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ABSTRACT
Background: Our study aims to determine whether the monocyte/HDL ratio is a marker that can be used to 
predict the presence and stage of non-alcoholic fatty liver.
Material and Method: Patients aged 18-65 years without known chronic diseases and medication use 
who applied to our hospital for a check-up were included in the study. Patients were divided into 4 groups 
based on ultrasonography findings: those without hepatosteatosis, those with stage 1, stage 2, and stage 3 
hepatosteatosis. Groups were compared in terms of fasting glucose, insulin resistance, lipid profile, liver 
function tests, monocyte/HDL ratios.
Results: Fasting glucose, insulin resistance, total cholesterol, LDL cholesterol, triglycerides, alanine 
aminotransferase, monocytes, and monocyte/HDL ratio were significantly higher in the group with 
hepatosteatosis than in the group without hepatosteatosis, and this increase was directly proportional to the 
stage. HDL was significantly lower in the hepatosteatosis group than in the group without hepatosteatosis, 
and HDL decreased further as the stage of hepatosteatosis increased. No difference was found between the 
groups in terms of aspartate aminotransferase. Multivariate regression analyses revealed that hepatosteatosis 
was independently associated with alanine aminotransferase, insulin resistance, and monocyte/HDL ratio. 
Conclusion: Monocyte/HDL ratio can be considered a simple, easily accessible, and inexpensive marker to 
predict the presence and stages of hepatosteatosis. 
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a condition 
marked by abnormal fat accumulation in the liver that is 
unrelated to alcohol consumption (1). Fat accumulation 
in hepatocytes can cause inflammation and hepatocyte 
damage, and if it progresses further, it can cause fibrosis, 
cirrhosis, and even hepatocellular carcinoma (2). NAFLD 
affects more than a quarter of the adult population 
worldwide, and its prevalence is expected to rise to 
56% in the next decade (3). NAFLD is closely linked 
to sedentary lifestyle, high-calorie diet, and obesity, 
as well as insulin resistance, type 2 diabetes mellitus, 
and metabolic syndrome, and is thus the most common 
liver disease seen in developed countries (4). The fact 
that it is very common and has serious life-threatening 
consequences makes NAFLD important. Most patients 
with hepatosteatosis (HS) are asymptomatic. Patients 

are usually detected incidentally with elevated liver 
function tests and ultrasonography findings. Hepatic 
transaminases are normal in two-thirds of patients but 
increased in one-third of patients, typically dominated 
by alanine aminotransferase (ALT). On ultrasonography, 
hepatomegaly and increased liver echogenicity are in 
favor of the presence of HS (5). Although biopsy is the 
definitive diagnostic method, it is performed in selected 
cases considering the cost and risk. Chronic low-
grade inflammation has been identified as an essential 
component of NAFLD pathophysiology, implying 
that markers of chronic inflammation may predict the 
presence and stage of NAFLD (6). C-reactive protein 
(CRP), tumor necrosis factor- α (TNF-α), interleukin 
(IL)-1, IL-6, IL-8, and monocyte chemoattractant protein 
1 (MKP-1) are chronic inflammation markers that have 
been linked to NAFLD (7,8). In recent years, monocyte/
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HDL ratio (MHR) has come to the forefront as a new 
marker of systemic inflammation (9). Monocytes are 
natural inflammatory cells responsible for the increase 
in proinflammatory cytokines (10). HDL is a cholesterol 
subtype with antioxidant and anti-inflammatory effects 
(11). Considering the proinflammatory properties of 
monocytes and the anti-inflammatory properties of HDL, 
it was thought that the MHR may be a noninvasive, 
easily accessible, and low-cost marker that can be used 
to predict the presence and stage of an inflammatory 
disease such as NAFLD. This study aims to determine 
the association of MHR with the presence and stages of 
HS. 

MATERIAL AND METHODS
Our study is a retrospective study in which we included 
patients aged 18-65 years who had a check-up at Istanbul 
Medipol University Hospital between January 2020 and 
January 2023. Demographic data of patients including 
age, sex and comorbidities, laboratory parameters 
including fasting blood glucose, insulin resistance, 
lipid profile (total cholesterol, HDL-cholesterol, LDL-
cholesterol and triglycerides), liver enzymes (ALT and  
aspartate aminotransferase (AST)) and complete blood 
count, abdominal ultrasonography (USG) findings 
indicating HS status were obtained and recorded on our 
patient management information system. Patients were 
divided into four groups based on USG findings: those 
without HS, those with stage 1 HS, those with stage 2 
HS, and those with stage 3 HS and compared in terms of 
demographic data and laboratory parameters. Monocyte 
counts from the patients’ complete blood counts were 
divided by HDL cholesterol, and MHR were calculated 
to determine whether this parameter differed in the group 
with HS compared to the group without HS, as well as 
whether it differed between the stages in the group with 
HS, and whether it was a marker that could be used to 
predict the presence and stages of HS.

