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Abstract. This study explored the link between insulin 
sensitivity, insulin resistance and leptinaemia in people with 
prediabetes with and without non‑alcoholic fatty liver disease 
(NAFLD). A total of 143 prediabetes patients were evaluated in 
the study. Ultrasonography was used for diagnosis of NAFLD, 
and fasting insulin, postprandial insulin, leptin levels, common 
clinical/biochemical determinations were determined. In total, 
69 (48.25%) of the patients were diagnosed with NAFLD and 
74 (51.75%) without NAFLD. Leptin values correlated statisti‑
cally with fasting insulin in prediabetes patients, while in the 
patients that were also diagnosed with NAFLD the correla‑
tion was stronger. Values of log‑leptin <1 ng/ml were found 
in 64% of patients with prediabetes without NAFLD, and in 
2% of patients with prediabetes and NAFLD. In the context 
of the association between serum leptin levels and a worse 
biochemical profile in prediabetes patients on one hand, and 
fatty liver disease and a worse biochemical profile in predia‑
betes patients on the other, leptin can be considered a possible 
candidate molecule that mediates the biochemical alterations 
identified in these patients.

Introduction

Non‑alcoholic fatty liver disease (NAFLD) represents an 
accumulation of fatty acids in the liver usually diagnosed in 
patents with obesity because of altered insulin singling and 

releasing of free fatty acids from the adipose tissue (1). Obesity 
is the factor that determines the initiation of insulin‑resistance, 
a precursor of prediabetes and also type 2 diabetes mellitus 
(T2DM) (2). Because NAFLD and prediabetes share the same 
substrate, insulin‑resistance, their association is frequently 
encountered in clinical practice (3,4).

Leptin is a cytokine produced by the adipocytes. Its main 
role is to regulate the energy balance and body weight by acting 
on the hypothalamus (5). Although it should reduce appetite 
in obese and overweight patients (susceptible to prediabetes 
and T2DM development), the serum levels of leptin are higher 
than in normal‑weight individuals  (6). Hyperleptinemia is 
considered a consequence of leptin resistance in the central or 
peripheral nervous system. Leptin interactions are relevant in 
the glucose metabolism alterations, considering the important 
relationships of leptin and insulin (5,7).

The purpose of this study was to analyze the interactions 
between leptin and insulin resistance in prediabetes patients, in 
the presence or absence of NAFLD. The association of NAFLD, 
leptin, prediabetes has rarely been explored in literature.

Patients and methods

The study was performed in the Clinical County Emergency 
Hospital of Oradea (Oradea, Romania). A total of 143 predia‑
betes patients, aged 18‑75  years were evaluated in the 
study, between February  1, 2018‑February  1, 2020. The 
criteria for prediabetes diagnosis was a HbA1c level of 
5.7 to 6.4% (according to the guideline of American Diabetes 
Association  (7) that established the reference values for 
prediabetes diagnosis). Patients' exclusion criteria were as 
follows: with DM, under treatment with steroid drugs (known 
to increase glycaemia), suffering from alcoholism, with liver 
cirrhosis, etc. In total, 614 subjects were evaluated in the 
above specified circumstances for DM suspicion (263 being 
diagnosed); 187 patients without diabetes/prediabetes were 
excluded based on HbA1c <5.7%; 164  patients remained 
potential candidates for this study (HbA1c between 5.7‑6.4%). 
21 more patients were excluded after applying the above 
exclusion criteria. Thus, the 143 individuals who remained 
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in the study were evaluated by performing clinical exam and 
the basic biochemical determination. Additionally, serum 
insulin and leptin were determined in a private laboratory (SC 
Biostandard 2007 Srl, Oradea, Romania). NAFLD diagnosis 
was based on the presence of increased liver echogenicity, in 
the absence of alcohol intake. The diagnosis of NAFLD was 
made in the radiology department of the hospital with the help 
of 3.5 MHz linear transducer. Among the total patients with 
prediabetes, 74 patients (51.75%) were without NAFLD, and 
69 patients (48.25%) with NAFLD, based on the ultrasonog‑
raphy. Insulin was determined by the immunochemical method 
with electrochemiluminescence detection (ECLIA); leptin 
was determined by ELISA method. HOMA‑IR, HOMA%B 
and HOMA%S were determined using the values of fasting 
glucose (G0), fasting insulin (INS0), post‑prandial glucose 
(G120) and post‑prandial insulin (INS120). Leptin values were 
expressed as the logarithm ‘log‑leptin’, since leptin is a vari‑
able with highly skewed distribution.

