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Abstract 

Background: Non-alcoholic fatty liver disease (NAFLD) is one of the most prevalent chronic liver diseases, particu-
larly in Egypt. It is defined as the accumulation of lipids inside the hepatocytes, in the absence of other etiologies of 
hepatic damage. It is frequently associated with obesity, diabetes mellitus, and metabolic syndrome. Adiponectin is an 
abundant adipocyte-derived protein with well-established anti-atherogenic, insulin-sensitizing, and anti-inflammatory 
properties. The liver is a major target organ for adiponectin especially in fatty liver diseases, and this adipocytokine has 
the ability to control many liver functions including metabolism, inflammation, and fibrosis. In this study, we aimed to 
find out the correlation between the degree of liver fibrosis in NAFLD patients and their serum adiponectin level as a 
future non-invasive method for the assessment of liver fibrosis to substitute liver biopsy to avoid its hazardous compli-
cation and also to study the correlation between diabetes mellitus as well as obesity and serum adiponectin level.

Results: Fifty patients were selected to participate in our study based on our inclusion criteria. They were recruited 
from the Internal Medicine Department, Gastroenterology Clinic in Al-Demerdash Hospital using a convenient sam-
pling method. Diagnosis of NAFLD was confirmed by laboratory markers: aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), lipid profile, ultrasound, and FibroScan examination. Analyzing the adiponectin levels showed 
that besides its significant correlation with body mass index (BMI), hypertension, diabetes mellitus, and dyslipidemia, 
it was significantly lower in the high-grade fibrosis group compared to the low-grade fibrosis group with a P-value of 
(0.000) and a cutoff value for stage 3/4 fibrosis of about 2.31 μg/ml which marked a promising hope of adiponectin 
being of protective value against liver fibrosis.

Conclusion: Both serum levels and hepatic adiponectin receptor expression are decreased in NAFLD. Therefore, 
either adiponectin itself or adiponectin-inducing agents might be of key therapeutic interest in the near future in the 
treatment of NAFLD.
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Background
Non-alcoholic fatty liver disease (NAFLD) represents a 
spectrum of disorders characterized by macrovescicu-
lar hepatic steatosis occurring in individuals without 
relevant alcohol consumption. It is a complex meta-
bolic condition in which both lifestyle and genetic fac-
tors have a pathogenic role and has been increasingly 
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recognized as a major cause of liver-related morbidity 
and mortality [29].

Moreover, NAFLD has been convincingly associated 
with the metabolic insulin resistance syndrome; most 
patients are overweight or frankly obese, with altered 
glucose regulation, dyslipidemia, and raised blood pres-
sure, all contributing to the disorder [22].

Insulin resistance, through the inhibition of lipid oxi-
dation and increased fatty acid and triglycerides syn-
thesis, is believed to be a key factor in the development 
of fatty liver. Moreover, insulin resistance states, such 
as obesity and diabetes, are also characterized by ele-
vated expression and production of several cytokines; 
of particular interest are cytokines produced by adipose 
tissue, the so-called adipokines (adiponectin, leptin, 
resistin), nuclear factor α (NFα), transforming growth 
factor β (TGFβ), and plasminogen activator inhibitor-1 
(PAI-1). Their role in the development of diabetes and 
other obesity complication has been suggested [35].

Adiponectin, a 28-kDa protein adipocytokine, is 
mainly produced and secreted into the circulation 
by white adipose tissue. The primary function of adi-
ponectin is the regulation of carbohydrate and lipid 
metabolism. However, the full extent of its biological 
action remains to be elucidated, with a variety of effects 
on different cell and tissue types, including its immune-
modulatory, anti-inflammatory, and anti-fibrotic prop-
erties [32].

Regarding its protective effects, adiponectin regulates 
hepatic stellate cell (HSC) proliferation, as well as migra-
tion, and induces their apoptosis through the activation 
of adenosine monophosphate-activated protein kinase 
(AMPK). Moreover, adiponectin can attenuate HSC 
activation and suppress the expression of pro-fibrogenic 
genes, including collagen I, TGF-β1, and alpha-smooth 
muscle actin (α-SMA), leading to the inhibition of liver 
fibrogenesis. With such potent effects on HSCs against 
liver fibrosis, adiponectin may be developed as a novel 
therapeutic agent in liver fibrosis. As it can be detected 
in the circulation and exerts its effects on various cells, 
it may have prognostic and diagnostic values for several 
human diseases. Interestingly, hypo-adiponectinemia has 
been documented as highly prevalent in patients with 
NAFLD and liver fibrosis, thereby establishing the pos-
sible influence of adiponectin levels in the development 
and progression of liver fibrosis [34].