Studying Laboratory Parameters
Blood samples were obtained after 12 hours of fasting. 
Whole blood counts were analyzed by Sysmex XN-1000 
(USA) device. Fasting blood glucose, total cholesterol, 
LDL, HDL, triglycerides, ALT, AST were analyzed by 
Roche Hitachi Cobas C501 (Switzerland), fasting insulin 
levels were analyzed by Roche Hitachi Cobas e601 
(Switzerland), HOMA-IR was calculated as follows: 
fasting insulin (mIU/ml) x fasting blood glucose (mg/dl) 
/ 405. The presence of one or more of total cholesterol > 
200, LDL > 130, triglycerides > 150, HDL < 40 for men 
and HDL < 50 for women was considered dyslipidemia. 
Fasting blood glucose ≥126 was considered diabetes 
mellitus and HOMA-IR > 2.4 was considered insulin 
resistance. The normal range of ALT is 0-33 U/L in 
women, 0-41 U/L in men, and the normal range of AST 
is 0-32 U/L in women and 0-40 U/L in men. Values 

above these were considered as liver enzyme elevation. 
Monocyte normal range is 0.16-0.90 10*3/µL. Values 
above this were accepted as monocytosis. Results above 
these values were considered elevated liver enzymes. 
Normal values for monocytes; results above this were 
considered monocytosis. 

Diagnosis of Hepatosteatosis Based on USG Findings 
Ultrasound imaging was performed on all patients by a 
single radiologist with the abdominal probe of the GE 
logiq 9 pro ultrasound device in B mode.
The severity of echogenicity was graded (12,13);

Grade 1: Mild diffuse echogenicity increase
Grade 2: Moderate increase in echogenicity
Grade 3: Portal vein wall with increased echogenicity; 
inability to visualize the diaphragm and posterior part 
of the liver 

Inclusion Criteria
Male and female patients between the ages of 18-65 
who did not have a diagnosed chronic disease and did 
not regularly use medication/food supplement were 
included in our study.

Exclusion Criteria

Patients under 18 and over 65 years old, patients 
with hypertension, hyperlipidemia, diabetes mellitus, 
malignancy, anemia, thyroid dysfunction, renal 
dysfunction, chronic liver disease coronary artery 
disease, heart failure, acute/chronic inflammatory 
disease, acute/chronic infection, patients using alcohol  
(female > 20 g/day - male > 30 g/day), antibiotics, oral 
antidiabetic, antihypertensive, statin, fenofibrate and/or 
any drug/food supplement for the treatment of obesity, 
patients with HbsAg+ / Anti HCV+ and smokers were 
not included in our study. 

STATISTICAL ANALYSIS
All analyses were performed on IBM SPSS Statistics 
for Windows, Version 25.0 (IBM Corp., Armonk, NY, 
USA). For the normality check, histogram and Q-Q plots 
were used. Data are given as mean ± standard deviation 
or median (1st quartile - 3rd quartile) for continuous 
variables according to normality of distribution and 
as frequency (percentage) for categorical variables. 
Normally distributed continuous variables were 
analyzed with the independent samples t test or one way 
analysis of variance (ANOVA) depending on count of 
groups. Non-normally distributed continuous variables 
were analyzed with the Mann Whitney U test or Kruskal 
Wallis test depending on count of groups. Categorical 
variables were analyzed with the chi-square tests. 
Pairwise comparisons were adjusted by the Bonferroni 
correction method. Prediction performance of the 
monocyte to HDL ratio was assessed by using Receiver 
Operating Characteristic (ROC) curve analysis. Optimal 
cut-off points were determined by using Youden 
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index. Logistic regression analyses were performed to 
determine significant factors independently associated 
with the hepatic steatosis. Variables were analyzed with 
the univariable regression analysis and statistically 
significant variables were included into the multivariable 
analysis. Pearson or Spearman correlation coefficients 
were calculated to evaluate relationships between 
continuous variables. Two-tailed p-values of less than 
0.05 were considered statistically significant. 

RESULTS
We included 106 patients with HS and 85 healthy 
controls into our study. Age was significantly higher in 
the patients than in the controls (p<0.001). We found no 
significant difference between groups in terms of sex. 
Fifty eight (54.72%) patients had grade 1, 28 (26.42%) 
patients had grade 2 and 20 (18.87%) patients had grade 
3 HS.

ALT (p<0.001), elevated liver function test percentage 
(p<0.001), fasting blood glucose (p<0.001), impaired 
fasting glucose percentage (p<0.001), HOMA-IR 
(p<0.001), insulin resistance percentage (p<0.001), 
total cholesterol (p<0.001), triglyceride (p<0.001), 
LDL (p<0.001), dyslipidemia percentage (p<0.001), 

monocyte count (p<0.001) and MHR (p<0.001) was 
significantly higher in the hepatic steatosis group than 
in the control group. HDL (p<0.001) was significantly 
lower in the HS group than in the control group. There 
were no significant difference between groups in terms 
of AST (Table 1).