Our study was conducted according to the WMA 
Declaration of Helsinki, Ethical Principles for Medical 
Research Involving Human Subjects; it was also approved 
by the Ethics Committee of the Clinical County Emergency 
Hospital of Oradea (Oradea, Romania). All the patients 
included in the study signed an informed consent.

SPSS v. 17 software (SPSS, Inc.) was used for statistical 
analysis. Anova test and the Mann‑Whitney test were applied 
for the numerical variables, to obtain the P‑value (P<0.05 was 
considered to indicate a statistically significant difference); 
moreover, Chi-square test for proportions was used for the 
qualitative variables.

Results

Compared with patients with prediabetes but without 
NAFLD, patients with prediabetes and NAFLD had 
values that were statistically significant to a higher 
degree for: systolic blood pressure (SBP) (131.45±33.02 
vs. 112.74±14.50 mmHg, P<0.01), diastolic blood pressure 
(DBP) (88.97±23.62 vs. 75.74±17.58 mmHg, P<0.01), waist 
circumference (93.30±7.23 vs.  88.27±8.38  cm, P<0.01), 
triglycerides (TG) (209.73±137.18 vs. 153.38±80.44 mg/dl, 

P<0.02), glutamic‑pyruvic transaminase (GPT) (38.80±18.43 
vs. 31.63±13.10 IU/l, P=0.02), γ‑glutamyl transferase (GGT) 
(33.57±12.76 vs. 26.85±13.44 IU/l, P=0.01), glutamic oxalo‑
acetic transaminase (GOT) (35.69±22 vs. 26±8.91), insulin 
resistance (4.49±1.93 vs. 3.52±0.93, P<0.01), log‑transformed 
leptin (1.28±0.18 vs. 0.86±0.40, P<0.01), and values that were 
statistically significant to a lower degree for HDL‑C (34.35±7.61 
vs. 38.49±7.58 mg/dl, P<0.01), β‑cell function (109.84±34.04 
vs. 130.14±34.86, P<0.01) and insulin sensitivity (45.65±14.20 
vs. 58.90±21.55, P<0.01). There was no statistically significant 
difference concerning prediabetes categories in the groups 
with or without NAFLD. Impaired glucose tolerance was 
identified in 21.42% of patients with NAFLD and in 20% of 
patients without NAFLD; impaired fasting glucose was iden‑
tified in 40.47% of patients with NAFLD and in 47.27% of 
patients without NAFLD; the association between impaired 
glucose tolerance and impaired fasting glucose was found 
in 38.09% of patients with NAFLD and in 32.2% of patients 
without NAFLD.

A possible association was also tested between the leptin 
values and the fasting insulin (µIU/ml) values, respectively, 
between the leptin and the postprandial insulin (µIU/ml) 
values for the entire sample, respectively, only for the patients 
with NAFLD. A linear regression model was applied, consid‑
ering the leptin values as predictors; a positive association 
resulted in all cases, being significant only in the case of leptin 
and fasting insulin (r=0.35, =0.12, p=0.0004 <0.05) asso‑
ciation. Interestingly, when the same hypothesis was tested 
on the NAFLD patients, a better association between leptin 
and fasting insulin (r=0.41, =0.17, p=0.006) was obtained. 
So, it can be stated that the leptin values can be linked to the 
fasting insulin values. Table I shows that a greater proportion 
of patients with NAFLD are distributed in the higher intervals 
of log‑leptin values than in the patients without NAFLD. A 
value of log‑leptin <1 ng/ml was found in 64% of patients 
with prediabetes without NAFLD, and in 2% of patients with 
prediabetes and NAFLD. Also, risk analysis was performed 
to see if the presence of NAFLD increases the chances of 
deterioration of medical tests/results as blood pressure or 
HOMA‑IR, HOMA%B and HOMA%S. If this link would be 
proven, it would indicate whether a patient with NAFLD has a 

Table I. Frequency of log‑leptin value distribution in non-NAFLD/NAFLD patients.a

	 Log‑leptin (ng/ml)	 Count	 Cumulative count	 %	 Cumulative %
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑-‑‑‑‑‑‑
nNFDL	 NFDL	 nNFDL	 NFDL	 nNFDL	 NFDL	 nNFDL	 NFDL	 nNFDL	 NFDL

