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Changes in Plasma Ghrelin, Leptin, Insulin and Glucagon-
Like Peptide-1 Levels Are Correlated to Body Mass Index 

among Patients with Early Asymptomatic  
Non-Alcoholic Fatty Liver 
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Ziad Al-Oanzi4),  Abdulaziz Amer Aldosari5),  Hussain G. Ahmed6),   
Tarek H. El-Metwally7,8)

ABSTRACT
Objectives: Saudi Arabia has high prevalence of obesity and Non-Alcoholic Fatty Liver (NAFL). Accurate diagnosis and dis-

section of early pathogenic events for fatty liver is important to furnish better grounds for early life-style intervention and ther-
apy. We aimed to cross-sectionally assess the utility of ghrelin, leptin, insulin and glucagon-like peptide-1 (GLP-1) as early 
pathogenetic culprits for asymptomatic obesity-comorbid NAFL.

Methods: Age- and gender-matching healthy lean controls with normal body mass index (BMI) [(Group A; n = 40) with BMI 
= 18.5-25], otherwise healthy asymptomatic overweight NAFL [(Group B; n = 64) with BMI = 25.1  30], and, otherwise healthy 
asymptomatic obese NAFL [(Group C; n = 76) with BMI > 30 - < 40] participants were enrolled. NAFL was transabdominally 
ultrasonographically characterized, and, non-alcoholic individuals with normal liver size and liver plasma enzymes were includ-
ed. Fasting plasma levels of ghrelin, leptin, insulin and GLP-1 were quantitatively immunoassayed. 

Results: Ghrelin level was highest in Group A followed by Group C then Group B. Leptin was highest in Group A followed 
by Group B then Group C. Insulin was obviously elevated in Group C followed by Group B then Group A. GLP-1 negatively sig-
nificantly related to BMI and was highest in group A followed by group B and then group C participants. Significant positive 
correlations were also observed between GLP-1 and leptin in all groups and between ghrelin and insulin in overweight NAFL 
participants. In overweight and obese NAFL individuals, ghrelin, leptin and GLP-1 were decreased whereas insulin was 
increased. 

Conclusion: Our results reflect the relative dysfunction and imbalanced equilibrium of the investigated hormones, and, sug-
gest their early pathogenetic implication in asymptomatic NAFL in the targeted population. 
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INTRODUCTION

Obesity and overweight have several comorbidities, particularly 
Non-Alcoholic Fatty Liver (NAFL), dyslipidemia, insulin resistance, 
diabetes and cardiovascular diseases. Although obesity is a preventable 
condition, its comorbidities are dreadful. Out of the epidemic over-
weight/obese 1.9 billion persons aging ≥ 18 years worldwide in the year 
2016, ~13% were obese, with a female predominance1). Beside the 
excess energy violation due to the socioeconomic and life style changes 

in Saudi Arabia, hereditary factors, family history, racial/ethnic varia-
tions, obesogenic environmental, etc. are also implicated2-4). 

The relationships between obesity and metabolic hormones such as 
ghrelin, leptin and insulin are well established. And, these hormones 
actively inter-act. The central and peripheral resistance to these hor-
mones is fundamental for the neuroendocrine control of energy homeo-
stasis and peripheral metabolism5). In a fast-acting manner, orexigenic 
ghrelin plays a major role in meal initiation and promotion of weight 
gain. Through activating the growth hormone secretagogue receptor, 
ghrelin regulates glucose and fat metabolism and decreases energy 
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expenditure and promotes adiposity6,7). Contrastingly, the anorexigenic 
slow-acting leptin induces long-term weight loss by suppressing food 
intake. Surprisingly, obese people show high levels of leptin and 
reduced levels of ghrelin. Nowadays, leptin-resistance is well-recog-
nized6). Insulin is a major regulator of adipogenesis and adipocyte-tri-
glyceride storage utilizing mechanisms that include stimulating the dif-
ferentiation of preadipocytes to adipocytes, and, stimulation of glucose 
and fatty acids uptake for triglyceride synthesis7,8). On the contrary, obe-
sity is a risk factor for insulin resistance, type 2 diabetes mellitus and 
NAFL9). 