MHR had 81.13% sensitivity, 72.94% specificity, 
77.49% accuracy, 78.90% positive predictive value and 
75.60% negative predictive value to predict hepatic 
steatosis for the cut-off point of 12.4 (values higher than 
this indicate hepatic steatosis). Area under ROC curve 
was 0.823 (95% CI: 0.763 - 0.882, p<0.001).

Multivariable logistic regression analysis had revealed 
that elevated liver function tests, insulin resistance 
and high MHR (>12.4) were independently associated 
with the hepatic steatosis. Individuals with elevated 
liver function tests had 3.195-fold higher risk to had 
hepatic steatosis than other individuals had (OR: 3.195, 
95% CI: 1.291 - 7.909, p=0.012). Individuals with 
insulin resistance had 8.498-fold higher risk to had 
HS than other individuals had (OR: 8.498, 95% CI: 
3.435 - 21.021, p<0.001). Individuals with high MHR 
(>12.4) had 9.973-fold higher risk to had HS than other 

Table 1. Summary of variables with regard to hepatic steatosis

Hepatic steatosis  

 No (n=85) Yes (n=106) p

Age 45 (39 - 57) 55 (46 - 62) <0.001

Sex

Male 43 (50.59%) 51 (48.11%)
0.734

Female 42 (49.41%) 55 (51.89%)

Hepatic steatosis grade

Grade 1 - 58 (54.72%)

-Grade 2 - 28 (26.42%)

Grade 3 - 20 (18.87%)

ALT 26.81 ± 7.06 36.46 ± 15.63 <0.001

AST 25.40 ± 6.31 27.13 ± 10.03 0.147

Elevated liver function test 29 (34.12%) 67 (63.21%) <0.001

Fasting blood glucose 91.27 ± 12.88 102.75 ± 13.01 <0.001

Impaired fasting glucose 22 (25.88%) 62 (58.49%) <0.001

HOMA-IR 1.8 (1.6 - 2.2) 3.35 (2.2 - 5.6) <0.001

Insulin resistance 11 (12.94%) 69 (65.09%) <0.001

Total cholesterol 154.91 ± 29.19 189.26 ± 40.71 <0.001

Triglyceride 107 (64 - 136) 154.5 (110 - 189) <0.001

LDL 94 (84 - 107) 112.5 (96 - 136) <0.001

HDL 51.25 ± 13.11 43.46 ± 9.62 <0.001

Dyslipidemia 47 (55.29%) 85 (80.19%) <0.001

Monocyte 496.59 ± 186.42 768.68 ± 267.20 <0.001

Monocyte to HDL ratio 10.24 ± 4.67 18.80 ± 8.70 <0.001

Data are given as mean ± standard deviation or median (1st quartile - 3rd quartile) for continuous variables according to normality of 
distribution and as frequency (percentage) for categorical variables.
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individuals had (OR: 9.973, 95% CI: 4.187 - 23.757, 
p<0.001) (Table 2). 

Age was significantly higher in the grade 1, grade 2 
and grade 3 than in the grade 0 (p<0.001). We found no 
significant differences between grades in terms of sex.
ALT was significantly higher in the grade 2 than in the 
grade 0, also was significantly higher in the grade 3 than 
in the other grades (p<0.001). Elevated liver function 
tests percentage was significantly higher in the grade 
2 than in the grade 0, also was significantly higher in 
the grade 3 than in the grade 0 and grade 1 (p<0.001). 
Fasting blood glucose was significantly higher in the 
grade 1, grade 2 and grade 3 than in the grade 0, also 
was significantly higher in the grade 3 than in the grade 
1 (p<0.001). Impaired fasting glucose percentage was 
significantly higher in the grade 2 and grade 3 than in 
the grade 0 (p<0.001). HOMA-IR was significantly 
higher in the grade 1, grade 2 and grade 3 than in the 
grade 0, also was significantly higher in the grade 2 and 
grade 3 than in the grade 1 (p<0.001). Insulin resistance 
percentage was significantly higher in the grade 1, grade 
2 and grade 3 than in the grade 0, also was significantly 
higher in the grade 2 and grade 3 than in the grade 1 
(p<0.001). Total cholesterol was significantly higher in 
the grade 1, grade 2 and grade 3 than in the grade 0, 
also was significantly higher in the grade 2 and grade 
3 than in the grade 1 (p<0.001). Triglyceride was 
significantly higher in the grade 2 and grade 3 than in the 
grade 0 and grade 1 (p<0.001). LDL was significantly 
higher in the grade 1 and grade 2 than in the grade 0, 
also was significantly higher in the grade 3 than in the 
other grades (p<0.001). HDL was significantly lower in 
the grade 2 and grade 3 than in the grade 0, also was 
significantly lower in the grade 3 than in the grade 1 
(p<0.001). Dyslipidemia percentage was significantly 
higher in the grade 2 and grade 3 than in the grade 0, also 
was significantly higher in the grade 3 than in the grade 
1 (p<0.001). Monocyte count was significantly higher 
in the grade 1, grade 2 and grade 3 than in the grade 0, 
also was significantly higher in the grade 3 than in the 

