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The association of leptin with severity of non-alcoholic
fatty liver disease: A population-based study
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Background/Aims: Leptin is associated with metabolic disorders, which predispose one to non-alcoholic fatty liver
disease (NAFLD). The role of leptin in NAFLD pathogenesis is not fully understood. We aim to investigate the association
between serum leptin level and severity of NAFLD using U.S. nationally representative data.

Methods: Data were obtained from the United States Third National Health and Nutrition Examination Survey. NAFLD
was defined by ultrasound detection and severity of hepatic steatosis in the absence of other liver diseases. The severity
of hepatic fibrosis was determined by NAFLD fibrosis score (NFS). We used multivariate survey-weighted generalized
logistic regression to evaluate the association between leptin level and the degree of NAFLD. We also performed
subgroup analyses by body mass index (lean vs. classic NAFLD).

Results: Among 4,571 people, 1,610 (35%) had NAFLD. By ultrasound findings, there were 621 people with mild, 664 with
moderate, and 325 with severe steatosis. There were 885 people with low NFS (<-1.455, no significant fibrosis), 596 with
intermediate NFS, and 129 with high NFS (>0.676, advanced fibrosis). Leptin levels for normal, mild, moderate and severe
steatosis were 10.7+0.3 ng/mL, 12.1£0.7 ng/mL, 15.6+0.8 ng/mL, 16+1.0 ng/mL, respectively (trend P-value<0.001).
Leptin levels for low, intermediate, and high NFS were 11.8+0.5 ng/mL, 15.6+0.8 ng/mL, 28.5+3.5 ng/mL, respectively
(trend P-value<0.001). This association remained significant even after adjusting for known demographic and metabolic
risk factors. In the subgroup analysis, this association was only prominent in classic NAFLD, but not in lean NAFLD.

Conclusions: Serum leptin level is associated with the severity of NAFLD, especially in classic NAFLD patients.
(Clin Mol Hepatol 2018;24:392-401)
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Study Highlights

This study investigated the association of serum leptin level and the degree of non-alcoholic fatty liver disease (NAFLD) based both ultrasound find-
ings and NAFLD fibrosis score. Serum leptin level is significantly associated with the severity of NAFLD, even accounting for potential confounders.
This association is especially prominent among the classic NAFLD patients (body mass index [BMI] >30), which suggest that leptin’s role in NAFLD

pathogenesis may be BMI-dependent.

INTRODUCTION

Leptin, the product of the 0b gene, regulates energy homeosta-
sis, as well as glucose and lipid metabolism." There has been in-
creasing evidence on leptin's role in metabolic disorders, with ele-
vated leptin levels seen in metabolic syndrome, obesity, and
diabetes mellitus.” Leptin is thought to increase insulin resistance
and increased fatty acid production in hepatocytes® as well as re-
sult in increased oxidative stress* and inflammatory and fibrogenic
pathways in the liver.*®

Currently, non-alcoholic fatty liver disease (NAFLD) is emerging
as one of the leading causes of chronic liver disease in the United
States with approximately 20 to 30% of the general population
affected and is considered a liver manifestation of metabolic syn-
drome.”® The prevalence of NAFLD increases to two-thirds in
obese individuals and is present in over 90% of those with class
IIl obesity.” While the majority of NAFLD patients are obese, there
is increasing attention on lean individuals with NAFLD," which
may represent a clinical entity with discrete characteristics and
prognosis. Lean NAFLD patients also tend to have increased rates
of insulin resistance, central obesity, hypertriglyceridemia and hy-
peruricemia when compared to those without fatty liver."" A prior
study has suggested that lean NAFLD may have a worse survival
prognosis than classic NAFLD."