Nevertheless, the underlying mechanisms of the asso-
ciation between adiponectin and liver fibrosis have yet to 
be completely elucidated. Therefore, the purpose of this 
study is to find the correlation between adiponectin and 
the degree of liver fibrosis in patients with NAFLD as a 
future substitution for liver biopsy to avoid its hazardous 
complications and also to study the correlation between 

diabetes mellitus as well as obesity and serum adiponec-
tin level.

Methods
This was a cross-sectional study conducted on 50 Egyp-
tian patients with a diagnosis of NAFLD recruited from 
Ain Shams University, Internal Medicine Department, 
Gastroenterology Clinic, between January 2019 and 
February 2020 using a convenient sampling method. An 
informed written consent was obtained from all patients 
before inclusion in this study. The study was approved 
by the Ethical Review Board of our institution. The study 
protocol conforms to the ethical guidelines of the Decla-
ration of Helsinki as reflected in a priori approval by the 
institution’s human research committee.

Diagnosis of NAFLD was confirmed by the evidence 
of hepatic steatosis on imaging, abnormal liver enzymes 
(ALT > 52  IU/l, AST > 39  IU/l), and elevated lipid profile 
in the absence of secondary causes of hepatic fat accumu-
lation such as significant alcohol consumption or long-
term use of steatogenic medications.

Exclusion criteria
The exclusion criteria were patients with other diagnosed 
chronic liver diseases: chronic viral hepatitis, metabolic 
and genetic disorders as hemochromatosis and Wilson 
disease, autoimmune hepatitis, drug-induced liver dis-
ease, alcoholic liver disease due to significant alcohol 
consumption, and celiac disease.

All patients were subjected to the following: thorough 
history taking and full clinical examination. Investiga-
tions included complete blood count (CBC), alanine 
aminotransferase (ALT), aspartate aminotransferase 
(AST), serum total and direct bilirubin, serum albumin, 
international normalization ratio (INR), hepatitis B sur-
face antigen (HbsAg), hepatitis C virus antibody (HCV 
Ab), fasting blood sugar, and glycosylated hemoglobin 
(HbA1C), in addition to lipid profile which included 
triglyceride, total cholesterol, high-density lipoprotein 
(HDL), and low-density lipoprotein (LDL). Abdomi-
nal ultrasound was done for the diagnosis of steato-
sis and steatohepatitis. The criteria for the diagnosis of 
steatohepatitis include presence of > 5% macrovesicular 
steatosis, inflammation, and liver cell ballooning. Assess-
ment of liver fibrosis was done by transient elastography 
(FibroScan) (Table 1).

In the assessment of plasma adiponectin level using 
the Human Adiponectin ELISA Kit (Chongqing Bio-
spes Com, Ltd.), the following was performed after col-
lecting blood samples from our participants: Plasma 
samples were isolated from patients soon after the 
collection then stored at − 20° for further processing. 
EDTA was used as the anticoagulant. The sample was 
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then diluted using the provided diluent buffer. A con-
centrated wash buffer was diluted using distilled water. 
A standard solution for lyophilized human adiponec-
tin was prepared by adding the sample to the stand-
ard diluent buffer. The biotin-conjugated anti-human 
adiponectin antibody was prepared by dilution with 
antibody diluent buffer. The avidin–biotin-peroxidase 
was prepared by dilution with ABC diluent buffer. All 
the previously prepared kit components are added to 
the wells at the provided order and timings mentioned 
in the kit manual. Then, the readings are calculated 
with a specific equation, and curves are plotted using 
standard readings and readings of the samples at dif-
ferent wells. The human adiponecin concentration of 
the samples was interpolated from the standard curve.

Data collection and analysis
All the previous data were collected in a spreadsheet 
using Microsoft Excel 2013 for each individual patient 
including age, sex, height, weight, BMI, SBP, DBP, 
CBC, fasting and 2-h post-prandial (2hPP) blood sugar, 
HbA1C, AST, ALT, total and direct bilirubin, serum 
albumin, INR, lipid profile, serum adiponectin level, 
and FibroScan results.

Patients were categorized according to the previous 
data into diabetic/non-diabetic, overweight/obese, and 
low-grade/high-grade fibrosis.

