 
even death (1: 10.000).12,13 In addition, this procedure is also 
costly, has a large sampling error (± 1/50.000 total volume), 
poor reproducibility, and is strongly influenced by the opera
tor who does it as well as the pathologist who assesses the 
liver specimen.12,14 Transient elastography (TE) is a non- 
invasive and rapid measurement tool, which has been proven 
to have a good accuracy in evaluating the degree of liver 
fibrosis and steatosis.14,15 The advantages of this tool are 
easy, fast, can be repeated to assess the progression of the 
disease, not affected by the operator, and can assess the liver 
part 100 times greater than liver biopsy.14 However, this 
modality might not be available in all hospitals, especially 
in the remote area.

Chronic inflammation plays an important role in the 
development of NAFLD.16 A large amount of evidence 
suggests that proinflammatory mediators secreted by visceral 
adipose tissue, intestinal endotoxin, endoplasmic reticulum, 
and innate immunity all play key roles.17,18 The Neutrophil to 
Lymphocyte Ratio (NLR) is a simple inflammatory marker 
that has been used to predict outcomes in patients with cancer 
and coronary artery disease and has also been shown to be 
correlated with the main histological features of NAFLD, 
including inflammation and fibrosis.19–21

Studies of NLR with NASH and the degree of fibrosis 
examined by a liver biopsy have been widely carried out, 
but this method is invasive and provides different 
results.20–23 Therefore, this study sought to find out 
whether there was a relationship between NLR and the 
degree of steatosis and fibrosis assessed by TE and CAP.

Materials and Methods
This was a cross-sectional study. Samples were collected 
at Dr. Cipto Mangunkusumo National General Hospital, 
Jakarta based on database review from medical records in 
2 years’ period (2016–2018). Samples from this study 
using consecutive sampling techniques with inclusion cri
teria: (1) NAFLD patients, (2) Age over 18 years; while 
the exclusion criteria were (1) Hepatitis B and hepatitis C, 
(2) Alcohol consumption ≥ 20 grams/day in the past 
1 year, (3) Acute hepatitis, biliary obstruction, liver con
gestion, liver tumors, and ascites, (4) state of fever or 
bacterial or viral infection, (5) Patients with hematologic 
malignancies, (6) Patients with solid tumors, (7) Patients 
undergoing chemotherapy, (8) Patients with a history of 
cardiovascular disease, (9) Patients with autoimmune dis
eases, (10) Patients with aplastic anemia, myelodysplastic 
syndrome, (11) Patients infected with HIV, (12) Patients 
receiving long-term immunosuppressive therapy, (13) 
Incomplete research data.

Clinical evaluations, history of drugs and anthropometric 
were carried out at the time of Transient elastography 
(Fibroscan®) measurement. Body mass index (BMI) was 
calculated based on body weight in kilograms divided by 
the square of body height in meter. Waist circumferences 
were measured from the line crossing umbilicus and iliac 
crest. Blood pressure was measured twice with 5 minutes’ 
rest in between examination. Blood samples were taken after 
a minimum of 12 hours fasting to evaluate HDL, triglyceride, 
leucocyte count, and fasting blood glucose. Metabolic syn
drome was diagnosed according to ATP III criteria.10 TE 
with CAP were done to evaluate the degree of steatosis and 
fibrosis, with TE cutoff for significant fibrosis is ≥7 kPa and 
CAP cutoff for moderate-severe steatosis is ≥259 dB/m.15,24 

After the research was completed, the data will be processed 
with descriptive and analytical statistics.