Although a few studies have reported the possible role of leptin
in the pathogenesis of NAFLD, these studies evaluated a small
patient population at a single institution*"* or in animal mod-

%1% and the findings are inconsistent over whether leptin lev-

els
els affect the severity of NAFLD."" To our knowledge, there is no
published United States population-based study that investigates
the association of leptin with NAFLD. Ikejima et al.” investigated
using rat models treated with carbon tetrachloride, and found
that leptin may contribute to the pathogenesis of NAFLD via in-
creased expression of procollagen-1, transforming growth factor
B1, and activation of hepatic stellate cells leading to fibrosis.
However, other studies”" have shown that leptin is associated
only with the degree of steatosis but not with fibrosis. Thus, it
would be important to investigate the association of serum leptin
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levels with demographic and metabolic risk factors as well as
whether it correlates with the degree of NAFLD and if this correla-
tion differs among lean versus classic NAFLD, using nationally
representative data in the United States.

MATERIALS AND METHODS
NHANES

The Third National Health and Nutrition Examination Survey
(NHANES 1) is a population-based cross-sectional survey that in-
cludes the non-institutionalized, civilian population in the United
States conducted from 1988 through 1994. The survey is con-
ducted in 2-year cycles through the National Center for Health
Statistics of the Centers for Disease Control and Prevention. The
survey uses a stratified, multistage probability sampling design
with information generated from household interviews, physical
examinations and biological testing. Further information of survey
design can be found elsewhere.” The Centers for Disease Control
and Prevention’s Institutional Review Board approved the original
survey. All participates gave written informed consent.

Study population

Study participants were included in our analysis if they met the
selection criteria as follows: aged 20 to 74 years old with avail-
able selected clinical and laboratory variables as mentioned in co-
variate section below as well as liver ultrasound data. Those with
other potential causes of liver diseases were excluded from the
study: heavy alcohol consumption (=21 drinks/week in men and
=14 drinks/week in women), viral hepatitis (indicated by a posi-
tive serum hepatitis B surface antigen or serum hepatitis C anti-
body), iron overload (transferrin saturation = 50%), or pregnan-
cy. After the selection process, 4,571 people were included in this
study (Fig. 1).
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Definition of NAFLD

NHANES IIl examination included ultrasonography of the liver
and gallbladder at mobile examination centers as part of the as-
sessment for digestive diseases in adults aged 20 to 74 years. Af-
terwards, these ultrasound images were reviewed for signs of fat-
ty liver.”" A board-certified radiologist that specialized in hepatic
imaging trained three ultrasound reviewers that studied the col-
lected images. Five criteria were used to evaluate for fatty liver:
parenchymal brightness, liver-to-kidney contrast, deep beam at-
tenuation, bright vessel walls, and gallbladder wall definition. An
algorithm with these five criteria was used to generate an overall
assessment of normal compared to mild, moderate or severe he-
patic steatosis.”” NAFLD was defined by ultrasonography detec-
tion of hepatic steatosis in the absence of other known liver dis-
eases and categorized as normal, mild, moderate, or severe. The
severity of hepatic fibrosis was determined by NAFLD fibrosis
score (NFS).?

NFS= -1.675+0.037 X age (years)+0.094<body mass index
(BMI) (kg/m2)+1.13><impaired fasting glycemia or diabetes (yes=1,
no=0)+0.99 X aspartate aminotransferase (AST)/alanine amino-
transferase (ALT)—0.013 X platelet (><109/L)—0.66 < albumin (g/dL)

Two cutoff values were selected to categorize subjects with
NAFLD into three groups: those with high probability (NFS

NHANES Ill-MEC Exam
Age 20-74:n=14,797

>0.676), intermediate probability (NFS 0.676 to -1.455) and low
probability for fibrosis (NFS<-1.455).

To confirm our findings, we also performed analyses to investi-
gate the association between AST to platelet ratio index (APRI)
score” and leptin levels. Two cut-off values were used to catego-
rize NAFLD patients (APRI score <0.7: low APRI, APRI score 0.7-
2.0: intermediate APRI, and APRI score >2.0: high APRI).