grade 1 (p<0.001). MHR was significantly higher in the 
grade 1, grade 2 and grade 3 than in the grade 0, also was 
significantly higher in the grade 2 and grade 3 than in the 
grade 1 (p<0.001) (Figure 1).  There were no significant 
difference between grades in terms of AST (Table 3).

MHR had 81.25% sensitivity, 80.42% specificity, 
80.63% accuracy, 58.21% positive predictive value and 
92.70% negative predictive value to predict grade 2&3 
HS for the cut-off point of 16.1 (values higher than this 
indicate grade 2 or grade 3 hepatic steatosis). Area under 
ROC curve was 0.821 (95% CI: 0.744 - 0.899, p<0.001) 
(Figure 2).

Multivariable logistic regression analysis had revealed 
that elevated liver function tests, insulin resistance 
and high MHR (>16.1) were independently associated 
with the grade 2&3 hepatic steatosis. Individuals with 
elevated liver function tests had 5.015-fold higher risk 
to had grade 2&3 HS than other individuals had (OR: 
5.015, 95% CI: 1.498 - 16.792, p=0.009). Individuals 
with insulin resistance had 25.112-fold higher risk to had 
grade 2&3 HS than other individuals had (OR: 25.112, 
95% CI: 6.404 - 98.475, p<0.001). Individuals with high 
MHR (>16.1) had 8.905-fold higher risk to had grade 
2&3 HS than other individuals had (OR: 8.905, 95% CI: 
2.863 - 27.694, p<0.001) (Table 4). 

MHR was positively correlated with age (r=0.248, 
p=0.001), ALT (r=0.312, p<0.001), fasting blood glucose 
(r=0.297, p<0.001), HOMA-IR (r=0.436, p<0.001), total 
cholesterol (r=0.388, p<0.001), triglyceride (r=0.328, 
p<0.001) and LDL (r=0.413, p<0.001). We found no 
correlation between MHR and AST (Table 5).

DISCUSSION
Our study, in which we evaluated whether the MHR is 
a marker that can be used to predict the presence and 
stages of HS, found that the MHR was much higher in 
patients with HS compared to those without HS and this 
elevation increased in direct proportion to the stage. 
Various markers are used in the diagnosis of inflammatory 

 Univariable Multivariable
 OR (95% CI) p OR (95% CI) p
Age 1.066 (1.035 - 1.098) <0.001 1.040 (0.998 - 1.084) 0.060
Sex, Female 1.104 (0.624 - 1.954) 0.734
Elevated liver function test 3.317 (1.825 - 6.029) <0.001 3.195 (1.291 - 7.909) 0.012
Impaired fasting glucose 4.035 (2.170 - 7.504) <0.001 1.666 (0.694 - 4.000) 0.254
Insulin resistance 12.545 (5.933 - 26.526) <0.001 8.498 (3.435 - 21.021) <0.001
Dyslipidemia 3.273 (1.724 - 6.213) <0.001 0.998 (0.412 - 2.418) 0.996
Monocyte to HDL ratio, >12.4 11.591 (5.858 - 22.936) <0.001 9.973 (4.187 - 23.757) <0.001

Nagelkerke R2 - 0.594

Table 2. Odds ratios for hepatic steatosis, logistic regression analysis results

OR: Odds ratio, CI: Confidence interval
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diseases and the evaluation of treatment response, but the 
majority of these markers are not used in daily practice 
due to high costs and difficulty in access. Therefore, 
simple, easily accessible, and low-cost markers are 
required for the detection of the presence and severity 
of inflammation (14). Monocyte/HDL ratio is one of the 
new markers being tested for this purpose.

Monocytes, which account for approximately 3-8% of 
leukocytes in peripheral blood, play an important role in 
the regulation of inflammatory processes. HDL inhibits 
the transmigration of monocytes and the expression 
of endothelial adhesion molecules. This prevents 

macrophages from transferring lipid loads to the arterial 
wall (11). Recent research has also shown that HDL 
regulates the proliferation of monocyte progenitor cells 
(15). All of these findings indicate that monocytes have 
pro-inflammatory effects, and HDL cholesterol acts 
as a factor that reverses this process. Given the anti-
inflammatory effects of monocytes and HDL, the ratio 
of these two values to each other has emerged as a good 
indicator of inflammation.