Statistical Analysis
Descriptive statistics were conducted to determine the char
acteristics of the research subjects. Spearman or Pearson 
correlation will be used to assess the relationship between 
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NLR and CAP and TE. To find out the intersection between 
NLR and degrees of steatosis or fibrosis, a receiver operating 
curve (ROC) will be created to obtain the Area Under the 
Curve (AUC). The cutoff was then processed into dichoto
mous categorical variables, combined and compared with the 
steatosis and fibrosis degree based on Fibroscan® CAP 
results using a 2 × 2 table. Based on the analysis of the 2 × 
2 table, sensitivity, specificity, PPV, and NPV were obtained. 
To avoid the metabolic syndrome as a confounding factor, 
a multivariate linear regression analysis was performed and 
to show that there was a mean difference in the value of NLR 
based on the degree of steatosis and fibrosis carried out t-test 
analysis. Statistical analyses were performed using Statistical 
Package for Social Sciences (SPSS) Version 20.0 (SPSS Inc, 
Chicago, Illinois). A P value <0.05 was considered as statis
tically significant. The written informed consent has been 
obtained from all the study subjects regarding the data and 
blood samples collection. This study complies with the 
Declaration of Helsinki, and it has been approved by The 
Ethics Committee of the Faculty of Medicine, University of 
Indonesia no: 0727/UN2.F1/ETIK/2018.

Result
Characteristics of Study Subjects
In this study, there were 106 patients diagnosed with non- 
alcoholic fatty liver disease (NAFLD) who can be recruited. 
The baseline characteristics are shown in Table 1. The mean 
age of the subjects was 57.29 years old with the proportion 
of female subjects (62.3%) higher than men (37.7%). Most 
of our study subjects are obese with central obesity domi
nated and had type 2 diabetes, of which 82 were included in 
the metabolic syndrome category.

CAP and TE Correlation with Neutrophil 
Lymphocyte Ratio
A strong correlation is found between CAP and NLR (r = 
0.648; p = <0.001) using Pearson correlation test. We also 
found a strong correlation between TE and NLR (r = 0.621; 
p = <0.001) using Spearman correlation test. Pearson corre
lation test between CAP and NLR, and the Spearman corre
lation test between TE and NLR is shown in Tables 2 and 3.

Effects of Metabolic Syndrome on 
Correlation of NLR with CAP and TE
Multivariate linear regression analysis was performed to 
determine whether metabolic syndrome is a confounding 

factor both in correlation between NLR with CAP and 
NLR with TE. The results of this linear regression are 
presented in Tables 4 and 5. Metabolic syndrome and 

Table 1 Basic Characteristics of Research Subjects

Variable Total (N=106)

Gender
Male (%) 40 (37.7)

Female (%) 66 (62.3)

Age, mean in years (SD) 57.29 (11.1)
<50 years 24 (22.6)

≥ 50 years 82 (77.4)

BMI, mean in kg/m2 (SD) 28.7 (4.38)
BMI ≥ 25 (%) 89 (84)

BMI < 25 (%) 17 (16)
Central obesity

Yes (%) 88 (83)

No (%) 18 (17)
High level of blood pressure

Yes (%) 73 (68.9)

No (%) 33 (31.1)
Diabetes Mellitus

Yes (%) 81 (76.4)

No (%) 25 (23.6)
Fasting blood glucose, median in mg/dl (min-max) 119 (41–348)

Triglyceride, median in mg/dl (min-max) 143 (19–448)

High (%) 54 (50.9)
Normal (%) 52 (49.1)

HDL, median in mg/dl (min-max) 43.5 (19–116)

Low (%) 59 (55.7)
Normal (%) 47 (44.3)

Metabolic syndrome

Yes (%) 82 (77.4)
No (%) 24 (22.6)

Aspartate aminotransferase (AST), median in u/l 

(min-max)

20 (12–144)

Alanine aminotransferase (ALT), median in u/l 

(min-max)

21(6–204)

CAP, mean in dB/m (SB) 283.37 (42.2)
Mild steatosis (%) 36 (34)

Moderate-severe steatosis (%) 70 (66)

Fibroscan®, median kPa (min-max) 6.14 (2.8–18.2)
Non-significant fibrosis (%) 26 (24.5)

Significant fibrosis (%) 80 (75.5)

Drugs (%)
Statin 86 (81.1)

Anti-hypertension 71 (67)

