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Abstract

Background: Worldwide, the prevalence of the major health disorder, obesity, has risen. Obesity is a risk factor for development
of steatohepatitis, a precursor to chronic liver disease. Alanine transaminase (ALT) is a recognized marker for steatohepatitis.
The prevalence of steatohepatitis in aging populations with obesity has not been well delineated. Objective: Our hypothesis is
that the prevalence of steatohepatitis would be lower in older subjects with obesity due to the increased morbidity and mortality
related to chronic liver disease in individuals with obesity. Method: Consecutive individuals with obesity (n=400) have been
evaluated in gastrointestinal clinic. Exclusions (n=72) include cirrhosis, hepatitis C, Celiac disease, >28 g/day alcohol, and >2
g/day acetaminophen. Definition of elevation of ALT in men and women is based on the American College of Gastroenterology
guidelines. Result: Among 328 eligible subjects, 175 are < 64 years-old and 153 are > 65 years old. Mean body mass index
(BMI) of individuals < 64 years is 36.0+/-5.2 kg/m? and mean BMI of individuals > 65 years is 34.9+/-4.1 kg/m? (t-test: p=0.036).
Subjects with type 2 diabetes mellitus include 53 of 175 subjects < 64 years and 94 of 153 subjects > 65 years (Chi-square 2X2
Statistic: p<.001). The overall prevalence of ALT elevation is 47%. A Chi-square 2X2 statistic (p<.001) supports the hypothesis
that ALT elevation is inversely dependent upon age, and a Chi-square 2X2 statistic (p=0.039) supports a higher prevalence of
steatotic liver disease in younger subjects. Conclusion: The high prevalence of ALT elevation, consistent with steatohepatitis, in
this non-urban population is statistically more common in subjects < 64 years-old, supporting our hypothesis. This difference is
not explained by type 2 diabetes, which is statistically more common in subjects > 65 years-old, but is consistent with the higher
prevalence of steatotic liver disease in subjects < 64 years-old. The association between a higher prevalence of elevated ALT
levels and a higher prevalence of hepatic steatosis supports the importance of weight loss to resolve hepatic steatosis in order to
protect younger individuals with steatohepatitis.
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1. Introduction

Worldwide, obesity continues to be an increasing risk factor
against healthy aging [1]. The prevalence of obesity rose in
all nations between 1990 and 2021 [1]. The authors pre-
dicted that more than half of the global adult population
will be overweight or obese by 2050 [1]. Obesity as a health
risk factor is well described [2] to be associated with the
development of type 2 diabetes mellitus, cardiovascular
diseases, at least 13 types of cancer [3], and chronic liver
disease.

Obesity can lead to hepatic steatosis, which can be defined
as fatty infiltration of the liver [4]. It has been suggested that
hepatic steatosis develops when the combined uptake of fatty
acids from plasma by the liver and fatty acid synthesis in the
liver is greater than the combined oxidation of fatty acids in
the liver and export of triglycerides from the liver [4]. The es-
timated worldwide prevalence of steatotic liver disease is 25.6%
of women and 39.7% of men [5]. A major concern about the
presence of hepatic steatosis is the development of steatohep-
atitis [6]. Chronic steatohepatitis can lead to progressive fibro-
sis of the liver, cirrhosis, and then hepatocellular carcinoma
[6]. The importance of the linkage of obesity to hepatic stea-
tosis and fibrosis of the liver is supported by a meta-analysis
demonstrating an increased risk of mortality in individuals
with hepatic steatosis and liver biopsy-confirmed fibrosis [7].
A recent study supported a global rise after 2016 in the prev-
alence of advanced hepatic fibrosis and cirrhosis, with obesity
cited as a risk factor [8]. A second study described a steep
global increase from 2000 to 2021 of primary liver cancer as-
sociated with steatotic liver disease [9]. Taken together, these
studies support the concern that obesity is a major cause of
global chronic liver disease.

The enzyme alanine transaminase (ALT) is produced al-
most exclusively by the liver and ALT is a recognized marker
of hepatic inflammation [10-13]. Depending upon the levels
of ALT considered normal, diagnosis of steatohepatitis based
upon elevated ALT levels is reported to provide a pooled spec-
ificity of 74.4% and a pooled sensitivity of 63.5% when com-
pared to liver biopsies [10]. The prevalence of steatohepa-
titis in aging populations with obesity has not been well
delineated. In our study of a large urban population of 593
individuals considering bariatric surgery for treatment of
obesity, we identified a 17.2% prevalence of elevated ALT
levels [14].