The effectiveness of the MHR in predicting the diagnosis 
and prognosis of many diseases with inflammation 
in their etiology has been studied since the idea that it 

Hepatic steatosis grade  
 Grade 0 (n=85) Grade 1 (n=58) Grade 2 (n=28) Grade 3 (n=20) p

Age 45 (39 - 57) 55 (46 - 62) * 52.5 (46 - 62) * 58 (48 - 63) * <0.001

Sex

Male 43 (50.59%) 27 (46.55%) 12 (42.86%) 12 (60.00%)
0.657

Female 42 (49.41%) 31 (53.45%) 16 (57.14%) 8 (40.00%)

ALT 26.81 ± 7.06 30.16 ± 12.97 36.43 ± 9.03 * 54.80 ± 15.94 *#§ <0.001

AST 25.40 ± 6.31 26.97 ± 11.49 27.79 ± 7.42 26.70 ± 8.97 0.424

Elevated liver function test 29 (34.12%) 28 (48.28%) 20 (71.43%) * 19 (95.00%) *# <0.001

Fasting blood glucose 91.27 ± 12.88 98.84 ± 12.84 * 104.68 ± 10.37 * 111.40 ± 12.57 *# <0.001

Impaired fasting glucose 22 (25.88%) 27 (46.55%) 20 (71.43%) * 15 (75.00%) * <0.001

HOMA-IR 1.8 (1.6 - 2.2) 2.35 (1.8 - 3.2) * 5.0 (3.95 - 7.2) *# 8.65 (4.1 - 10.2) *# <0.001

Insulin resistance 11 (12.94%) 24 (41.38%) * 26 (92.86%) *# 19 (95.00%) *# <0.001

Total cholesterol 154.91 ± 29.19 176.60 ± 25.50 * 199.39 ± 40.40 *# 211.80 ± 60.96 *# <0.001

Triglyceride 107 (64 - 136) 131.5 (79 - 158) 167 (120 - 203) *# 215 (178.5 - 262) *# <0.001

LDL 94 (84 - 107) 104 (95 - 120) * 117.5 (96.5 - 145) * 155.5 (139 - 166) *#§ <0.001

HDL 51.25 ± 13.11 46.98 ± 9.55 40.71 ± 8.15 * 37.10 ± 7.17 *# <0.001

Dyslipidemia 47 (55.29%) 39 (67.24%) 26 (92.86%) * 20 (100.00%) *# <0.001

Monocyte 496.59 ± 186.42 710.00 ± 229.72 * 810.36 ± 326.05 * 880.50 ± 242.76 *# <0.001

Monocyte to HDL ratio 10.24 ± 4.67 15.72 ± 6.00 * 20.75 ± 9.38 *# 25.02 ± 10.46 *# <0.001

Table 3. Summary of variables with regard to hepatic steatosis grade

Data are given as mean ± standard deviation or median (1st quartile - 3rd quartile) for continuous variables according to normality 
of distribution and as frequency (percentage) for categorical variables. *: Significant difference from Grade 0, #: significant 
difference from Grade 1, §: Significant difference from Grade 2

 Univariable Multivariable
 OR (95% CI) p OR (95% CI) p
Age 1.045 (1.011 - 1.081) 0.010 0.985 (0.930 - 1.044) 0.613
Sex, Female 0.959 (0.499 - 1.844) 0.900
Elevated liver function test 6.538 (2.943 - 14.527) <0.001 5.015 (1.498 - 16.792) 0.009
Impaired fasting glucose 5.165 (2.503 - 10.656) <0.001 2.538 (0.783 - 8.229) 0.121
Insulin resistance 46.286 (13.538 - 158.243) <0.001 25.112 (6.404 - 98.475) <0.001
Dyslipidemia 15.244 (3.559 - 65.297) <0.001 5.524 (0.950 - 32.113) 0.057
Monocyte to HDL ratio, >16.1 17.798 (7.728 - 40.988) <0.001 8.905 (2.863 - 27.694) <0.001

Nagelkerke R2 - 0.710

Table 4. Odds ratios for grade 2&3 hepatic steatosis, logistic regression analysis results

OR: Odds ratio, CI: Confidence interval
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may be a marker of inflammation and oxidative stress 
emerged. There is even evidence that it may indicate 
low-grade systemic inflammation in the absence of overt 
disease manifestation. For example, obesity causes low-
grade chronic systemic inflammation. In a recent study 
conducted in Turkey, the status of the MHR in obese 
and non-obese individuals was investigated, and it was 
discovered that MHR was higher in obese individuals, 
and this increase was directly proportional to the degree 
of obesity (16).  These studies led to the conclusion 
that MHR is a marker that can reflect even the pre-
inflammatory state and correlates with the severity of 
inflammation. 