For each of these groups, correlations were made 
between the dependent variable (diabetes, BMI, grade 
of fibrosis) and all other obtained clinical data. Serum 
adiponectin level was reported in all patients and cor-
related as a dependent variable with all other clinical 
data including FibroScan results. For data analysis, 
the SPSS software was used. All numerical data were 
represented as means and standard deviations. All cat-
egorical data were represented as percentages. Regres-
sion analysis was performed to assess the correlation 
between different variables where P-value < 0.05 indi-
cated significant correlation. Diagnostic accuracy tests 
were also performed to assess the use of adiponectin as 
an indicator for fibrosis, diabetes, and obesity. Sensi-
tivity, specificity, positive predictive value (PPV), nega-
tive predictive value (NPV), and receiver operating 
characteristic (ROC) analysis were performed for that 
matter.

Results
This study included 50 patients with a diagnosis of 
NAFLD recruited from Ain Shams University, Internal 
Medicine Department, Gastroenterology Clinic. Among 
the 50 patients, 28 patients were overweight (BMI over 
25 kg/m2) and 22 patients were obese (BMI over 30 kg/
m2) The patients’ demographic characteristics, anthropo-
metric measures, and laboratory investigations are sum-
marized in Table 2.

All those previously listed demographic, clinical data, 
and laboratory investigations were further correlated to 
the level of serum adiponectin and degree of liver fibrosis 
measured by FfibroScan.

Table  3 shows the mean adiponectin level was 
4.08 ± 1.32  μg/ml in the studied group. Ten patients 
(20%) showed high-grade fibrosis using FibroScan score 
(F3 and F4), while the majority of the patients (80%) 
showed low-grade fibrosis (F0, F1, and F2).

A significant correlation was found between obesity 
and DM with a P-value of 0.014. No significant correla-
tion was found between obesity and HTN according to 
the collected data (Tables 4 and 5).

A highly significant correlation was found between 
BMI and diabetes mellitus (DM) as expected where 
higher BMI values were reported among diabetic patients 
compared to the non-diabetic group (30.56 ± 2.6 vs 
28.6 ± 1.81, respectively) with a P-value of 0.005 as shown 
in Table 6.

The exact distribution of grades F0–F4 is demonstrated 
in Table 7 which shows that all non-diabetic patients had 
low-grade fibrosis (F0, F1, and F2), while about 34.5% 
of diabetic patients scored high-grade fibrosis (F3–F4) 
establishing a highly significant positive correlation 
between diabetes and high-grade fibrosis with a P-value 
of 0.000.

Table 8 shows a highly significant correlation between 
the grade of liver fibrosis and BMI and diabetes. A signifi-
cant correlation was found between hypertension and the 
grade of fibrosis by FibroScan.

Table  9 shows a highly significant positive correla-
tion between adiponectin level and platelet, albumin, 
and high-density lipoprotein (HDL); a highly significant 
negative correlation with BMI, HbA1C, total cholesterol, 
triglyceride (TG), and low-density lipoprotein (LDL); a 
significant negative correlation with SBP; and a non-sig-
nificant negative correlation with DBP.

Table  10 shows the exact distribution of adiponectin 
levels among patients with different grades of fibrosis 
demonstrating a statistically significant negative correla-
tion between adiponectin level and grade of liver fibrosis 
measured by FibroScan.

A cutoff value of 2.31 was determinant between low-
grade and high-grade fibrosis, meaning that all our 

Table 1 Grading of fibrosis in NAFLD patients according to 
FibroScan measurements

F0–F1 F2 F3 F4

NAFLD 2–7 kPa 7.5–10 kPa 10–14 kPa 14 kPa or higher
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high-grade fibrosis patients had adiponectin level equal 
to or below this value, while it was higher in all our low-
grade fibrosis patients with a sensitivity and specificity of 
100% (Table 11, Fig. 1).

Discussion
In 2018, it is estimated that about 25% of the world popu-
lation has NAFLD. Several studies have investigated the 
progression of NAFLD and its subtypes. Although most 
studies have concluded that non-alcoholic steatohepatitis 
(NASH) is the progressive form of NAFLD, recent data 
indicates that a small subset of NAFLD, those with no 
histologic features of NASH, can progress into advanced 
liver disease [31].