Ghrelin is anti-inflammatory, regulates glucose homeostasis, and, 
modulates insulin secretion and signaling. On the other hand, insulin 
affects the systemic concentrations of ghrelin10,11). The preprandial 
increase and postprandial decrease may be associated with specific 
ghrelin gene polymorphism12,13). The incretin, glucagon-like peptide-1 
(GLP-1) is secreted by intestinal L-cells and neurons of the solitary tract 
nucleus of brainstem following food intake. It plays an important role in 
glucose homeostasis via stimulation of glucose-dependent insulin secre-
tion. Furthermore, GLP-1 is also associated with protective effects on 
pancreatic β-cells and the cardiovascular system, decreased appetite, 
and increases weight loss, making GLP-1 and derivatives a rational 
treatment for type-2 diabetes and obesity14). The pathogenetic implica-
tion of these hormones and neurotransmitters on the energy balance 
among individuals with NAFL needs more research, particularly among 
a population not previously investigated. NAFL is the hepatic manifes-
tation of metabolic syndrome that is not due to alcohol abuse. NAFL 
disease is a spectrum of histologically defined liver disorders. The dis-
ease can progress from benign hepatic macro-vesicular lipid accumula-
tion (steatosis), the form that we are targeting, to nonalcoholic steato-
hepatitis (NASH) to outright fibrosis, cirrhosis, and even hepatocellular 
carcinoma15). 

Because of the overlapping roles of our targeted hormones (both 
individually and as a group) and the known pathogenic factors implicat-
ed in NAFL, we hypothesized that changes in the homeostasis of these 
hormones are early events in causation and/or severity in early stages of 
NAFL. Immunoassays were used to correlate changes in ghrelin, leptin, 
insulin and GLP-1 with BMI in overweight and obese, otherwise 
healthy, early asymptomatic NAFL participants as compared to normal 
BMI healthy lean individuals. 

PARTICIPANTS  AND  METHODS

Participants and Setting: The present cross-sectional study consecu-
tively enrolled 180 adult consented Saudi volunteering participants. 
Volunteering participants were randomly selected by simple sequentially 
inclusion from Aljouf community members, Sakaka, Saudi Arabia, 
undergoing a routine health checkup at Amas Poly-Clinic Center, 
Sakaka, Aljouf, Saudi Arabia, in the period from January 1 to June 1, 
2019. They comprised age- and gender-matching Healthy Lean Control 
Group A (n = 40 and BMI = 18.5 --- 25), otherwise healthy asymptomat-
ic overweight NAFL Group B (n = 64 and BMI = 25.1 --- 30), and, oth-
erwise healthy asymptomatic obese NAFL Group C (n = 76 and BMI > 
30 - < 40). The male/female ratio was 1: 1. Their age ranged from 24 --- 
50 years (37.0 ± 7.85) without statistically significant differences 
among groups or within each group (male/female). Fatty liver partici-
pants with increased liver size or increased liver function biomarkers 
were excluded. Known alcoholics (of any amount), morbid obese, dia-
betic, and those with fatty liver disease due to drug exposure and abuse 
(amiodarone, methotrexate, tamoxifen, glucocorticoids, valproate, 
anti-retroviral agents for HIV), Wilson disease, lipodystrophy, abetali-
poproteinemia, Reye syndrome, HELLP syndrome, inborn errors of 
metabolism (LCAT deficiency, cholesterol ester storage disease, 
Wolman disease), pregnancy (acute fatty liver of pregnancy), viral hepa-
titis, autoimmune hepatitis, primary biliary cirrhosis, thyroid disease 
and hemochromatosis, hypertensive and those on parenteral nutrition, 
dieting regimens or starvation were excluded. Participants having signs 
or symptoms of cirrhosis or at high risk for advanced fibrosis or cirrho-
sis were excluded. Participants were free of other chronic metabolic, 
autoimmune, endocrine and renal diseases. Following the tenets of the 
Declaration of Helsinki, each participant signed a written bioethical 
informed consent before participation and their data were anonymously 
recorded and secured. The proposal of the study was approved by Jouf 
University Permanent Bioethical Committee (Approval # 9-15-9/40). 