Based upon the risks of morbidity and mortality related to
chronic liver disease in individuals with obesity, we hypothe-
sized that the prevalence of steatohepatitis would be lower in
older subjects with obesity. The aims of this study are to de-
fine the prevalence of elevated ALT levels in obese indi-
viduals age > 65 years-old compared to obese individuals
< 64 years-old in a non-urban population, and to evaluate
potential risk factors involved in development of steatotic
liver disease.

2. Materials and Methods

2.1. Ethical Approval and Consent to
Participate

All studies involving human subjects were consistent with
the ethical standards of the institutional research committee.
The Salem Veteran Affairs Medical Center Institutional Re-
view Board provided approval for human studies on Novem-
ber 5, 2021. This study was declared to be an exempt protocol
by the Institutional Review Board. For this research study, the
Institutional Review Board provided a waiver of informed
consent.

2.2. Study Population

United States veterans who live in rural areas, small towns,
and small cities (population < 100,000 individuals) of South-
west Virginia, Southern Virginia, Northern North Carolina,
and Eastern West Virginia receive care at the Salem Veteran
Affairs Medical Center. In this single center, retrospective
study from 2021 to 2023, consecutively accrued non-urban
patients with obesity (n=400) were evaluated in the gastroen-
terology clinic. Patients are excluded from this study (n=72)
who have a diagnosis of cirrhosis, hepatitis C, Celiac disease,
intake of >28 grams/day of alcohol in men or >14 grams/day
of alcohol in women (based upon United States Dietary
Guidelines) [15], intake of >2 grams/day of acetaminophen
(based on the recommendation of the National Institute of
Health) [16], or a serum glutamic-oxaloacetic transaminase
(SGOT) level that is higher than serum ALT.

2.3. Data Collection

A diagnosis of type 2 diabetes mellitus, age, sex, weight,
body mass index, racial background, findings from imaging of
the liver that did or did not demonstrate the presence of hepatic
steatosis, serum ALT, and serum SGOT have been collected
from the 328 study-eligible patients. In this study, 173 sub-
jects completed imaging of the liver by computerized tomog-
raphy, 54 individuals completed imaging of the liver by ultra-
sound examination, and 2 individuals completed imaging of
the liver by magnetic resonance imaging.

2.4. Determination of Alanine Transaminase

Serum ALT determination was performed by an automated
spectrophotometric analysis [17]. Elevated serum ALT levels
in men and in women are defined by the national recommen-
dations of the American College of Gastroenterology based
upon histopathology of liver biopsies [18]. Their recommen-
dations have been supported by a study from South Korea [19].
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2.5. Statistical Analysis

The significance of and impact of the effect size could not
be estimated by a power analysis because of the retrospective
design of the present study. StatView for Windows (SAS In-
stitute Inc., Cary, NC, USA) was used to perform statistical
analysis. Descriptive statistics have been calculated for all
variables. Unpaired Student’s t-tests were used to evaluate

3. Results

3.1. Demographics of the Study Population

possible differences in body mass index and body weights in
individuals < 64 years-old compared to individual > 65 years-
old. Nonparametric analysis utilized Chi-Square statistics.
Chi-Square 2X2 table statistics have been performed to exam-
ine the potential relationships between age and serum ALT,
between age and type 2 diabetes mellitus, and between age
and hepatic steatosis (as identified by imaging of the liver).

Table 1. Demographics of 328 Study Subjects.

N MEAN VALUE
Men 290 (88%)
Women 38 (12%)
Black Americans 68 (21%)
White Americans 259 (79%)
Ages (Years)
Age < 64 Years 175 52
Age > 65 Years 153 73
Weights (kg)
Age < 64 Years 175 111
Age > 65 Years 153 110
Body Mass Index (kg/m?)
Age < 64 Years 175 36.0*
Age > 65 Years 153 34.9*