Adiponectin is the most abundant peptide secreted 
by adipocytes as well as other cell types including skel-
etal, cardiac, and endothelial cells. It can protect the 
liver from injury by enhancing fatty acid β-oxidation, 
thus reducing hepatic triacylglycerol content and hepatic 
insulin resistance. Adiponectin has an anti-inflammatory 
role by inhibiting the production of pro-inflammatory 
cytokines such as interleukin-6 (IL-6) and tumor necro-
sis factor-a (TNF-a) in macrophages and/or reduces their 
phagocytic capacity. This may be a paramount feature 
in reversing metabolic dysfunction. Adiponectin poten-
tially has a protective role in insulin resistance (IR) and 
pathophysiologic procedure of type 2 diabetes mellitus 

Table 2 Demographic characteristics, anthropometric measures, 
and laboratory investigations of the studied cases

Total no. = 50

Sex Females 17 (34.0%)

Males 33 (66.0%)

Age (years) Mean ± SD 46.3 ± 6.3

Range 25–56

Weight (kg) Mean ± SD 84.49 ± 7.83

Range 72–111

Height (cm) Mean ± SD 168.12 ± 3.88

Range 160–178

WC (cm) Mean ± SD 95.19 ± 8.27

Range 82–115

BMI (kg/m2) Mean ± SD 29.74 ± 2.48

Range 26–38.4

Obesity Overweight 28 (56.0%)

Obese 22 (44.0%)

SBP (mmHg) Mean ± SD 136.8 ± 16.34

Range 100–170

DBP (mmHg) Mean ± SD 83.4 ± 10.32

Range 60–100

HTN No 32 (64.0%)

Yes 18 (36.0%)

HbA1C (%) Mean ± SD 6.9 ± 2.08

Range 4–12

Diabetes Non-diabetic 21 (42.0%)

Diabetic 29 (58.00%)

FBS (mg/dl) Mean + SD 159.08 + 61.98

Range 80–261

2hPP (mg/dl) Mean + SD 228.5 + 95.83

Range 100–392

HB (g/dl) Mean ± SD 11.6 ± 1.61

Range 5.1–14.01

TLC (× 109/l) Mean ± SD 7.73 ± 1.87

Range 4.2–11.6

PLT (× 109/l) Mean ± SD 228.84 ± 33.64

Range 169–290

AST (IU/l) Mean ± SD 25.9 ± 5.53

Range 19–38

ALT (IU/l) Mean ± SD 29.08 ± 8.2

Range 13–49

T. BIL (mg/dl) Mean ± SD 1.03 ± 0.09

Range 0.8–1.27

D. BIL (mg/dl) Mean ± SD 0.13 ± 0.09

Range 0.01–0.3

Albumin (g/l) Mean ± SD 4.37 ± 0.31

Range 3.8–4.9

INR Mean ± SD 1.04 ± 0.07

Range 0.9–1.2

Total cholesterol (mg/dl) Mean ± SD 226.86 ± 33.72

Range 170–295

Table 2 (continued)

Total no. = 50

TG (mg/dl) Mean ± SD 202.94 ± 63.91

Range 120–342

LDL (mg/dl) Mean ± SD 137.56 ± 33.42

Range 45–190

HDL (mg/dl) Mean ± SD 47.89 ± 15.62

Range 19–86

Table 3 Adiponectin level and degree of fibrosis according to 
FibroScan in all studies cases

Total no. = 50

Adiponectin (μg/ml) Mean ± SD 4.08 ± 1.32

Range 1.4–6

FibroScan F0–1 31 (62.0%)

F2 9 (18.0%)

F3 6 (12.0%)

F4 4 (8.0%)

FibroScan Low grade 40 (80.0%)

High grade 10 (20.0%)
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Table 4 Comparison between overweight and obese regarding diabetic status and HTN

P-value > 0.05, non-significant; P-value < 0.05, significant; P-value < 0.01, highly significant
a Chi-square test
b Independent t-test

Overweight Obese Test value P-value Sig
No. = 28 No. = 22

BMI (kg/m2) Mean ± SD 27.95 ± 1.01 32.01 ± 1.85  − 9.920b 0.000 HS

Range 26–30 30.1–38.4

Diabetes Non-diabetic 16 (57.1%) 5 (22.7%) 5.990a 0.014 S

Diabetic 12 (42.9%) 17 (77.3%)

Hypertension (HTN) No 20 (71.4%) 12 (54.5%) 1.524a 0.217 NS

Yes 8 (28.6%) 10 (45.5%)

Table 5 Comparison between overweight and obese cases regarding the degree of liver fibrosis by FibroScan

FibroScan grading for our participants, the exact distribution of grades F0–F4 among both groups

P-value > 0.05, non-significant; P-value < 0.05, significant; P-value < 0.01, highly significant
a Chi-square test