Anti-diabetic drugs (GLP-1 agonist or SGLT2- 
inhibitor)

0 (0)

Leukocytes, mean in cell/mm3 (SD) 7812.9 (1782.4)

Absolute neutrophil count, mean in cell/mm3 (SD) 4559.6 (1229.9)
Absolute lymphocyte count, mean in cell/mm3 (SD) 2433.7 (671.2)

NLR, mean (SD) 1.96 (0.58)

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2022:15                                               https://doi.org/10.2147/DMSO.S330526                                                                                                                                                                                                                       

DovePress                                                                                                                          
17

Dovepress                                                                                                                                                        Lesmana et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


diabetes mellitus were found not to be a confounding 
factor in this study, as it can be seen from the differences 
in the values of NLR coefficients in steps 1 and 2 less than 
10% in Tables 4 and 5. These linear regression results 
were also considered feasible because this correlation has 
a value of p < 0.001 during Anova test.

Cutoff Value of NLR in Steatosis and 
Fibrosis
The optimal cutoff value of NLR to predict the degree of 
steatosis and fibrosis was determined using ROC curve 

with AUC 0.877 (95% CI 0.814–0.941, p < 0.001) for 
steatosis and AUC 0.921 (95% CI 0.842–0.999, p < 0.001) 
for fibrosis as shown in Figures 1 and 2. The optimal 
cutoff value was decided by taking the best value of both 
sensitivity and specificity. The optimal NLR cut off value 
for steatosis was 1.775 with sensitivity, specificity, PPV, 
and NPV, respectively, at 81.5%, 80.6%, 89.1%, and 
69.1%, while the optimal NLR cutoff value for fibrosis 
was 2.150 with sensitivity, specificity, PPV, and NPV, 
respectively, at 92.3%, 87.5%, 70.6%, and 97.2%.

The cutoff value of NLR 2.320 to predict more 
advance stage of fibrosis (LSM > 8.1 kPa was determined 
using ROC curve with AUC 0.895 (95% CI 0.830–0.960, 
p = 0.001)). The optimal NLR cut off value with sensitiv
ity, specificity, PPV, and NPV, respectively, at 90.9%, 
83.2%, 38.5%, and 98.8%.

The cutoff value of NLR 2.385 to predict liver cirrhosis 
(LSM > 12.1 kPa) was determined using ROC curve with 
AUC 0.914 (95% CI 0.845–0.983, p = 0.001). The optimal 
NLR cut off value with sensitivity, specificity, PPV, and 
NPV, respectively, at 100%, 82%, 25%, and 100%.

Mean Difference of NLR Based on the 
Degree of Steatosis and Fibrosis
To find out whether there are significant differences in the 
value of NLR on the degree of steatosis and the degree of 

Table 2 Pearson Correlation Test Between CAP and NLR

Variable Mean (SD) r p

CAP 283.4 (42.2) 0.648 <0.001
NLR 1.96 (0.58)

Abbreviations: CAP, controlled attenuation parameter; NLR, neutrophil to lym
phocyte count ratio.

Table 3 Spearman Correlation Test Between TE and NLR

Variable Mean (SD)/Median (Min-Max) r p

TE 6.14 (2.8–18.2) 0.621 <0.001

NLR 1.96 (0.58)

Abbreviations: CAP, controlled attenuation parameter; NLR, neutrophil to lym
phocyte count ratio.

Table 4 Multivariate Analysis of NLR and CAP Linear Regression

Variables Coefficient Correlation 
Coefficient

P value

Step 1 NLR 45.719 0.626 <0.001

Metabolic syndrome 7.842 0.078 0.302

Diabetes mellitus 5.235 0.053 0.504
Constant 183.78 <0.001

Step 2 NLR 47.329 0.648 <0.001

Constant 190.693 <0.001

Abbreviation: NLR, neutrophil to lymphocyte count Ratio.