Table 5. Correlations between monocyte to HDL ratio 
and other variables

 
Monocyte to HDL 

ratio
 r p
Age, years 0.248 0.001
ALT 0.312 <0.001
AST 0.062 0.394
Fasting blood glucose, mg/dl 0.297 <0.001
HOMA-IR 0.436 <0.001
Total cholesterol, mg/dl 0.388 <0.001
Triglyceride, mg/dl 0.328 <0.001
LDL, mg/dl 0.413 <0.001

r: Correlation coefficient

Our study showed that MHR was much higher in the 
group with HS than in the group without HS. Furthermore, 
as the HS stage increased, the MHR also increased. The 
reason for this is that inflammation becomes more severe 
as fat accumulation increases in hepatocytes (17).

Since NAFLD is so common and has such serious 
consequences, it must be diagnosed early and closely 
monitored. Due to the mechanisms involved in 
pathogenesis, it is important to remember that NAFLD 
is linked not only to liver-related mortality but also to 
cardiovascular mortality (18). The MHR is also used 
to predict the prognosis of cardiovascular disease 
(19,20). According to the World Health Organization’s 
2020 report, 30 million people aged 30 to 69 die each 
year as a result of non-communicable diseases. The 
most common cause of noncommunicable diseases is 
metabolic abnormalities. HS is common in societies 
with obesity, hyperlipidemia, insulin resistance, type 2 
Diabetes Mellitus, and metabolic syndrome (21). As a 
result, high-risk individuals with these diseases should 
be thoroughly examined for the presence of NAFLD. 
Similarly, the presence of these diseases must be 
investigated in a patient in whom HS is detected for any 
reason (22).

The prevalence of all these predisposing diseases, and 
thus the prevalence of NAFLD increases with age (23). 
Consistent with this data, our study showed that age was 
significantly higher in the group with HS compared to 
the group without HS. Hospital visits for these patients 
increase after diagnosis, and this situation causes a 
serious economic burden. There was no difference in 
the sex distribution between the HS and non-HS groups 
in our study. This was thought to be due to the similar 
prevalence of predisposing diseases in men and women. 
In the study of Yozgat et al. investigating the MHR in 
NAFLD, similar to our study, age was found to be higher 
in the group with HS, but no difference was observed in 
terms of sex distribution (10).

Insulin resistance is widely regarded as the primary cause 
of metabolic syndrome and NAFLD. The metabolic 

Figure 1. ROC curve of the monocyte to HDL ratio to predict 
hepatic steatosis

Figure 2. Box-plot of the monocyte to HDL ratio with regard 
to hepatic steatosis grade

http://www.jeimp.com


J Eur Int Med Prof. 2023;1(3):57-64.63

Yiğit et al. Monocyte/HDL Ratio and Fatty Liver

syndrome is characterized by low HDL and increased 
triglycerides levels. Insulin resistance promotes lipolysis 
in adipose tissue, which results in the release of free 
fatty acids and their storage in the liver, and thus the 
development of HS. Dyslipidemia has a direct impact 
on the onset and progression of HS (24). Non-HDL 
cholesterol is a value that indicates the total level of 
harmful fats in the blood and can be calculated simply 
by subtracting HDL cholesterol from total cholesterol. 
IR causes a decrease in HDL cholesterol levels and an 
increase in NON-HDL cholesterol levels. In a study 
conducted in China in which 2717 individuals were 
followed up for an average of 1.6 years, a significant 
correlation was found between newly developing 
NAFLD and non-HDL/HDL cholesterol levels (25). In 
the presence of HS, trigliseride increase is also observed 
in addition to low HDL. In a recent study of 18061 
patients, trigliseride /HDL ratio was found to be directly 
associated with NAFLD and this was also associated 
with insulin resistance (26). 

AST and ALT are markers of hepatocellular damage. 
AST is found in the liver, heart muscle, skeletal 
muscle, kidneys, brain, pancreas, lungs, leukocytes, 
and erythrocytes. It is not as sensitive and specific for 
the liver as ALT. ALT is a liver-specific enzyme and 
ALT increase is more prominent than AST increase in 
laboratory findings reflecting HS (27).

However, in our study, fasting blood glucose, insulin 
resistance, total cholesterol, LDL, triglyceride, and ALT 
were significantly higher in the group with HS compared 
to those without HS and these values increased as the 
stage of HS increased and when correlation analysis was 
performed, MHR was positively correlated with these 
values. HDL was significantly lower in the group with 
HS compared to the group without HS and decreased 
as the stage of HS increased. There was no significant 
difference in terms of AST between the HS and non-HS 
groups. 

Regression analyses show that the MHR is an important 
predictor of HS. Only ALT, insulin resistance, and the 
MHR are found to be independently associated with HS. 
A patient with increased ALT, the liver function test that 
best reflects HS, is 3.1 times more likely to have HS, 
and a patient with insulin resistance, the most important 
risk factor for HS, is 8.4 times more likely to have HS. 
The possibility of HS is 9.9 times higher in patients with 
an increased MHR. The study’s findings indicate that, 
just as we investigate the presence of HS in a patient 
with increased ALT and insulin resistance, we need to 
be equally careful in a patient with a high MHR and risk 
factors for HS. 

