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ABSTRACT

Introduction: Metabolic associated steatohepatitis (MASH) is one of the most frequent causes of chronic liver disease. Liver
transaminases are important biomarkers to measure liver injury, however, a proportion of patients with MASH may present
with normal levels of transaminases. The levels of serum transaminases may not correlate with the severity of histopathological
changes. Objective: We aimed to identify the frequency of normal transaminases in obese patients with MASH, as well as to
describe the clinical, biochemical and histological characteristics in this specific group of patients. Materials and methods: A
retrospective cross-sectional study was conducted in the bariatric surgery service of a private clinic. Obese patients older than
18 years with a body mass index (BMI) >30Kg/m2 and 2 co-morbidities undergoing a gastric sleeve surgery were included.
Measurement of biochemical routine laboratory exams was performed. Insulin resistance was calculated using the homeostasis
evaluation model (HOMA-IR). All patients underwent liver biopsies prior to surgery and the diagnosis of MASH was based on
the Brunt criteria. Results: 159 obese patients with MASH were included, of which 47.2% had normal transaminases and
52.8% elevated transaminases. Factors associated with alteration in transaminases were: being male OR=4.02 (95% Cl: 2.03-
7.96; p<0.01), diagnosis of type 2 diabetes mellitus OR=4.86 (95% ClI: 1.97- 11.95; p<0.01) and levels of GGT >50 IU/L
OR=7.50 (95% Cl: 3.40-16.56; p<0.01). The values of HOMA-IR and GGT were significantly higher in the group of high
transaminases (p<0.01). Differences in the degree of fibrosis were not associated with transaminases levels. Conclusion: In
conclusion we found that the frequency of normal transaminases was 47.2% in obese patients with MASH. Factors associated
with elevation in liver enzymes were being male, diagnosis of diabetes mellitus and elevation in GGT levels. The degree of
fibrosis was not associated with elevations in liver transaminases. These findings suggest that transaminases levels alone are not
accurate markers to assess liver injury, as they do not necessarily correlate with histological liver damage.
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RESUMEN

Introduccién: La esteatohepatitis asociada metabélica (MASH) es una de las causas mas frecuentes de enfermedad hepdtica
crénica. Las transaminasas hepaticas son biomarcadores importantes para medir el dafo hepético; sin embargo, una proporcién
de pacientes con MASH pueden presentar niveles normales de transaminasas. Los niveles de transaminasas séricas pueden no
estar correlacionados con la gravedad de los cambios histopatolégicos. Objetivo: Nuestro objetivo fue identificar la frecuencia
de transaminasas normales en pacientes obesos con MASH, asi como describir las caracteristicas clinicas, bioquimicas e
histolégicas en este grupo especifico de pacientes. Materiales y métodos: Se realizé un estudio transversal retrospectivo en el
servicio de cirugia baridtrica de una clinica privada. Se incluyeron pacientes obesos mayores de 18 afios con indice de masa
corporal (IMC) >30Kg/m2 y 2 comorbilidades sometidos a cirugia de manga gastrica. Se realizé la medicién de los exdmenes
bioquimicos de laboratorio de rutina. La resistencia a la insulina se calculé mediante el modelo de evaluacién de la homeostasis
(HOMA-IR). Todos los pacientes se sometieron a biopsias hepaticas antes de la cirugia y el diagnéstico de MASH se basé en los
criterios de Brunt. Resultados: Se incluyeron 159 pacientes obesos con MASH, de los cuales el 47,2% tenfan transaminasas
normales y el 52,8% transaminasas elevadas. Los factores asociados a la alteracién de las transaminasas fueron: ser hombre
OR=4,02 (IC 95%: 2,03-7,96; p<0,01), diagnéstico de diabetes mellitus tipo 2 OR=4,86 (IC 95%: 1,97-11,95; p<0,01) y
niveles de GGT >50 UI/L OR=7,50 (IC 95%: 3,40-16,56; p<0,01). Los valores de HOMA-IR y GGT fueron significativamente
mayores en el grupo de transaminasas altas (p<0,01). Las diferencias en el grado de fibrosis no se asociaron con los niveles de
transaminasas. Conclusién: Encontramos que la frecuencia de transaminasas normales fue del 47,2% en pacientes obesos con
MASH. Los factores asociados con la elevacién de las enzimas hepaticas fueron el sexo masculino, el diagnéstico de diabetes
mellitus y la elevacién de los niveles de GGT. El grado de fibrosis no se asoci6 con elevaciones de las transaminasas hepéticas.
Estos hallazgos sugieren que los niveles de transaminasas por sf solos no son marcadores precisos para evaluar el dafio hepético,
ya que no necesariamente se correlacionan con el dafo hepatico histolégico.
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INTRODUCCION

Metabolic associated fatty liver disease (MAFLD),
formerly known as non-alcoholic fatty liver disease
(NAFLD), has emerged as the most frequent cause
of chronic liver disease worldwide [1]. This disease
is characterized by fat accumulation in the liver,
in association with metabolic disease, obesity and
diabetes mellitus "?. The severity of MAFLD can
range from a simple hepatic steatosis to a metabolic
associated steatohepatitis (MASH) that can eventually
lead to cirrhosis and hepatocellular carcinoma ©#.
Histological changes in MASH are characterized by
steatosis in more than 5% of hepatoctytes, ballooning
degeneration, and intralobular inflammation ©.