Table 5 Multivariate Analysis of NLR and TE Linear Regression

Variables Coefficient Correlation 
Coefficient

P value

Step 1 NLR 2.586 0.399 <0.001

Metabolic syndrome 0.366 0.057 0.488
Diabetes mellitus 0.122 0.019 0.823

Constant 0.696 0.421

Step 2 NLR 2.634 0.565 <0.001
Constant 0.979 0.207

Abbreviation: NLR, neutrophil to lymphocyte count ratio.
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fibrosis, a t-test is performed for each group, which 
showed significant differences in the value of NLR to the 
degree of steatosis and fibrosis as shown in Tables 6 and 7.

Discussion
To the best of our knowledge, this is the first study to use 
TE and CAP to determine the correlation between NLR 
and the degree of steatosis and fibrosis of NAFLD, as 
studies have shown about association between NLR and 
NAFLD,13,16,20,21 TE and CAP as additional tool to trans
abdominal US for NAFLD evaluation has been validated 
for steatosis and fibrosis assessment.25

In this study, the proportion of women was higher than 
men (62.3% vs 37.7%). This gender distribution might be 
differed from other study which showed that higher pre
valence of NAFLD found in men.26 A study conducted by 
Summart et al in 2017 in Northern Thailand also resulted 
in a far greater number of NAFLD patients in women than 
men.27 However, there are several studies that link age, 
where 77.4% of the study subjects were over 50 years old. 
This is consistent with previous studies, which showed 
that the incidence of NAFLD in women rise dramatically 
after the age of 50 years and reached its peak at the age of 
60 to 69 years.28 This might give an explanation the reason 
for higher proportion of women than men in this study. It 
is hypothesized that this condition was related to meno
pause, where study by Ryu et al showed a higher preva
lence of NAFLD in menopausal patients.29

Most of the study subjects have high level of fasting 
blood glucose, high level of blood pressure, central obesity 
and metabolic syndrome, but have normal HDL level, 
possibly due to around 81% of the subjects are on statin 
medication. These results supported several theories that 
said NAFLD was closely related to insulin resistance, 
which can be found in people with type 2 diabetes melli
tus. Previous studies also said that the presence of periph
eral adipose due to insulin resistance was also associated 
with NAFLD and subsequent disease progression, both 
NASH and liver cirrhosis due to excessive oxidative 
stress.6,7,30,31

Data analysis showed a significant positive correlation 
between the CAP value and NLR (r = 0.648; P < 0.001), 
with the optimal cutoff point of NLR based on the degree 
of steatosis was 1.775 (AUROC = 0.877, 95% CI 0.814– 
0.941) with sensitivity, specificity, PPV, and NPV of 
81.5%, 80.6%, 89.1%, and 69.1%, respectively. It showed 
that NLR is good enough to predict the condition of liver 
steatosis based on the results of the CAP examination. In 

Figure 1 NLR ROC curve for hepatic steatosis prediction.

Figure 2 NLR ROC curve for hepatic fibrosis prediction.

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2022:15                                               https://doi.org/10.2147/DMSO.S330526                                                                                                                                                                                                                       

DovePress                                                                                                                          
19

Dovepress                                                                                                                                                        Lesmana et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


addition, the value of NLR in patients with moderate- 
severe steatosis was significantly higher than in patients 
with mild steatosis (2.198 ± 0.538 vs 1.492 ± 0.305). 
Increased NLR in patients with steatosis is caused by 
inflammation that arises due to insulin resistance condi
tion, systemic lipotoxicity due to lipid metabolites, and the 
production of proinflammatory cytokines such as TNF-α 
and IL-6, adipokine and oxidative stress.21

Patients with obesity or type 2 diabetes mellitus are at 
risk for increased NLR with or without hepatic steatosis. 
This phenomenon might be due to the presence of insulin 
resistance and high levels of lipids in the body that trigger 
the production of pro-inflammatory cytokines.16 