Overweight Obese Test value P-value Sig
No. = 28 No. = 22

FibroScan F0–1 22 (78.6%) 9 (40.9%) 16.614a 0.002 HS

F2 4 (14.3%) 5 (22.7%)

F3 2 (7.1%) 4 (18.2%)

F4 0 (0.0%) 4 (18.2%)

Table 6 Comparison between diabetic and non-diabetic patients regarding obesity and BMI

P-value > 0.05, non-significant; P-value < 0.05, significant; P-value < 0.01, highly significant
a Chi-square test
b Independent t-test

Non-diabetic Diabetic Test value P-value Sig
No. = 21 No. = 29

BMI (kg/m2) Mean ± SD 28.6 ± 1.81 30.56 ± 2.6  − 2.976b 0.005 HS

Range 26.1–33.1 26–38.4

Obesity Overweight 16 (76.2%) 12 (41.4%) 5.990a 0.014 S

Obese 5 (23.8%) 17 (58.6%)

Table 7 Comparison between diabetic and non-diabetic patients regarding the degree of liver fibrosis by FibroScan

P-value > 0.05, non-significant; P-value < 0.05, significant; P-value < 0.01, highly significant
a Chi-square test

Non-diabetic Diabetic Test value P-value Sig
No. = 21 No. = 29

FibroScan F0–1 19 (90.5%) 12 (41.4%) 22.747a 0.000 HS

F2 2 (9.5%) 7 (24.1%)

F3 0 (0.0%) 6 (20.7%)

F4 0 (0.0%) 4 (13.8%)
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(T2DM). Reduction in adiponectin level plays a central 
role in obesity-related diseases, including IR/T2DM and 
cardiovascular disease [33].

In this study, a highly significant correlation was found 
between adiponectin level and liver fibrosis. We found that 
adiponectin levels were significantly lower in the high-
grade fibrosis group with a P-value of 0.000. Similar find-
ings were reported by Nazal et al. [25] who concluded that 
low adiponectin levels are associated with more severe 
liver fibrosis in a study that was conducted on seventy 
(70) obese patients and sixty-nine (69) controls. This can 
be attributed to the hepatoprotective and antifibrogenic 
effects of adiponectin in liver injury. It has anti-inflamma-
tory action by neutralizing TNF-α and antifibrotic action 
by inhibition of HSC proliferation and migration.

On the contrary, Lucero et al. [22] concluded that adi-
ponectin levels were lower in NAFLD patients, but there 
was no significant relation between adiponectin and the 
degree of liver fibrosis. That study was conducted on 
sixty patients with metabolic syndrome of which thirty-
six (36) were biopsy-proven NAFLD and twenty-four 
(24) with no even ultrasound NAFLD evidence. This dif-
ferent result may be due to the difference in the type of 
patients included in the study.

Table 8 Comparison between low-grade and high-grade fibrosis regarding demographic, clinical, and laboratory data

P-value > 0.05, non-significant; P-value < 0.05, significant; P-value < 0.01, highly significant
a Chi-square test

Low grade High grade Test value P-value Sig
No. = 40 No. = 10

BMI (kg/m2) Mean ± SD 29.11 ± 1.87 32.27 ± 3.07  − 4.176 0.000 HS

Range 26–33.1 27.2–38.4

Obesity Overweight 26 (65.0%) 2 (20.0%) 6.575 0.010 S

Obese 14 (35.0%) 8 (80.0%)

Diabetes Non-diabetic 21 (52.5%) 0 (0.0%) 9.052a 0.003 HS

Diabetic 19 (47.5%) 10 (100.0%)

HTN No 29 (72.5%) 3 (30.0%) 6.272 0.012 S

Yes 11 (27.5%) 7 (70.0%)

Table 9 Correlation between adiponectin and clinical features 
and laboratory investigations of the studied group

P-value > 0.05, non-significant; P-value < 0.05, significant; P-value < 0.01, highly 
significant

Spearman correlation coefficient

Adiponectin

R P-value

BMI (kg/m2)  − 0.579** 0.000

SBP (mmHg)  − 0.411** 0.003

DBP (mmHg)  − 0.322* 0.023

HbA1C (%)  − 0.768** 0.000

Platelets (× 109/l) 0.833** 0.000

Albumin (g/l) 0.556** 0.000

Total cholesterol (mg/dl)  − 0.625** 0.000

TG (mg/dl)  − 0.645** 0.000

LDL (mg/dl)  − 0.653** 0.000

HDL (mg/dl) 0.601** 0.000

Table 10 Comparison between adiponectin levels regarding FibroScan results

P-value > 0.05, non-significant; P-value < 0.05, significant; P-value < 0.01, highly significant