NAFLD Assessment and BMI measurement: The body mass index 
(BMI) was calculated as body weight in kg / body height in m2. 
According to the International Scanning Guidance and Protocol, NAFL 

was transabdominally ultrasonographically characterized by an indepen-
dent consultant radiologist. Only patients with normal liver enzymes 
and normal liver size were included in this study. Along with determin-
ing the liver size (inferred from the mid-hepatic line and the longitudi-
nal plane measurements; right lobe span is 9-13), increased parenchy-
mal real-time ultrasonographic echogenicity - from supine, right anteri-
or, sagittal, transverse, coronal, and subcostal oblique views, was used 
for diagnosing NAFL in our ≥ 10-hour overnight fasting participants. 
With our exclusion criteria, ultrasonography showing a hyperechoic tex-
ture or a bright liver because of diffuse fatty infiltration would be suffi-
cient for diagnosis of NAFL16). 

Routine liver function profile; measured as serum AST, ALT, AST/
ALT ratio, LDH, alkaline phosphatase, γ-glutamyl transpeptidase, indi-
rect, direct, and total bilirubin, glucose, prothrombin time, and, albumin 
and globulin and their ratio, was within the normal reference range - 
although ALT was nonsignificantly higher in obese participants. Lipid 
profile; measured as total serum cholesterol, triglyceride, LDL-C, 
HDL-C and VLDL-C, was within the normal reference range for all par-
ticipants. Hepatic steatosis index (HSI) calculated as 8 x ALT/AST + 
BMI (+ 2, if female; + 2, if diabetic); giving a score between 30 and 36, 
was used to substantiate the ultrasonographic findings17).

Biochemical Assessment of Hormones: Fasting peripheral blood sam-
ples of 2.5 mL were collected on EDTA from each participant, and, plas-
ma was recovered, and aliquot stored at -70℃ until used. Quantitative 
specific ELISA kits for human insulin, leptin, total ghrelin and GLP-1 
were used to measure these biomarkers as instructed (Cat.# KAQ1251, 
KAC2281, BMS2192 and BMS2194; Invitrogen Corporation/eBiosci-
ence, Camarillo, CA, USA). 

Statistical analysis: Statistical analysis was conducted using SPSS 
version 20.0 (IBM). Continuous variables were expressed as mean ± 
standard deviation (SD). Normal distribution of variables was checked 
by Kolmogorov-Smirnov test. Variables with normal distribution were 
compared with analysis of variance (ANOVA) test. Variables with 
asymmetric distribution were analyzed by Kruskal-Wallis and Mann-
Whitney U tests. Correlation between variables was assessed by 2-tailed 
Pearson correlation coefficient test. P value of ≥ 0.05 was considered 
statistically significant. 

RESULTS

The present study investigated 180 apparently healthy Saudi volun-
teers with a variable range of BMI. Table 1 summarizes the distribution 
of the means of the biochemical measurements among the three studied 
groups; healthy controls with normal BMI, and, overweight asymptom-
atic NAFL participants and obese NAFL participants. Plasma ghrelin as 
a dependent variable was highest in the lean controls followed by the 
obese NAFL individuals and was lowest in overweight asymptomatic 
NAFL participants with mean values of 74.474 ± 10.238, 63.280 ± 
22.148 and 41.708 ± 38.646 ng/mL, respectively. The multiple compari-
son (using Tukey's HSD as a Post Hoc test) of the three groups showing 
a global statistical significance difference amongst them - pointing to 
the strong association of BMI and ghrelin (F = 4.885, and, p = 0.009). 
Controls were non-significantly different from obese NAFL participants 
(p = 0.563), while, overweight NAFL individuals were significantly dif-
ferent compared to controls and almost significantly different from 
obese NAFL participants (p = 0.011 and 0.058, respectively). 