0.2‑0.4		  9.00		  9.00		  0.12		  0.12	
0.4‑0.6		  11.00		  20.00		  0.15		  0.27	
0.6‑0.8	 0.6‑0.8	 15.00	 4.00	 35.00	 4.00	 0.20	 0.06	 0.47	 0.06

0.8‑1	    1‑1.2	 8.00	 19.00	 43.00	 23.00	 0.11	 0.28	 0.58	 0.34

1‑1.2	 1.2‑1.4	 7.00	 26.00	 50.00	 49.00	 0.10	 0.38	 0.68	 0.72

1.2‑1.4	 1.4‑1.6	 9.00	 14.00	 59.00	 63.00	 0.12	 0.20	 0.80	 0.92

1.4‑1.6	 1.6‑1.8	 9.00	 6.00	 68.00	 69.00	 0.12	 0.08	 0.92	 1.00

1.6‑1.8		  6.00		  74.00		  0.08		  0.06	

anNFDL, non NAFLD patients (n=74); NAFLD patients (n=69). NAFLD, non‑alcoholic fatty liver disease.
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higher chance of developing the disease than the other predia‑
betic patients. After applying the risk analysis and calculating 
the odds ratio parameter, a major statistically significant risk 
factor was obtained in all 5  tested scenarios (OR>1, 95% 
OR>1, P<0.05). The P‑values from the chi square test were 
calculated in the EPI Info program using the Fischer exact 
formula. For the HOMA‑IR, HOMA%B and the HOMA%S 
values we considered the integer mean value of our sample as 
cut off point. The detailed data are presented in Table II.

Discussion

Leptin is a relevant adipokine involved in the regulation of 
food intake (8), manifesting physiological action of inhibiting 
food intake by acting on certain brain receptors (9). Although 
its levels in obese individuals should reduce their appetite, 
most studies report that in reality leptin levels are higher 
in these individuals than in the lean individuals and do not 
manage reducing their food intake. In this investigation, a 
statistically significant correlation was found in univariate 
analysis between increased body‑mass index and higher 
leptin levels, thereby confirming the associations reported in 
literature. Leptin could be the factor that promotes hepatic 
steatosis and fibrosis by up‑regulation TNF‑β in the liver (10), 
acting as profibrotic cytokine; also, it could be the mediator 
(or at least one of the mediators) that explains the association 
between obesity and the occurrence of NAFLD. Another 

association found in patients with prediabetes was the statisti‑
cally significant (P<0.01) correlation between serum leptin 
and insulin resistance, fact reported in previous studies (11). 
Leptin increases the sensitivity of cells to insulin (11), this 
being proof that in patients with prediabetes there is resistance 
to leptin action leading to increased insulin levels. The blood 
concentration of insulin and leptin in obese patients is high, 
being demonstrated experimentally that insulin stimulates the 
production and the secretion of leptin by the adipose cells (12). 
On the contrary, high insulin levels impair the physiological 
hypothalamic response to leptin for reducing appetite; weight 
loss helps to improve this response (13). Thus, overweight and 
obesity themselves generate weight accumulation leading to a 
vicious cycle.

In this study, high levels of leptin were associated with 
decreased insulin sensitivity in prediabetes patients. Under 
certain physiological conditions, leptin increases insulin 
sensitivity (14), thereby confirming the existence of an altered 
mechanism of action of this molecule in patients with predia‑
betes, obesity or overweight. Such associations have been 
reported in earlier studies, leading to high level of leptin to be 
considered a predictor of T2DM development (11), contrary 
to all the physiological roles that leptin fulfils in normal 
weight normoglycemic patients. There are many explana‑
tions why leptin resistance occurs, such as mutations of the 
leptin receptors, mutation of neurons in the hypothalamus 
that respond to leptin, and altered leptin signaling pathways 

Table II. Risk analysis.

Exposure+/‑	 Disease presence	 Disease absence
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Scenarios	 SBP130 mm Hg	 SBP ≤130 mm Hg	 Patients	 Statistics