Clinical and laboratory data

The NHANES data set provides a large amount of demographic
data, lifestyle and dietary information, and anthropometric as well
as inclusive laboratory measurements.”*** Waist circumference
was measured during a health examination in the Mobile Exami-
nation Center (MEC) and was measured at the highest point of
the iliac crest at minimal respiration. BMI (kg/mz) was categorized
as: normal (<25.0), overweight (25.0-29.9), obese (=30.0). Sys-
tolic blood pressures (SBP) and diastolic blood pressures (DBP)
were measured in the MEC after participants rested for 5 minutes
quietly in a sitting position and after determining maximum infla-
tion level. Hypertension was defined if the systolic blood pressure
was greater or equal to 140 mmHg or diastolic blood pressure
greater or equal to 90 mmHg and/or a self-reported hypertension
diagnosis was present. Diabetes mellitus was defined as those
with a history of diabetes diagnosis and/or treatment with hypo-
glycemic agents, including insulin. Insulin resistance was based on

Exclusions (n=1,720):
Heavy alcohol drinking

A

NHANES llII-MEC Exam
after Exclusion: n=13,077

\ 4

Viral hepatitis (HBV or HCV)
Transferrin saturation > 50%
Pregnancy

Liver ultrasound data missing

A

Liver ultrasound exam
available: n=12,220

\ 4

(n=857)

Missing data (n=7,649):
Serum leptin
BMI/waist circumference

A

Final samples:
n=4,571

AST/ALT
Platelet
Albumin

Figure 1. Selection criteria of the study population from the National Health and Nutrition Examination Survey Il (NHANES Ill) database. MEC, Mobile
Examination Center; HBV, hepatitis B virus; HCV, hepatitis C virus; BMI, body mass index; AST, aspartate aminotransferase; ALT, alanine aminotransferase.
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a score greater than 3.5 in the homeostasis model assessment of
insulin resistance (HOMA-IR, calculated as (serum fasting glucose
X serum insulin)/22.5).%

Metabolic syndrome was characterized using the National Cho-
lesterol Education Program Adult Treatment Panel (NCEP ATP III)
definition.” Serum leptin concentrations were measured using ra-
dioimmunoassay at Linco Research, Inc. (St. Charles, MO, USA).**

Other covariates

Demographic variables analyzed include age (measured as a
continuous variable), sex (male or female), and race (non-Hispanic
whites, non-Hispanic blacks, Hispanics and others). Smoking sta-
tus was divided into the following categories: former, current or
never smoker. Education level was denoted with binary characters
(below college level vs. college or higher). Poverty index was cat-
eqgorized according to the poverty index guidelines® with cut-offs
of 1.3 and 1.85. Alcohol consumption was measured by number
of drinks per week.

Statistical analysis

All data were analyzed using the ‘survey’ package in R soft-
ware, version 3.2.2 (R studio, Boston, MA, USA). Frequencies of
categorical variables and means with standard errors (SE) of con-
tinuous variables were analyzed.” For all analyses, we used pub-
lished weights to account for oversampling and nonparticipation
in the household interview and physical examination to minimize
a potential selection bias. In order to investigate the overall rela-
tionship between leptin and demographic variables, serum leptin
levels were categorized into tertiles: low (<5.9), intermediate
(5.9-14.2), and high (>14.2 pg/L). Then, levels were analyzed by
survey-weighted linear regression analysis, treating the each ter-
tile group as ordinal variables to calculate trend P-values. Next,
we used survey-weighted generalized linear regression to evalu-
ate the association between serum leptin level and the degree of
NAFLD. The degree of NAFLD based on ultrasound findings (nor-
mal, mild, moderate, and severe), NFS score group, and APRI
score group was treated as an ordinal variable to calculate trend
P-values. For subgroup analyses, we classified NAFLD into two
groups by BMI (lean NAFLD: BMI<25 and classic NAFLD: BMI=
25). Trend P-values were obtained both through unadjusted and
adjusted models. The models were adjusted for age, gender and
race in the limited model and further adjusted for hypertension,
diabetes, waist-to-hip ratio, triglyceride (TG) level, high-density li-

http://www.e-cmh.org

Laura Rotundo, et al.
Leptin level by severity of NAFLD

poprotein (HDL) level, and HOMA-IR score in the full model.