For plasma leptin as a dependent variable, controls were the highest 
followed by overweight asymptomatic NAFL participants then obese 
NAFL individuals with mean values of 9.323 ± 8.362, 5.074 ± 7.571 
and 3.153 ± 6.328 pg/mL, respectively. Multiple comparison of the 
three groups, showed a global significant difference amongst them that 
strongly correlates plasma leptin significantly to BMI (F = 9.550 and p 
< 0.001). However, the two NAFL groups were non-significantly differ-
ent (p < 0.262) in their plasma leptin levels, but each of them was sig-
nificant lower vs. controls (p < 0.011 and < 0.001, respectively). 

For plasma insulin as a dependent variable, it was highest in the 
obese asymptomatic NAFL participants followed by the overweight 
NAFL subjects then lean controls with mean values of 27.256 ± 16.724, 
27.222 ± 31.866, and 15.662 ± 7.458 μIU/mL, respectively. Multiple 
comparison of the three groups, there was a global significant difference 
amongst them indicating moderate increases in plasma insulin with 
increases in BMI (F = 4.211 and p < 0.016). These values revealed sig-
nificant difference comparing controls to each of the two NAFL groups 
(p < 0.029 and < 0.023, respectively) but a non-significant difference 
amongst the two NAFL groups (p < 1.00). 

Plasma GLP-1 levels, as a dependent variable, was highest in the 
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controls (25.877 ± 22.747 pg/mL) followed by overweight asymptomat-
ic NAFL participants (16.634 ± 19.990 pg/mL) and then obese NAFL 
subjects (9.34 ± 15.01 pg/mL). The multiple comparison of the three 
groups showed a global statistical significance difference amongst them; 
confirming a moderate association between GLP-1 and BMI (F = and 
8.170 and p < 0.016). The two NAFL groups were non-significantly dif-
ferent (p = 0.159), while, the difference was almost significant compar-
ing controls vs. overweight NAFL participants (p = 0.051) and was 
highly significant different comparing controls vs. obese NAFL subjects 
(p < 0.001), where GLP-1 level was more than halved.

In Table 2, the correlation was analyzed to determine the relation-

ship between the biomarkers within each group. Most correlations were 
positive but non-significant. In the healthy controls, only GLP-1 and 
leptin correlated significantly positively (r = 0.794 and p < 0.001). 
Among the overweight NAFL subjects, there were two significant posi-
tive correlations between ghrelin and insulin (r = 0.713 and p < 0.001) 
and between GLP-1 and leptin (r = 0.987 and p < 0.001). Among the 
obese NAFL participant, there was one significant positive correlations 
between GLP-1 and leptin (r = 0.991 and p < 0.001), as depicted in 
Figure 1.

Table 1: The levels of the investigated plasma hormones among 
healthy lean control compared to each of other-
wise-healthy overweight and obese non-alcoholic fatty 
liver (NAFL) participants. 

Biomarker Healthy lean  Overweight  Obese 
 controls NAFL NAFL
 (n = 40) (n = 64) (n = 76)

Ghrelin, ng/mL   74.474 ± 10.238 41.708 ± 38.646*** 63.280 ± 22.148$$$

Leptin, pg/mL 9.323 ± 8.362 5.074 ± 7.571* 3.153 ± 6.328***

Insulin, μIU/mL   15.662 ± 7.458 27.222 ± 31.866* 27.256 ± 16.724*

GLP-1, pg/mL  25.877 ± 22.747 16.634 ± 19.990* 10.554 ± 16.961***

Data shown are mean ± SD and p values. * = p value vs. controls, and, $ = p value compar-

ing the two NAFL groups. * or $ < 0.05, ** or $$ < 0.01 and *** or $$$ < 0.001. GLP-1 = 

Glucagon-like peptide-1.