Scenario 1
  NAFLD+	 21	   48	   69	 P=0.000025
  NAFLD‑	   3	   71	   74	 OR=10.35
  Total	 24	 119	 143	 OR∈ (2.93; 36.65)
Scenario 2	 DBP >80 mm Hg	 DBP ≤80 mm Hg	 ‑	 ‑
  NAFLD+	 23	   46	   69	 P=0.00028
  NAFLD‑	   6	   68	   74	 OR=5.66
  Total	 29	 114	 143	 OR∈ (2.14; 14.99)
Scenario 3	 HOMA‑IR >4	 HOMA‑IR ≤4	 ‑	 ‑
  NAFLD+	 31	   38	   69	 P=0.00009
  NAFLD‑	 11	   63	   74	 OR=4.67
  Total	 42	 101	 143	 OR∈ (2.10; 10.36)
Scenario 4	 HOMA%B <122	 HOMA%B ≥122	 ‑	 ‑
  NAFLD+	 44	   25	   69	 P=0.0043
  NAFLD‑	 29	   45	   74	 OR=2.73
  Total	 73	   70	 143	 OR∈ (1.39; 5.38)
Scenario 5	 HOMA%S >53	 HOMA%S ≤53	 ‑	 ‑
  NAFLD+	 40	   29	   69	 P≤0.001
  NAFLD‑	 12	   62	   74	 OR=7.13
  Total	 52	   91	 143	 OR∈ (3.26; 15.59)

NAFLD, non‑alcoholic fatty liver disease; DBP, diastolic blood pressure; OR, odds ratio.
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but the most interesting mechanism is the altered transport of 
leptin through the blood‑brain barrier (11). It seems that high 
levels of triglycerides inhibit this leptin transport  (15) and 
that these high levels of triglycerides are specific to patients 
with NAFLD. Patients with NAFLD and prediabetes had 
triglyceride values that were higher to a statistically significant 
degree than prediabetes patients without NAFLD. There could 
be the following pathogenic links: Obesity promotes insulin 
resistance; high levels of insulin increase leptin levels; leptin 
cannot lead to decreased insulin levels and decreased appe‑
tite because of leptin resistance in the nervous system and in 
the adipose tissue; and high levels of leptin promote hepatic 
steatosis which in turn increases insulin resistance. Therefore, 
insulin and leptin play an important role in the development 
of prediabetes and NAFLD. Once NAFLD has appeared, high 
levels of triglycerides and increased hepatic insulin resistance 
aggravate the leptin abnormalities.

The risk analysis performed in this study confirmed 
that the presence of NAFLD implies major changes in 
the behavior of prediabetes patients in a negative way. By 
evaluating the differences between prediabetes patients 
with/without NAFLD, our results revealed that there are 
many significant alterations of the metabolic parameters. 
Thus, patients with prediabetes and NAFLD are exposed to a 
significantly higher cardiovascular risk and meet the criteria 
for metabolic syndrome. The patients that already have predi‑
abetes and NAFLD present a significant risk of progression 
toward T2DM compared with patients without NAFLD, with 
12.5% incidence of T2DM, after 10 years, in the presence 
of NAFLD and 2.5% incidence of T2DM in the absence of 
NAFLD (13). NAFLD increases cardiovascular risk and the 
risk of other comorbidities, chronic kidney disease (16) and 
dementia (which are chronic pro‑inflammatory diseases as 
inferred by the increase in interlekin‑6, fibrinogen, C‑reactive 
protein, tissue plasminogen activators, and thus contribute 
to the atherogenesis process) (17). In the present study, one 
association of prediabetes patients is between NAFLD and 
the values of SBP and DBP, the same correlation being 
reported in previous studies (18). In patients with NAFLD, 
high concentrations of leptin have been observed together 
with diminished levels of adiponectin (19). Also, the degree 
of severity of NAFLD correlated with the levels of serum 
leptin (20). These consequences (dyslipidaemia, insulin resis‑
tance, chronic low‑grade inflammation and NAFLD) have 
been investigated for favorable effects of a variety of natural 
phytochemicals or other antidiabetic drugs (4,21). Finally, it 
has been demonstrated that leptin promotes the proliferation 
of hepatocellular carcinoma cells, a serious complication of 
NAFLD, while adiponectin administration suppresses this 
proliferation (22,23).

The prevalence of NAFLD in patients with prediabetes 
was 48.25%. The two conditions influence each other: NAFLD 
promotes insulin resistance and prediabetes, while prediabetes 
and insulin resistance promote lipid accumulation and fibrosis 
of the liver, the linking molecules between the two conditions 
being leptin. In the context of increased BMI, both insulin 
and leptin have high values, contrary to the expected normal 
mechanism of downregulation of insulin levels by circulating 
leptin. These results indicate a clear direction for further 
exploration with relevant possible confirmations whether 

leptin resistance is necessary in the development of T2DM, 
respectively NAFLD. Moreover, the existence of NAFLD 
in the prediabetes patients favors the development of other 
secondary diseases.
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