Liver transaminases, mainly alanine aminotransferase
(ALT) and aspartate aminotransferase (AST), are
enzymes aggregated in the cytosol of hepatocytes
[6]. These enzymes are normally detectable in the
serum at low concentrations, typically at values <30
IU/L; however, any process that leads to the loss of
hepatocyte membrane integrity or necrosis results in
the release of ALT and AST in higher concentrations
in the serum ©7. Several physiological and risk factors
may contribute to the serum levels of these enzymes
including age, sex, body mass index, elevated levels
of triglycerides, insulin resistance, and blood glucose
level @9 In this way, serum levels of transaminases,
particularly ALT, are important markers used to reflect
hepatic inflammation and liver injury in patients with
various liver diseases ©71%.

Studies on the dynamics in transaminase levels
during the course of MAFLD and MASH are
heterogeneous. For example, some studies have shown
that higher ALT values are associated with a higher risk
to develop MAFLD and eventually MASH 12, On the
other hand, some studies have shown that ALT values
do not correlate with the severity of histopathological
changes in MAFLD ©. Patients with MASH with
normal transaminase levels have also been described
in variable proportions 3. A recent meta-analysis
showed that up to 25% MAFLD patients and 19%
MASH patients had normal ALT values in the overall
patients evaluated ®. Close monitoring of this group
of patients is important, given that over time more
than 20% of patients with MASH, may also be at risk
of progressive and severe liver disease, regardless of
serum transaminases values 7.

Patients with MAFLD or MASH with normal serum
transaminases values are often neglected given that
physicians tend to evaluate hepatic risk of MAFLD
based on changes in transaminases values, therefore,
we aimed to identify the frequency of normal
transaminases in obese patients with MASH, as well as
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to describe the clinical, biochemical and histological
characteristics in this specific group of patients.

MATERIALS AND METHODS

Study design and patients

We performed an observational, descriptive, cross-
sectional, retrospective study. The current study was
conducted in the bariatric surgery department of the
Avendano Clinic, a private clinic in Lima, Peru. The
study was conducted in patients who were programmed
for gastric sleeve surgery in the period between January
2017 through January 2019. Patients were included if
they underwent gastric sleeve surgery, were older than
18 years with a BMI = 30 kg/m?, and had associated
at least 2 co-morbidities (diabetes mellitus type 2,
insulin resistance, hypertriglyceridemia, hypertension,
obstructive sleep apnea) with serious previous attempts
for loss of weight, on at least two occasions. Exclusion
criteria were patients with significant alcohol intake
(> 20g/d), evidence of acute or chronic viral hepatitis,
drug-induced  hepatitis, autoimmune  hepatitis,
metabolic diseases of the liver or other chronic liver
diseases.

Clinical, biochemical and anthropometric parameters

The clinical, biochemical and anthropometric
parameters were evaluated for each patient. Blood
sample collection was performed for each patient, the
blood samples were obtained under fasting conditions
and the followingtests were carried out: total cholesterol,
HDL cholesterol, LDL cholesterol, triglycerides,
gamma-glutamyltransferase ~ (GGT),  hemoglobin,
glucose and insulin. All laboratory procedures were
performed under standardized conditions within the
same laboratory. Insulin resistance was calculated using
the homeostasis evaluation model (HOMA-IR), in the
present study a cut-off point of 2.7 was used. The cut-
off point for the serum ALT and AST values were 40
IU/L and 37 IU/L, respectively. Diabetes mellitus was
diagnosed by the criteria of the American Diabetes
Association (ADA) "® and hypertension was diagnosed
by the criteria of the Joint National Committee JCN) 9.

Body mass index (BMI) was calculated based on body
weight (kg) divided by height squared (m?). A BMI =
30 kg/m? was considered type | obesity; BMI =35
obesity type Il, BMI =40 obesity type IIl.

All patients underwent liver biopsies prior to
performing the surgery. All liver biopsies were taken
from the right hepatic lobe, in a wedge, according to
the clinic protocol. The patients signed an informed
consent in all cases for the biopsy and for the surgery.
The liver biopsy was read by two independent
pathologists trained in hepatic histology, the diagnosis
of MASH was based on the Brunt criteria ©°.
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Statistical analysis

For the analysis, a total of 159 patients with MASH
were considered. Summary measures were calculated
for quantitative and categorical variables. For the
quantitative variables with the mean, standard
deviation, median and interquartile ranges were
calculated. For categorical variables, the frequency and
percentage were calculated.