Table 2: Correlations among the investigated plasma bio-
markers in the studied healthy controls and oth-
erwise-healthy NAFL subjects stratified for their 
BMI.

 Healthy lean  Overweight  Obese 
Biomarkers controls NAFLD NAFLD
 (n = 40) (n = 64) (n = 76)

 r p r p r p

Ghrelin/Leptin   -0.183 0.258 -0.145 0.253 -0.61 0.600

Ghrelin/Insulin   -0.147 0.364 0.713 0.001 -0.034 0.769

Ghrelin/GLP-1   -0.220 0.211 -0.103 0.417 0.035 0.764

GLP-1/Insulin 0.185 0.252 0.007 0.955 0.090 0.440

Leptin/Insulin   -0.043 0.794 -0.073 0.567 0.059 0.610

GLP-1/Leptin 0.794 0.001 0.987 0.001 0.991 0.001

Data shown are r and p values. 

Figure 1. Correlations among the studied parameters. The strong significant positive correlations between plasma leptin and GLP-1 
levels in the three studied groups (A, B and D) and between ghrelin and insulin levels among overweight NAFL participants 
(C). Data shown are r values.



Elasbali A. M. et al.10

DISCUSSION 

The burden of obesity differs according to the lifestyle, environ-
mental, socioeconomic and genetic risk factors. The present study eval-
uated the role of changes in plasma levels of ghrelin, leptin, GLP-1 and 
insulin as potential early obesity-comorbid pathogenetic players in 
asymptomatic NAFL. Ghrelin is an orexigenic peptide secreted from 
fundus ghrelinergic cells of the empty stomach and other tissues, nota-
bly the epsilon cells of pancreatic islets and brain. It instigates opposing 
effect on appetite to that of leptin through respective specific receptor 
on the same brain cells18,19). It regulates glucose and lipid metabolism 
and inhibit inflammation20). Evidence from clinical studies suggested 
that serum ghrelin correlated negatively with BMI, waist circumference, 
insulin resistance, and metabolic syndrome, which indicated that ghrelin 
could be pathogenetic in T2DM21). The results of the current study show 
that ghrelin level has a significant inverse relationship with the increas-
es in BMI among asymptomatic NAFL subjects. However, the decrease 
with increases in BMI was lessened upon the establishment of obesity. 
Reportedly, decreased levels of ghrelin among obese persons may be 
multifactorial in relation to defects in ghrelin secretion such as ghrelin 
gene polymorphism22,23). The pathophysiology behind these changes 
needs further dissection through longitudinal studies that recognize 
ghrelin's pre- vs. post-prandial and diurnal changes and gene polymor-
phism24). One meta-analysis revealed that Leu72Met polymorphism of 
ghrelin gene may be protective against obesity, insulin resistance, meta-
bolic syndrome, and T2DM in Caucasians, while it was predisposing to 
these diseases in Asians25). Ghrelin is a hepatocyte cytoprotective, and, it 
restores the circadian rhythm of clock genes blocked by steatosis; 
through activation of mTOR signaling26-28). Increased blood ghrelin cor-
related improved insulin sensitivity, decreased plasma and hepatic tri-
glyceride levels, and increased browning of white adipose, after esopha-
gus-duodenum gastric bypass29). However, there are discrepancy in such 
health benefits, particularly considering acylated vs. unacylated forms 
of ghrelin (were not differentially measured in this study) in experimen-
tal vs. human studies27,30-32). 

In the current study, plasma leptin level was significantly decreased 
with progression towards obesity in our asymptomatic NAFL subjects. 
These findings are in line with the role of leptin as a negative regulator 
of food intake and energy balance to decrease energy storage33). 
Therefore, leptin deficiency and/or resistance cause altered energy 
homeostasis and eventually obesity34,35). Although leptin level was fur-
ther decreased comparing obese vs. overweight asymptomatic NAFL 
disease patients with its mean almost halved, the big inter-individual 
variations among our participants caused the difference to be statistical-
ly insignificant. This could indicate some sort of leptin resistance tend-
ing to develop with increases in BMI at least in some NAFL individuals. 