LIMITATIONS OF THE STUDY
Ours is a single-center study involving 191 patients. 

We don’t have the patients’ height, weight, or Body 
Mass Index parameters because the study was done 
retrospectively. Multicenter prospective studies with a 
larger number of patients that include these parameters 
are required. Furthermore, a recent infection may have 
affected the patients’ monocyte values, but there is 
no information about this in the patient files. Another 
limitation is that the diagnosis of HS is made using 
USG. USG has the disadvantages of being a subjective 
evaluation, the difficulty of use in obese patients, and 
low sensitivity in histologic liposis below 30%.

CONCLUSION
MHR is closely associated with the presence and stages 
of NAFLD. It can be used as a marker to predict the 
presence and stages of HS in high-risk groups and may 
also be useful in evaluating the treatment response.

DECLARATIONS
Ethics Committee Approval: Approval of the the study 
was obtained from the Istanbul Medipol University 
Non-Invasive Clinical Research Ethics Committee for 
the study. (Date: 30.01.2023 / Number: E-10840098-
772.02-739)
Financial Disclosure: This  research  did  not  receive 
any specific grant from funding agencies in the public, 
commercial, or not-for-profit sectors.
Author contributions: The idea, method and planning 
of the study, data collection and statistical analysis were 
made by Ece Yiğit, the evaluation and interpretation of 
the findings, literature review and article drafting were 
made by İlknur Sayar. All authors read and approved the 
final manuscript.
Conflict of interest: None
Informed consent form: Since the study is a 
retrospective study based on the examination of patient 
files, informed consent form was not obtained.
Funding source: No funding  was  received  for  the 
research.
Referee Evaluation Process: Externally peer-reviewed.

REFERENCES
1.Gören B, Fen T. Non-Alkolik Yağlı Karaciğer Hastalığı. Turkiye Klinikleri 
J Med Sci. 2005;25(6):841-50.
2.Kim GA, Lee HC, Choe J, et al. Association between non-alcoholic fatty 
liver disease and cancer incidence rate [published online ahead of print, 
2017 Nov 2]. J Hepatol. 2017;S0168-8278(17)32294-8. doi:10.1016/j.
jhep.2017.09.012
3.Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M. Global 
epidemiology of nonalcoholic fatty liver disease-Meta-analytic assessment 
of prevalence, incidence, and outcomes. Hepatology. 2016;64(1):73-84. 
doi:10.1002/hep.28431
4.Huang DQ, El-Serag HB, Loomba R. Global epidemiology of NAFLD-
related HCC: trends, predictions, risk factors and prevention. Nat Rev 
Gastroenterol Hepatol. 2021;18(4):223-238. doi:10.1038/s41575-020-
00381-6
5.Sonsuz A. Nonalkolik karaciğer yağlanması. İÜ Cerrahpaşa Tıp Fakültesi 
Sürekli Tıp Eğitimi Etkinlikleri. 2007;58:91-98.
6.Long MT, Gandhi S, Loomba R. Advances in non-invasive biomarkers for 
the diagnosis and monitoring of non-alcoholic fatty liver disease. Metabolism. 
2020;111S:154259. doi:10.1016/j.metabol.2020.154259
7.Ajmera V, Perito ER, Bass NM, et al. Novel plasma biomarkers associated 
with liver disease severity in adults with nonalcoholic fatty liver disease. 
Hepatology. 2017;65(1):65-77. doi:10.1002/hep.28776
8.Wong VW, Adams LA, de Lédinghen V, Wong GL, Sookoian S. 