*t-test: p = 0.036

There are 328 eligible individuals: 175 (53%) are < 64
years-old while 153 (47%) are > 65 years old (see Table 1).
There are 38 women (12%) and 290 men (88%) with 68 black
Americans (21%) and 259 white Americans (79%). The mean
+/-standard deviation (SD) age of individuals < 64 years is
52+/-8.3 years with a range of 26 to 64 years, while the mean
+/-SD age of individuals > 65 years is 73+/-4.9 years with a
range of 65 to 88 years (see Table 1). The mean +/-SD weight
of individuals < 64 years is 1114/-18 kg with a range of 80 to
200 kg, while the mean +/-SD weight of individuals > 65 years
is 110+/-15 kg with a range of 74 to 152 kg (see Table 1).
There is no significant difference in mean weights (t-test: p >
0.05). The mean +/-SD body mass index of individuals < 64
years is 36.0+/-5.2 kg/m? with a range of 30.1 to 61.8 kg/m?,

STANDARD DEVIATION RANGE
8.3 26-64
4.9 65-88
19 80-200
15 74-152
52 30.1-61.8
4.1 30.1-55.6

while the mean +/-SD body mass index of individuals > 65
years is 34.9+/-4.1 kg/m? with a range of 30.1 to 55.6 kg/m?
(see Table 1). There is a statistically significant difference in
mean body mass index, which is higher in individuals < 64
years (t-test: p = 0.036).

3.2. Relationship Between Patient Ages and
Elevated Serum ALT

The overall prevalence of elevated serum ALT in this study
is 47%. As shown in Table 2, a Chi-square 2X2 table analysis
(p < 0.001) supports our hypothesis that elevated serum ALT
is inversely dependent upon age.
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Table 2. Relationship Between Age and Serum Alanine Transaminase (Alt) Levels Chi-square 2x2 Statistic: 21.3; P < 0.001.

ELEVATED ALT NORMAL ALT TOTALS
AGE (YEARS) <64 103 72 175
AGE (YEARS) > 65 51 102 153
TOTALS 154 174 328

3.3. Relationship Between Patient Ages and
Diabetes Mellitus 2

The overall prevalence of type 2 diabetes mellitus in this
study is 45%. As shown in Table 3, a Chi-square 2X2 table
analysis (p < 0.001) supports a positive correlation of type 2
diabetes mellitus with age.

3.4. Relationship Between Patient Ages and
Hepatic Steatosis

Based upon imaging of the liver, the overall prevalence of
steatosis of the liver in this study is 47%. As shown in Table
4, a Chi-square 2X2 table analysis (p=0.039) demonstrates
that the presence of hepatic steatosis is inversely correlated
with increasing age.

Table 3. Relationship Between Age and Type 2 Diabetes Mellitus (Dm2) Chi-Square 2x2 Statistic: 32.0; P < 0.001.

NO DM2 TOTALS
122 175
59 153
181 328

Table 4. Relationship Between Age and Hepatic Steatosis Chi-Square 2x2 Statistic: 4.22; P = 0.039.

DM2
AGE (YEARS) <64 53
AGE (YEARS) >65 94
TOTALS 147
Steatosis
AGE (YEARS) <64 62
AGE (YEARS) >65 46
TOTALS 108

4. Discussion

Depending upon the levels of ALT considered as normal, a
diagnosis of steatohepatitis using elevated ALT levels is re-
ported to provide a pooled specificity of 74.4% and a pooled
sensitivity of 63.5% when compared to liver biopsies [10]. El-
evated serum ALT levels in men and in women in this study
are defined by the national recommendations of the American
College of Gastroenterology based upon histopathology of
liver biopsies [18]. Their recommendations have been sup-
ported by a study from South Korea [19]. The results from our
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No steatosis Totals
53 115
68 114
121 229

present study support our hypothesis that the prevalence of el-
evated ALT levels as a marker of steatohepatitis would be
lower in older, subjects with obesity in a non-urban population.
The presence of cirrhosis of the liver is an exclusion in this
study so that we can examine the risk of chronic obesity in
younger and older subjects.

The findings of our study support the importance of weight
loss in younger individuals as a means of treating steatohepa-
titis. Prior studies have demonstrated that losing weight can
result in the resolution of steatohepatitis. In a study from Ha-
vana, Cuba, 90% of individuals who lost >10% of their total
body weight had resolution of steatohepatitis [20]. In a study
from the United States, individuals who lost >7% of their total
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body weight had a significant improvement in their parame-
ters of steatohepatitis [21].