Contrary to the leptin and ghrelin trends, plasma insulin was found 
to increase significantly with increases in BMI for our asymptomatic 
NAFL participants. The hypoglycemic action of insulin is achieved by 
increases in glucose uptake by insulin sensitive tissues (muscles, adipo-
cytes and endothelium) and decreases in glucose production by glucone-
ogenic organs - particularly liver and kidney. Insulin resistance ensues 
upon failure of such control despite a high insulin secretion9). Failure of 
adipose tissue to buffer plasma non-esterified fatty acids and triacyl-
glycerol aggravates insulin resistance through energy overload lipo-tox-
icity36). High leptin levels associated with the disease severity and BMI 
in NAFL disease patients compared to simple steatosis and healthy con-
trols37).

GLP-1 blood level is more than halved in patients with NAFL dis-
ease38). GLP-1 is hepato-protective and reduces de novo triglyceride syn-
thesis, hepatic and systemic inflammation, insulin resistance, and reac-
tive oxygen species towards  so as to ameliorate NAFL disease39,40). 
Glucose-induced GLP-1 secretion was significantly decreased in NAFL 
disease patients correlating with insulin resistant and a higher fasting 
and glucose-induced insulin secretion, i.e., hyperinsulinemia41). 
Moreover, NAFL disease patients are responsive to exogenous GLP-1 
with a further increase in its insulinotropic effects42). Our results showed 
highly reverse significant differences in the levels of GLP-1 with 
increases in BMI. These findings are in line with previous data in this 
context, as GLP-1, produced in the intestine and hindbrain is known for 
its gluco-regulatory and appetite suppressing effects24). GLP-1 and sero-
tonin (emotional effect) play critical roles in energy balance regulation. 
Both systems are exploited clinically as anti-obesity strategies. 
Surprisingly, whether they synergize in order to regulate energy balance 
is poorly understood43). A recent report suggested that brain-derived 
serotonin (5-HT) is critical for maintaining weight loss induced by 
GLP-1 receptor activation in rats and that 5-HT2A receptors mediate the 

feeding suppression and weight loss induced by GLP-1 receptor activa-
tion44). Adiposity is not only connected to NAFL disease through such 
hormonal disturbances, but rather, it is a pathogenetically multifactorial 
disease; including gut microbiome dysbiogenesis, endotoxins, immuno-
modulation and endogenous alcohol production45). This may suggest that 
the disease indeed is not very nonalcoholic!

Limitations we faced include the small size of the study sample due 
to the stringent exclusion criteria we implemented. Although histopatho-
logical analysis of a liver biopsy specimen is still the gold standard for 
the diagnosis and staging of fibrosis/inflammation, due to its known rel-
evance limitations and complications we did not utilize. The other alter-
natives, magnetic resonance spectroscopy and 2D-SWE ultrasound elas-
tography, were not available for our use. With criteria used for charac-
terizing our participants, still those with low degree of steatosis could 
have been missed - despite excluding morbid obese. Although we 
excluded participants with diabetes or prediabetes, we did not correlate 
our finding with insulin resistance. 

CONCLUSIONS

Plasma ghrelin level significantly decreased among overweight 
asymptomatic NAFL participants, but a rebound happened upon obesity 
in asymptomatic NAFL participants with normal liver enzymes and 
size. Plasma leptin level sharply and progressively decreased among 
overweight and obese asymptomatic NAFL participants. Plasma insulin 
level steadily increased with increases in BMI among our asymptomatic 
NAFL participants. GLP-1 had the highest significant reverse associa-
tion with increases in BMI among our asymptomatic NAFL subjects. 
Strong significant positive correlations were evident between plasma 
leptin and GLP-1 levels in the three studied groups and between ghrelin 
and insulin levels among overweight NAFL individuals. 
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