RESULTS
Demographics

Among 4,571 people who met our selection criteria and had all
available information, 1,610 people (35%) had NAFLD. Table 1
characterizes patient demographics according to serum leptin lev-
el by tertile. Leptin level was significantly higher in women than in
men, with blacks being more prevalent in the highest leptin ter-
tile. Compared to those individuals in the lowest tertile, those
with higher leptin levels had a lower education level, higher BMI,
larger waist circumference and were less often current smokers
and had fewer alcoholic beverages a week. Those in the highest
tertile were also more likely to have hypertension, diabetes, hy-
perlipidemia, and metabolic syndrome (P-value<0.001). Higher
leptin was also positively associated with HOMA-IR.

Leptin level by degree of NAFLD as categorized by
ultrasound

Table 2 shows the relationship between serum leptin levels and
the degree of NAFLD by ultrasound findings. There were 621 peo-
ple with mild, 664 people with moderate, and 325 people with
severe steatosis on ultrasound (Fig. 2). Leptin had a significant re-
lationship with the degree of non-alcoholic fatty liver disease (for
normal livers vs. mild, moderate and severe steatosis, levels were
10.7+0.3 ng/mL, 12.1+£0.7 ng/mL, 15.6+0.8 ng/mL, 16+1.0 ng/mL,
respectively (trend P-value<0.001). This significant relationship
persisted when adjusting for known demographic factors (limited
model) that included age, gender, and race. However, this signifi-
cance was no longer present after adjustments were made for
metabolic risk factors that included: hypertension, diabetes, dys-
lipidemia, waist to hip ratio, metabolic syndrome, HOMA-IR score
(full model). By further subgroup analysis breakdown according to
BMI group (lean vs classic NAFLD), the association remained sig-
nificant in the full model for the classic NAFLD group only
(14.7+0.5 ng/mL in normal, 16.1«1.1 ng/mL in mild, 17.8+0.8 ng/
mL in moderate, 16.9+1.1 ng/mL in severe steatosis, trend P-val-
ue<0.001).
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Table 1. Characteristics of patients according to serum leptin tertile

Leptin 1st tertile

2nd tertile

3rd tertile

<5.9 5.9-14.2 >14.2 P_T‘::I'L:*
(n=1,523) (n=1,506) (n=1,542)

Age (years) 40.0+04 441404 46.1+0.3 <0.01
Gender (male %) 78.3+19 40.3+1.8 10.6+1.3 <0.001
Race (%) <0.01

Non-Hispanic whites 781£2.0 77721 722417

Non-Hispanic blacks 87+0.8 8.8+0.8 149411

Hispanics 4.8+0.6 5.0+0.5 5.7%0.7

Others 8.5+0.2 8.5+£0.2 72412
Education <0.05 (0.016)

Below college level 51.241.51 53.4+1.67 61.0+24

> College level 48.841.51 46.6+1.67 39.0+24
Poverty index’ 0.23

<13 16.3+£2.0 153419 18.241.5

1.3-1.85 9.1+11 11.541.1 11,7411

>1.85 74.6£2.5 732423 70.1+2.1
Smoking status (%) <0.001

Never 39.8+2.1 464+2.0 55.1£19

Current 35.1+1.6 23.1+1.8 189+14

Former 251415 30.5+1.6 26.0+1.8
Alcohol consumption (drinks/week) 3.1£0.1 2.5+0.1 26+0.2 <0.01
BMI (kg/m?’) 24.0+0.1 26.0+0.2 313403 <0.001
Waist circumference (cm) 86.6+0.6 90.7+£0.6 100.5+0.6 <0.001
Waist to hip ratio 0.91+0.004 0.90+0.003 0.90£0.004 0.53
Hypertension (%) 144411 22.6+15 309+2.1 <0.001
Diabetes (%) 2.8+0.5 4.5+0.7 56+09 <0.001
HOMA-IR 1.8+0.1 29+0.2 39+0.2 <0.001
HbATc (%) 52+0.03 5440.04 54+0.04 0.09
Triglyceride (TG) 118+3.53 144+5.00 158+7.64 <0.001
HDL 48.3+0.69 50.1+0.51 49.5+0.63 0.18
Hyperlipidemia (%) 296424 37721 397429 <0.001
Metabolic syndrome (%) 15.5+1.8 29.8+1.7 51.5+2.1 <0.001