•Independent t-test

••One-way ANOVA test

Adiponectin (μg/ml) Test value P-value Sig

Mean ± SD Range

FibroScan F0–1 5.4 ± 0.5 4.3–6 146.027•• 0.000 HS

F2 3.7 ± 0.2 3.4–4

F3 2.1 ± 0.2 1.9–2.3

F4 1.6 ± 0.2 1.4–1.8
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In addition, adiponectin level showed a highly signifi-
cant correlation with obesity. Its mean values in both 
overweight and obese patients were 4.68 ± 1.09 and 
3.33 ± 1.21, respectively, with a P-value of 0.000. This 
was consistent with Zhang et  al. [34] who found a sig-
nificant negative correlation between adiponectin and 
obesity (P < 0.01) in a prospective study that was done on 
a large scale.

This can be attributed to the disproportional accumu-
lation of white adipose tissue in overweight and obese 
patients which is accompanied by a generalized change in 
the circulating levels of adiponectin [6].

This study showed that HTN has a significant negative 
correlation with adiponectin levels and a significant posi-
tive correlation with the grade of liver fibrosis (P = 0.01). 
As discussed before, patients with high-grade liver fibro-
sis have a state of hypo-adiponectinemia, which means 
loss of the protective role of adiponectin on vascular 
function.

Highly significant negative correlation was found 
between SBP and adiponectin levels with a P-value of 
0.003. Significant negative correlation was also found 
between DBP and adiponectin levels with a P-value of 
0.023. This agreed with Brzeska et al. [4] who found that 
plasma levels of adiponectin were significantly lower in 
the patients with hypertension (P = 0.0026).

Also, Baden et  al. [1] has found that adiponectin 
showed a significant negative correlation with systolic 
and diastolic blood pressure (P < 0.01). This can be 
explained by the fact that adiponectin attenuates the 
phenotype of M1 macrophage which displays upregu-
lation of pro-inflammatory cytokines including TNF-α, 
IL-6, and monocyte chemotactic protein-1 (MCP-1), 
and it promotes the phenotype of M2 macrophage 
which upregulates arginase-1 (ARG-1) and interleu-
kin-10 (IL-10). In addition, adiponectin improves the 
endothelial cell function via increasing nitric oxide 
(NO) and prostaglandin I2 (PGI2) production, thus 
exerts a protective action on vascular function through 
its ability to improve the function of macrophage and 
endothelial cells [28].

In the present study, a highly significant correlation 
was found between adiponectin levels and DM with 
P-values of 0.000 being lower in diabetic compared to 
non-diabetic patients and a highly significant positive 
correlation between diabetes and high-grade fibrosis 
with a P-value of 0.000.

This was in agreement with Davis et  al. [10], who 
stated that adiponectin level was negatively correlated 
with T2DM (P = 0.04) and Jaafar et al. [15] who found 
that diabetic patients presented with more severe fibro-
sis than non-diabetic NAFLD patients (P < 0.001).

T2DM patients can present with high-grade liver fibro-
sis that could be attributed to glucose intolerance, insulin 
resistance, and increased serum free fatty acids; there is 
ectopic fat deposition in visceral organs, notably the liver. 
Subsequently, fatty liver status increases the liver vul-
nerability to oxidative stress and mutations, and hence 
increased inflammation, leading to liver fibrosis [24].

Table 11 ROC curve for adiponectin level as a predictor for liver 
fibrosis

Cut off point AUC Sensitivity Specificity PPV NPV

 ≤ 2.31 1.000 100.00 100.00 100.0 100.0

Fig. 1 ROC for adiponectin level as a predictor for liver fibrosis
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This can be attributed to the role of adiponectin in reg-
ulating the metabolism of both glucose and lipid in the 
liver and has been implicated in inhibiting gluconeogene-
sis, as well as activating fatty acid oxidation and glycolytic 
pathways which overall improves insulin sensitivity [30].

As for lipid profile, we found that there was a highly 
significant negative correlation between adiponectin con-
centration and total cholesterol as well as TG (P < 0.001), 
while there was a highly significant positive correlation 
between adiponectin and HDL levels (P < 0.001). We 
found that total cholesterol, LDL, and triglycerides were 
higher among the high-grade fibrosis group.