http://www.jeimp.com


J Eur Int Med Prof. 2023;1(3):57-64.64

Yiğit et al. Monocyte/HDL Ratio and Fatty Liver

Noninvasive biomarkers in NAFLD and NASH - current progress and future 
promise. Nat Rev Gastroenterol Hepatol. 2018;15(8):461-478. doi:10.1038/
s41575-018-0014-9
9.Huang H, Wang Q, Shi X, et al. Association between Monocyte to High-
Density Lipoprotein Cholesterol Ratio and Nonalcoholic Fatty Liver Disease: 
A Cross-Sectional Study. Mediators Inflamm. 2021;2021:6642246. Published 
2021 Dec 7. doi:10.1155/2021/6642246
10.Yozgat A, Ekmen N, Kasapoglu B, Unsal Y, Sokmen FC, Kekilli M. 
Monocyte/HDL ratio in non-alcoholic hepatic steatosis. Arq Gastroenterol. 
2021;58(4):439-442. doi:10.1590/S0004-2803.202100000-80
11.Säemann MD, Poglitsch M, Kopecky C, Haidinger M, Hörl WH, Weichhart 
T. The versatility of HDL: a crucial anti-inflammatory regulator. Eur J Clin 
Invest. 2010;40(12):1131-1143. doi:10.1111/j.1365-2362.2010.02361.x
12.Pirmoazen AM, Khurana A, El Kaffas A, Kamaya A. Quantitative 
ultrasound approaches for diagnosis and monitoring hepatic steatosis in 
nonalcoholic fatty liver disease. Theranostics. 2020;10(9):4277-4289. 
Published 2020 Mar 4. doi:10.7150/thno.40249
13.Saadeh S, Younossi ZM, Remer EM, et al. The utility of radiological imaging 
in nonalcoholic fatty liver disease. Gastroenterology. 2002;123(3):745-750. 
doi:10.1053/gast.2002.35354
14.Hilgendorf I, Swirski FK, Robbins CS. Monocyte fate in atherosclerosis. 
Arterioscler Thromb Vasc Biol. 2015;35(2):272-279. doi:10.1161/
ATVBAHA.114.303565
15.Murphy AJ, Woollard KJ. High-density lipoprotein: a potent inhibitor 
of inflammation. Clin Exp Pharmacol Physiol. 2010;37(7):710-718. 
doi:10.1111/j.1440-1681.2009.05338.x
16.Köylü E, Kurtoğlu YK. Relationship between elevated monocyte-HDL 
ratio, an inflammatory marker, with smoking. The Journal of Turkish Family 
Physician. 2021;12(1):22-31.
17.Ersoy İ, Ersoy P. Yeni kardiyovasküler risk belirteçleri plazma aterojenik 
indeksi, nötrofil/lenfosit oranı ve monosit HDL oranı obezitede nasıl 
etkilenmektedir? Kesitsel retrospektif bir çalışma. Kocatepe Tıp Dergisi. 
2022;23(1):1-6.
18.Tessari P, Coracina A, Cosma A, Tiengo A. Hepatic lipid metabolism and 
non-alcoholic fatty liver disease. Nutr Metab Cardiovasc Dis. 2009;19(4):291-
302. doi:10.1016/j.numecd.2008.12.015
19.Allen AM, Van Houten HK, Sangaralingham LR, Talwalkar JA, McCoy 
RG. Healthcare Cost and Utilization in Nonalcoholic Fatty Liver Disease: 
Real-World Data From a Large U.S. Claims Database. Hepatology. 
2018;68(6):2230-2238. doi:10.1002/hep.30094
20.Karaaslan Ö, Ekizler FA, Özilhan MO, Çoteli C, Ünal S, Maden O. 
Akut Miyokardit Hastalarında Monosit/HDL Kolestrol Oranı ile Klinik 
Sonlanımlar Arasındaki İlişki. Ankara Üniversitesi Tıp Fakültesi Mecmuası. 
2021;74(1):76-82.
21.Aydin E, Ates I, Fettah Arikan M, Yilmaz N, Dede F. The ratio of 
monocyte frequency to HDL cholesterol level as a predictor of asymptomatic 
organ damage in patients with primary hypertension. Hypertens Res. 
2017;40(8):758-764. doi:10.1038/hr.2017.36
22.Chalasani N, Younossi Z, Lavine JE, et al. The diagnosis and management 
of nonalcoholic fatty liver disease: Practice guidance from the American 
Association for the Study of Liver Diseases. Hepatology. 2018;67(1):328-
357. doi:10.1002/hep.29367
23.European Association for the Study of the Liver (EASL); European 
Association for the Study of Diabetes (EASD); European Association for the 
Study of Obesity (EASO). EASL-EASD-EASO Clinical Practice Guidelines 
for the Management of Non-Alcoholic Fatty Liver Disease. Obes Facts. 
2016;9(2):65-90. doi:10.1159/000443344
24.Sheth SG, Chopra S. Epidemiology, clinical features, and diagnosis of 
nonalcoholic fatty liver disease in adults. In: UpToDate. Waltham, MA. 
2017.: UpToDate;2023.www.uptodate.com. Accessed May 25, 2023.
25.Fon Tacer K, Rozman D. Nonalcoholic Fatty liver disease: focus 
on lipoprotein and lipid deregulation. J Lipids. 2011;2011:783976. 
doi:10.1155/2011/783976
26.Fan N, Peng L, Xia Z, et al. Triglycerides to high-density lipoprotein 
cholesterol ratio as a surrogate for nonalcoholic fatty liver disease: a cross-
sectional study. Lipids Health Dis. 2019;18(1):39. Published 2019 Feb 2. 
doi:10.1186/s12944-019-0986-7
27.Milić S, Stimac D. Nonalcoholic fatty liver disease/steatohepatitis: 
epidemiology, pathogenesis, clinical presentation and treatment. Dig Dis. 
2012;30(2):158-162. doi:10.1159/000336669

http://www.jeimp.com