Values are presented as mean + SD unless otherwise indicated.

BMI, body mass index; HOMA-IR, homeostatic model assessment for insulin resistance; HbA1c, hemoglobin A1c; TG, triglycerides; HDL, high density

lipoprotein.
"Adjusted by age, sex, and race.

"Poverty index was classified with cut-offs of 1.3 and 1.85 according to the poverty quidelines.

Leptin level by degree of NAFLD as categorized by

NFS

There were 885 people with low NFS (<-1.455, consistent with
lack of significant fibrosis), 596 people with intermediate NFS,

396

and 129 people with high NFS (>0.676, indicative of advanced fi-
brosis) (Table 3, Fig. 3). Serum leptin levels for low, intermediate
and high NFS were 11.8+0.5 ng/mL, 15.6+0.8 ng/mL, 28.5+3.5
ng/mL, respectively (trend P-value<0.001). This association re-
mained significant even after adjusting for known metabolic risk
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Table 2. Leptin level by degree of NAFLD on liver ultrasound findings
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NAFLD . Limited
No NAFLD - Unadjusted Full model
(n=2,961) Mild Moderate Severe P-value model P-value'
(n=621) (n=664) (n=325) P-value
Leptin Level (ug/L)
Total 10.7+£0.30 12.1+0.66 15.6+0.75 16.041.00 <0.001 <0.001 048
Lean NAFLD (BMI<25) 6.9+0.23 704040 7140.73 76+1.02 0.659 0.78 0.30
Classic NAFLD (BMI=25) 14.7£0.48 16.1£1.08 17.8+0.83 16.9+1.07 <0.01 <0.001 <0.01

Values are presented as mean + SD unless otherwise indicated.
NAFLD, non-alcoholic fatty liver disease; BMI, body mass index.
;Adjusted for age, gender, race.

Adjusted for age, gender, race, hypertension, diabetes, waist to hip ratio, triglycerides, high density lipoprotein, homeostatic model assessment for insulin

resistance.

Table 3. Leptin level by degree of NAFLD fibrosis score

Low NFS Intermediate NFS ~ High NFS Unadjusted  Limited model  Full model
(n=885) (n=596) (n=129) P-value P-value’ P-value'
Leptin Level (ug/L)
Total 11.840.53 15.6+0.79 28.5+348 <0.001 <0.001 <0.001
Lean NAFLD (BMI<25) 6.7£0.36 76+1.22 54+0.80 0.53 0.82 0.19
Classic NAFLD (BMI>25) 15.7+0.70 16.6+0.84 28.2+3.30 <0.001 <0.001 <0.001

Values are presented as mean + SD unless otherwise indicated.

NAFLD, non-alcoholic fatty liver disease; NFS, non-alcoholic fatty liver disease fibrosis score; BMI, body mass index.

"Adjusted for age, gender, race.

"Adjusted for age, gender, race, hypertension, diabetes, waist to hip ratio, triglycerides, high density lipoprotein, homeostatic model assessment for insulin

resistance.