This was found to be consistent with Brzeska et al. [4], 
who reported a significant negative correlation between 
TG and adiponectin level (P = 0.025), while a highly sig-
nificant positive correlation between adiponectin and 
HDL levels (P = 0.0001), but they reported no correlation 
between adiponectin and total cholesterol levels. Also, 
Maghsoudi et  al. [23] found a significant negative asso-
ciation between adiponectin and TG as well as LDL levels 
(P < 0.05) and a significant positive correlation with HDL 
(P < 0.05).

This agreed with Kumar et  al. [20] who found that 
high stages of liver fibrosis correlated with a sig-
nificant increase in levels of serum total cholesterol 
(P-value 0.005), TG (P-value 0.002), and LDL (P-value 
0.001), while an associated significant decrease in HDL 
(P-value 0.001) in NAFLD patients. As explained before, 
patients with high-grade liver fibrosis have a state of 
hypoadiponectinemia which has an important role in 
dyslipidemia.

This is explained by the role of adiponectin in lipid 
metabolism. It reduces the secretion of hepatic apolipo-
protein E and apolipoprotein B from the liver. Also, it 
increases insulin activity, improves glucose tolerance, and 
plays an important role in fatty acid oxidation; thus, it 
prevents dyslipidemia [14].

In the current study, more patients with low-grade liver 
fibrosis were found among the overweight group com-
pared to the obese group (92.95% compared to 63.6%), 
while more high-grade fibrosis was found among the 
obese group compared to the overweight group (36.4% 
compared to 7.1%). Hence, high-grade fibrosis was posi-
tively correlated with obesity in a statistically significant 
correlation with a P-value of 0.01. This was consistent 
with Caballería et al. [7] who reported that liver fibrosis 
in NAFLD patients is correlated with obesity and Ratziu 
et al. [26] who found that liver fibrosis is significantly cor-
related with BMI (P = 0.01).

This can be explained by the increased visceral fat in 
obese patients that has a primary role in the pathogenesis 
of NAFLD. Liver fat accumulation (steatosis) is largely 
dependent on recirculated free fatty acids (FFA) from the 

adipose tissue pool. Steatosis leads to lipotoxicity which 
causes apoptosis, necrosis, generation of oxidative stress, 
and inflammation. The resulting chronic injury activates 
a fibrogenic response [11].

In addition, worth noting is another highly signifi-
cant correlation found between relatively low plate-
let count and higher grades of liver fibrosis where 
platelet count were 191.7 ± 15.02 in this group compared 
to 238.31 ± 30.45 in the lower grade group with a P-value 
of 0.000. This agrees with Cao et al. [8] who found that 
platelet count negatively correlated with the stage of 
fibrosis in NAFLD patients.

The peripheral platelet production is mainly regu-
lated by thrombopoietin, which is a glycoprotein hor-
mone predominantly synthesized in the liver. During the 
development and progression of NAFLD, excessive lipid 
deposition and oxidative stress could impair the mito-
chondrial functions through inflammatory mediators and 
then affected thrombopoietin synthesis. Reduced platelet 
counts could happen in this process [21].

Another similar significant correlation with a P-value 
of 0.001 was established between relatively lower albu-
min levels and high-grade fibrosis (4.1 ± 0.21) compared 
to low-grade fibrosis (4.44 ± 0.29). This was consist-
ent with Kumar et  al. [20] who stated that liver fibrosis 
is inversely related to serum albumin level in NAFLD 
patients (P = 0.004).

We found that obesity was common among diabetic 
compared to non-diabetic patients (58.6% compared to 
23.8%) as expected with a P-value of 0.014 indicating a 
significant correlation. Consequently, higher BMI values 
were reported among diabetic patients compared to the 
non-diabetic group (30.56 ± 2.6 compared to 28.6 ± 1.81, 
respectively) with a highly significant correlation as 
indicated by a P-value of about 0.005. This was consist-
ent with Bae et al. [2] who found that a higher BMI than 
23.7  kg/m2 is associated with increased risk of incident 
diabetes (P = 0.02) in a prospective study over 8  years 
conducted on eight-thousand nine hundred patients. 
Also, this was in agreement with Riaz et  al. [27] who 
found that BMI in diabetic patients was significantly 
higher than controls (P < 0.05).

In the current study, we found that there is a significant 
correlation between obesity and high total cholesterol 
and LDL levels with a P-value of 0.031 and 0.023, respec-
tively, as well as with low HDL levels with a P-value of 
0.04. These findings were consistent with Maghsoudi 
et  al. [23] who found a significant positive correlation 
between BMI and total cholesterol and LDL (P < 0.05) 
and a significant negative correlation with HDL (P < 0.05). 
Also, this was in agreement with Hertelyova et  al. [13] 
who found that there was a significant positive correla-
tion between BMI and total cholesterol as well as LDL 
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levels (P < 0.001), while there was a significant negative 
correlation between HDL levels and BMI (P < 0.001) in a 
study conducted on four-hundred nineteen patients.