In examining potential methods of weight loss, we have
previously summarized the weaknesses of dietary changes and
exercise programs in promoting weight loss [22]. For more
than 20 years, there have been reports of resolution of steatotic
liver disease after weight loss resulting from bariatric surgery
[22]. It has been known since the 1980s [23] that there is an
enteric peptide, enteroglucagon, that is distinct from pancre-
atic glucagon. In the past decade, treatment of steatohepatitis
with Glucagon-like Peptide-1 (GLP-1) receptor agonists was
proposed [24]. In 2021, a 72 week phase 2 liver biopsy trial
comparing the GLP-1 receptor agonist semaglutide to placebo
reported a higher percentage resolution of steatohepatitis with
no worsening of fibrosis in the individuals who received
semaglutide [25]. Since then multiple studies using GLP-1 re-
ceptor agonists have examined their effects on steatohepatitis,
and a recent systemic review and meta-analysis concluded that

GLP-1 receptor agonists did improve steatosis of the liver [26].

The authors however warned that it was not yet clear whether
these agents improved clinically significant outcomes. Since
the development of cirrhosis of the liver may takes years,
demonstrating clinically significant outcomes remain a future
goal of therapy when using these synthetic peptides.

The results of our present study, which included only obese
subjects, are more specific than a prior population-based study
of non-alcoholic fatty liver disease from 2010 to 2020 in the
United States which provided evidence for a lower prevalence
of non-alcoholic fatty liver disease in individuals ages 70-79
years and ages >80 years [27]. The results from that study are
consistent with the results of our present study, but that prior
study [27] did not suggest an explanation for a lower preva-
lence of non-alcoholic fatty liver disease in older individuals.

In our present study, obese subjects <64 years-old have a
minimally higher body mass index when statistically com-
pared to obese subjects >65 years-old. We speculate that body
mass index does not entirely explain why younger individuals
had a higher prevalence of elevated ALT levels.

Population studies have described an increasing number of
prescriptions for medications with advancing age [28]. We
speculate that it would be unlikely that the higher prevalence
of elevated ALT levels in the younger population would be
related to prescription medications.

In our present study, obese subjects > 65 years-old have a
higher prevalence of type 2 diabetes mellitus compared to
obese subjects < 64 years-old. Our present study parallels
prior reports [29] describing a higher prevalence of type 2 di-
abetes mellitus in older populations. This raises the question
of the relative importance of type 2 diabetes mellitus in the
development of hepatic steatosis. The incidence of non-alco-
holic fatty liver disease has been reported to be 48% higher in
individuals with type 2 diabetes mellitus compared to individ-
uals without diabetes mellitus [30]. By contrast, the incidence
of non-alcoholic fatty liver disease has been reported to be 200%
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higher in overweight/obese individuals compared to individu-
als with normal weight [30]. These findings support our
greater concern with regards to the risk of steatotic liver dis-
ease in individuals with obesity.

Our present study did demonstrate that subjects < 64 years-
old have a statistically higher prevalence of hepatic steatosis
as identified by imaging of the liver. An association between
a higher prevalence of elevated ALT levels and a higher prev-
alence of hepatic steatosis in subjects < 64 years-old is con-
sistent with the concept that hepatic steatosis increases the risk
of developing steatohepatitis. This association again supports
the importance of promoting weight loss in younger individu-
als with steatohepatitis.

The limitations of this study include its being a retrospec-
tive study with enrollment of a high percentage of men and a
single center enrollment. This study has a limited sample size
with regards to imaging of the liver in enrolled subjects. This
study was not designed to demonstrate a correlation between
elevation of serum ALT level and liver biopsy findings of ste-
atohepatitis. The results may not apply to urban patient popu-
lations or to countries outside of the United States because it
is a single center study. Its organization may result in produc-
tion of an inferior level of evidence because it is a retrospec-
tive study. A randomized controlled trial or a prospective co-
hort study could provide more information with regarding
causality.

5. Conclusions

The high prevalence of ALT elevation, consistent with ste-
atohepatitis, in this non-urban population is statistically more
common in subjects < 64 years-old compared to subjects > 65
years-old. This difference is not explained by the presence of
diabetes mellitus 2, which is statistically more common in in-
dividuals > 65 years-old, but is consistent with the higher
prevalence of steatotic liver disease in individuals < 64 years-
old. Prior studies have demonstrated that weight loss can re-
sult in the resolution of steatohepatitis. The association be-
tween a higher prevalence of elevated ALT levels and a higher
prevalence of hepatic steatosis supports the importance of
weight loss to resolve hepatic steatosis in order to protect
younger individuals with steatohepatitis.

Abbreviations
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BMI Body Mass Index

SGOT  Serum Glutamic-Oxaloacetic Transaminase
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