Leptin level by ultrasound findings

16
14
T 12
>
210
(e
B8
Y6
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2
0

None Mild Moderate Severe
NAFLD degree by liver ultrasound findings

Figure 2. Leptin level by degree of non-alcoholic fatty liver disease
(NAFLD) based on liver ultrasound findings with 95% confidence inter-
vals.

factors (age, sex, race, hypertension, diabetes, HOMA-IR, waist to
hip ratio, and metabolic syndrome). In subgroup analysis by BMI
group, the association was only prominent in the classic NAFLD
(15.7+£0.70 ng/mL in low NFS, 16.6+0.84 ng/mL in intermediate
NFS, 28.2+3.30 ng/mL in high NFS, trend P-value<0.001), but
not in lean NAFLD. A similar trend was observed when we used
APRI score instead of NFS (Supplementary Table 1).

http://www.e-cmh.org

Leptin level by NAFLD fibrosis score

Leptin Level

Low Intermediate High
NAFLD fibrosis score

Figure 3. Leptin level based on non-alcoholic fatty liver disease (NAFLD)
fibrosis score with 95% confidence intervals.

DISCUSSION

NAFLD affects nearly 25% of the general population globally."”
Obese populations are specifically targeted, with 57.5-74% of the
adult population affected and even 22.5-52.8% of obese children
showing evidence of NAFLD."*" It has been proposed that the
finding of fibrosis in nonalcoholic fatty liver disease suggests a
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progressive course of liver injury.”" Our study examined the asso-
ciation between leptin levels and non-alcoholic fatty liver disease
and found that a higher leptin level was associated with increased
hepatic steatosis severity based on both ultrasound findings and
NAFLD fibrosis score. This finding remained significant after ad-
justing for known demographic variables only in classic NAFLD,
which suggests that leptin's role in NAFLD pathogenesis may be
BMI-dependent.

It is interesting that with increasing levels of serum leptin, non-
Hispanic blacks and Hispanics constitute a greater percentage of
the cohort. Given that obesity, diabetes, and metabolic syndrome
are more prevalent among Hispanics and African Americans,”***
this association can contribute to the increased risk seen for devel-
oping NAFLD. Our study also found that the highest leptin tertile
had more women when compared to other tertiles. This may be in
part due to the effect of hormones,” percentage of adipose tis-
sue,” dietary differences® and perimenopausal age, which may
enhance metabolic syndrome risk factors and contribute to a high-
er incidence in women. Furthermore, in the non-alcoholic steato-
hepatitis Clinical Research Network database, women outnum-
bered men 2:1,% similar to our study results. Selthofer-Relati¢ et al.
showed that the leptin-to-adiponectin ratio was higher in females
compared to males and that this finding was associated with high-
er visceral obesity.® Another study has found that after adjusting
for body fat, woman had higher leptin levels than men.” This find-
ing could be related to estrogen’s role on leptin expression as one
study's findings*® suggest that leptin levels decrease in women af-
ter menopause while the mean values of BMI, insulin and HOMA-
IR score remained unchanged by menopause status. Individuals
with the highest leptin levels were also more likely to have hyper-
tension, diabetes, hyperlipidemia, and metabolic syndrome.

Leptin is thought to increase hepatic steatosis, inflammation
and fibrosis."' Leptin augments the development of insulin resis-
tance and has a pro-inflammatory role that contributes to the de-
velopment of fibrosis.*" In part, this is due to the promotion of ex-
pression of a2 (1) collagen and its excessive deposition in the
liver."® Insulin resistance and hyperinsulinemia elevates serum free
fatty acid levels, which in turn increases triglyceride production
and hepatic steatosis.* Chronic insulin resistance also results in
hepatic lipogenesis and has been thought to stimulate pro-fibrotic
cytokines.*”* It is possible that through this mechanism of in-
creased insulin resistance, inflammation and collagen deposition,
leptin contributes to the development of NAFLD in overweight in-
dividuals that are at a higher risk for metabolic syndrome.