This can be explained by obesity-related uncontrolled 
increased FFA release from adipose tissue via lipolysis 
that results in enhanced delivery of FFA to the liver. This 
leads to increased TG and very low-density lipoprotein 
(VLDL) production in the liver and inhibition of lipopro-
tein lipase in adipose tissue and skeletal muscle leading to 
hypertriglyceridemia. Moreover, the increased VLDL in 
the liver can inhibit lipolysis of chylomicrons, which also 
contributes to hypertriglyceridemia. The TG in VLDL 
is exchanged for cholesteryl esters from LDL and HDL 
by the cholesteryl ester transport protein, producing 
TG-rich LDL and HDL. The TG in the LDL and HDL is 
then hydrolyzed by hepatic lipase, producing both small, 
dense LDL and HDL [17].

We also found a highly significant correlation between 
diabetes and total cholesterol, LDL, and TG values which 
were significantly higher in diabetic compared to the 
non-diabetic group with P-values of 0.000 for all. Higher 
HDL levels were also reported among non-diabetic com-
pared to the diabetic group (55.1 ± 14.58 compared to 
42.67 ± 14.42) with a P-value of 0.004 indicating a highly 
significant correlation. Kolhar and Priyanka [18] found 
that dyslipidemia is highly prevalent in diabetics and in 
particular more prevalent in those with poorly controlled 
diabetes. Also, Bhowmik et al. [3] reported that diabetic 
patients had a significant correlation with high total cho-
lesterol, LDL, and TG levels with P-values lower than 
0.001 for each, while low HDL levels were significantly 
correlated with diabetes (P = 0.048).

The origins of dyslipidemia in diabetes are complex but 
derived from specific abnormalities in lipoprotein metab-
olism and abnormalities in insulin action.

In this study, we found that there were low plate-
let counts in the obese group compared to the over-
weight group with a P-value of 0.003 indicating a highly 
significant correlation. This did not come in line with 
Jamshidi and Seif [16] who found that there is a signifi-
cant relationship between central and general adipos-
ity and higher platelet count. That study was performed 
on a greater number of cases (four-hundred eighty-six 
patients) while our study was conducted on fifty patients 
only. Also, in that study, they excluded diabetic and 
hypertensive patients. In our study, 77.3% of our obese 
patients were diabetics, and 45.5% of them were hyper-
tensive, while Coban et al. [9] found that there is no sig-
nificant correlation between platelet count and obesity 
in a study that was conducted on one-hundred obese 
patient and one-hundred controls.

Another noted highly significant correlation was 
found between lower platelet count and diabetes with 

a P-value of about 0.000. This may be because of vari-
ous factors such as high production and turnover rate 
in T2DM with diminished mean platelet survival [19].

This goes with Kshirsagar et  al. [19] who reported 
decreased platelet count in diabetic compared to non-
diabetic patients but was not statistically significant 
(P = 0.08), as well as with Buch et al. [5] and Hekimsoy 
et al. [12].

We also found relatively lower serum albumin lev-
els in the diabetic compared to the non-diabetic group 
with a P-value of 0.000. This agrees with Riaz et al. [27] 
who found that serum albumin for diabetic individuals 
was lower than control subjects which was statistically 
significant correlation (P < 0.05). Mostly due to the fact 
that patients with T2DM with long duration and/or 
poor control may develop diabetic nephropathy where 
they lose albumin in urine.

Conclusion
Lower serum adiponectin level is a predictor of 
NAFLD. Low serum adiponectin level should be con-
sidered as a potential non-classical biomarker of meta-
bolic complications in patients with NAFLD, although 
liver biopsy still remains the gold standard for the diag-
nosis of NAFLD and the staging of fibrosis and Fibro-
Scan appears to be an acceptable non-invasive tool 
for the assessment of fibrosis in NAFLD patients. We 
found a highly significant negative correlation between 
adiponectin and DM, hypertension, and obesity. Yet, 
serum adiponectin measurement could be of value in 
detecting patients with more advanced fibrosis among 
all patients with NAFLD. It is especially useful in 
excluding patients with advanced fibrosis. Its diagnos-
tic accuracy is excellent and is better than other non-
invasive predictors.
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