Therefore, a further linear regression analysis was con
ducted to find out whether metabolic syndrome and dia
betes mellitus affected the correlation between NLR and 
CAP. It was found that metabolic syndrome and diabetes 
mellitus were not a confounding factor in the relationship 
between NLR and CAP, which is surprising given that 
many studies and literature that stated a close relation 
between metabolic syndrome with the degree of steatosis 
and fibrosis in NAFLD.9–11,32 In addition, a study con
ducted by Kara et al showed that metabolic syndrome was 
a significant confounding factor in the relationship of NLR 
with the degree of steatosis and NAFLD fibrosis.22 This 
difference in results may be due to the majority of the 
samples in this study having metabolic syndrome 
(77.42%), and almost all of the samples had at least one 
component of metabolic syndrome, whereas in the Kara 
study, only 7 of 226 research subjects had metabolic 
syndrome.

Until now, there have been various studies showing 
that NLR is related to the degree of fibrosis in NAFLD 
patients. Research conducted by Yilmaz et al showed that 
the mean value of NLR in NASH patients was 

significantly higher than that of controls (3.44 ± 1.29 and 
1.9 ± 0.7; p < 0.001), NLR also correlated positively with 
degree of fibrosis in the study (r = 0.892, p < 0.01).20 

Another study conducted by Razik et al also showed the 
same results, with a correlation value of 0.75 (p < 
0.001).16 Alkhouri et al also showed a correlation of 0.45 
(p < 0.001) between NLR patients with degree of 
fibrosis.21 On the other hand, there are also studies that 
showed no significant differences between NLR in patients 
with and without fibrosis (p = 0.212).22 In this study, apart 
from finding a positive, strong and significant correlation 
(r = 0.621; p < 0.001), we also found a significant differ
ence in mean NLR between patients without fibrosis with 
significant fibrosis patients (p < 0.001). However, this 
study revealed that the optimal cut-off point of fibrosis 
degree based on NLR was 2.150 with sensitivity of 92.3% 
and 87.5% specificity. This shows that the results are quite 
consistent in showing the correlation between NLR and 
degree of fibrosis from various studies. However, it should 
be noted that the comparison used in this study is different 
from other studies. This study used TE as a comparison in 
determining the degree of fibrosis, while other studies used 
biopsy results to determine the degree of fibrosis.

Based on the linear regression test, it was found that 
metabolic syndrome was not a confounding factor in the 
correlation between NLR and TE. This is in line with the 
study conducted by Kanwar et al, where there was no 
association between metabolic syndrome status and the 
incidence or degree of fibrosis in NAFLD patients.33 

However, other studies conducted by Kara et al showed 
conflicting results.22 Differences in results of the studies 
showed variabilities in relationship between NLR and the 
degree of fibrosis in patients with metabolic syndrome. 
Therefore, further research is needed on this matter.

Table 6 Comparison of 2 Mean Analysis of NLR Values for the Degree of Steatosis

Steatosis Degree N Mean NLR Standard Deviation p value

Mild 36 1.492 0.305 p<0.001
Moderate-severe 70 2.198 0.538 p<0.001

Abbreviation: NLR, neutrophil to lymphocyte count Ratio.

Table 7 Comparison of 2 Mean Analysis of NLR Values for the Degree of Fibrosis

Fibrosis Degree N Mean NLR Standard Deviation p value

Non-significant 80 1.744 0.415 p<0.001

Significant 26 2.617 0.51 p<0.001
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There are limitations of this study. First, this study is 
a cross-sectional study using secondary data, so it could 
not show a causal relationship. However, this study result 
shown the formula which is practical in daily use. Other 
limitations were factors that influenced NAFLD conditions 
such as analysis of food intake, insulin resistance (HOMA- 
IR), genetic polymorphism, adiponectin, and gut micro
biota were not assessed. However, these factors were not 
meant to be analysed at present.

Conclusions
There is a significant correlation between the value of 
NLR and the value of CAP and TE in patients with 
NAFLD. NLR might be used to assess the development 
of steatosis and fibrosis in patients with NAFLD. A large 
cohort prospective study would be needed to confirm these 
findings.
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