It has been previously shown* that in those with lean NAFLD,

398 https://doi.org/10.3350/cmh.2018.0011

the fasting glucose and HbATc were lower and associated with
less fibrosis when compared to classic NAFLD. This might suggest
that the mechanism in lean individuals is through a pathway inde-
pendent of leptin-driven fibrosis, which leads to the development
of metabolic syndrome as an intermediate step towards NAFLD. A
prior study has shown that lean NAFLD patients had lower preva-
lence of diabetes, hypertension, hypertriglyceridemia and meta-
bolic syndrome."” However, the overall mortality was higher in
lean NAFLD patients.” In the lean NAFLD population, certain ge-
netic factors were thought to contribute to the development of
liver steatosis, including hypobetalipoproteinemia*® and malab-
sorption disorders such as celiac disease™* and cystic fibrosis.*
In spite of these individuals developing severe steatosis, they have
not been shown to have reduced insulin sensitivity.”** These indi-
viduals were associated with elevated transaminases.*” When
compared to obese populations, those with lean NAFLD have sig-
nificantly less fibrosis and inflammation**** but were found to
have more severe lobular inflammation."”

In our study, there was a clear trend showing that with in-
creased liver fibrosis there were similar rises in leptin levels, seen
most significantly with elevated BMI (P<0.001). Several in vivo
and ex vivo studies have attested to this profibrogenic role of
leptin.” Other data demonstrate that Kupffer cells and sinusoidal
endothelial cells contain leptin receptors that increase matrix re-
modeling gene expression, which initiates the cascade of fibrosis
in hepatic stellate cells (HSCs).”" Other studies™"®
directly targeted by leptin itself to modulate signal transduction
systems and fibrotic gene expression as well as to promote the
persistence of HSCs in the activated phase, thus stimulating pro-
liferation and furthering fibrogenesis.® However, the exact mecha-
nisms of fibrogenesis have yet to be fully determined.

Moreover, on ultrasonography of the liver in NAFLD, there is an
increase in echogenicity caused by fatty infiltration (steatosis),”
as well as additional findings of hepatocyte ballooning, necrosis,
and Mallory's hyaline on biopsy.”** Additionally, it has been pre-
viously shown that the severity of liver histologic changes, such
as findings of advanced fibrosis, at the time of diagnosis plays a
prognostic role in the progression towards developing cirrhosis
further demonstrating the destructive effects of NAFLD. Similar to
the aforementioned fibrosis trend, our comparisons demonstrated
that increased hepatic steatosis correlates with elevations in
leptin, especially at a higher BMI.

Finding a potential marker associated with disease severity is
important given the high prevalence of NAFLD and its elevated
risk of complications. Prior studies have shown that people with

show HSCs are
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NAFLD had increased mortality compared to the general popula-
tion; -their top two leading causes of death were malignancy and
ischemic heart disease, with liver related mortality being the third
leading cause of death.”®*’

A strength of our study is that the findings are based on nation-
ally representative data in the United States that include compre-
hensive demographic information, laboratory tests, physical ex-
amination results, and a clinical questionnaire. While a previous
study®® has shown the positive relationship of leptin with NAFLD,
our study went further to examine separately for the severity of fi-
brosis stage in NAFLD patients and found that the serum leptin
level was significantly associated with increased fibrosis severity.
Furthermore, we strongly believe that it is still important to inves-
tigate national population data to confirm the association be-
tween leptin and NAFLD since the evidence in existing literature is
still conflicting. Limitations include the fact that NAFLD was not
diagnosed by liver biopsy. In this study, NAFLD was assessed by
histological criteria on the basis of liver ultrasound findings, which
has previously been demonstrated to have a specificity of 100%
and sensitivity of 83%.” A non-invasive diagnostic tool, such as
ultrasound, may be a more appropriate screening method in a
large epidemiological study and has been previously shown to
have good screening accuracy.” Lastly, given the cross-sectional
design of this study, we could not disclose if there was a causal
relationship between leptin and NAFLD.

In conclusion, higher serum leptin level is associated with
NAFLD. Moreover, the serum concentration of leptin correlates
with severity of hepatic steatosis, especially in classic (high BMI)
NAFLD patients. Future prospective studies are warranted to fur-
ther investigate these findings in order to gain insight on the role
of leptin level in predicting NAFLD severity.
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