The analysis of the variables distribution and
associated factors was performed in patients with high
and normal transaminases. Also, a sub-group of 42
patients with significant fibrosis (F2 or greater) were
analyzed. The following variables were analyzed in
these groups: age, gender, BMI, blood pressure, Low
HDL by gender, hypertriglyceridemia, glucose, diabetes
and HOMA IR.
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For the analysis of differences in the case of
quantitative variables, Student’s t-test was performed
if the variables followed a normal distribution,
otherwise, the Mann-Whitney U-test was applied. For
the categorical variables, the Chi Square test was used
and for variables that had statistical significance, the
odds ratio was also calculated. A p-value <0.05 was
considered statistically significant. All statistical analysis
were performed using the SPSS version 23.

RESULTS

Atotal of 159 obese patients with MASH were included in
the study. The descriptive statistics for the demographic,
clinical and biochemical characteristics are shown in
Table 1. The average age of presentation was 38.9 =+
10 years, 59.1% were female while 41.9% were male.

Table 1. Demographic, clinical and laboratory characteristics of the patients.

Patients (n = 159) Mean Median Standard deviation Interquartile range n %
Age 38.9 39.0 10.0 14.0
Gender
Male 65 40.9
Female 94 59.1
BMI 38. 37.0 6.1 8.3
Type 1 57 35.8
Type 2 39 24.5
Type 3 63 39.6
Fasting blood sugar 95.0 89.0 25.8 17.0
Diabetes 35 22.0
Hypertension 83 52.2
Metabolic Syndrome 83 52.2
HOMA IR 6.4 5.1 44 45
HDL 45.4 45.0 12.7 18.0
Low HDL 70 44,0
Triglycerides 173.1 145.0 95.7 90.0
High level of triglycerides 78 49.1
GGT 515 42.0 40.9 33.0
Elevated GGT 55 346
AST 38.6 27.0 324 30.0
ALT 58.7 40.0 55.1 54.0
Elevated transaminases 84 52.8
AST/ALT 0.8 0.7 0.3 0.3
AST/ALT ratio > 1 24 15.1
Fibrosis
FO 88 55.3
F1 29 18.2
F2 2 1.3
F3 34 214
F4 6 3.8
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75 patients (47.2%) had normal transaminases and
84 patients (52.8%) elevated transaminases. 22% of
the patients had diabetes mellitus type 2; and 52.2%
met criteria for metabolic syndrome. 42 (26.5%) of the
patients had significant fibrosis (F2 or greater).

Table 2 shows the different characteristics in patients
with normal and with elevated transminases. We could
observe that patients with elevated transminases were
predominantly male OR=4.04 (95% Cl: 2.03-7.96;
p<0.01). Also other factor associated with elevated
transaminases were: patients with diabetes mellitus
OR=4.86 (95% Cl: 1.97-11.95; p<0.01) and values of
GGT above 50 U/L OR=7.50 (95% CI: 3.39 - 16.56;
p<0.01). In the group of elevated transaminases the
values of HOMA IR and GGT were higher than the
group of normal transminases, both statically significant

Lozano A, et al.

with p-values <0.01. It should be noted that there
were no statistically significant differences in fibrosis
between the groups of patients with normal and
elevated transaminases.

We found that 42 patients with MASH had
significant fibrosis (F2 or greater), which were also
analyzed according to transaminases levels. A total
of 16/42 (38%) had normal transaminases and 26/42
(62%) had elevated transaminases as shown in Table 3.
In these groups no differences were found in relation
to the level of BMI, presence of diabetes mellitus or
metabolic syndrome. It was found that most patients
in the group with elevated transaminases were male
OR=13.22 (95% Cl: 2.45-71.48; p<0.01). Also, a
higher proportion of patients with GGT values above 50
U/L was observed in the elevated transaminases group
OR=5.67 (95% Cl: 1.41-22.76; p<0.01) Finally, levels

Table 2. Characteristics of patients with MASH according to transaminase levels.

(Pnat=ie1nst§) NormarII t;a7n553’21)inases trafslg;r,nj%::s)es p-value OR C195%
Age* 39.35(10.2) 38.62 (10.6) 0.66
Gender
Male 18 (24.0 47 (56.0 <0.01 4.02 2.03-7.96
Female 57 (76.0) 37 (44.0)
BMI
Type 1 31(41.3) 26 (31.0)
Type 2 19 (25.3) 20 (23.8) 0.39
Type 3 25(33.3) 38 (45.2)
Fasting blood sugar 88.0 (14.0) 91.0 (22.8) 0.07
Diabetes 7(9.3) 28(33.3) <0.01 4.86 1.97-11.95
Hypertension 39 (52.0) 44 (52.4) 0.96
Metabolic Syndrome 34 (45.3 %) 49 (58.3) 0.10
HOMA IR value 4.01(3.63) 6.19 (5.94) <0.01
HDL value 48.09 (13.08) 43.01 (11.99) 0.01
Low HDL
Women < 50 32 (56.1) 25 (67.7) 0.26
Men < 40 5(27.8) 22 (46.8) 0.16
Triglycerides value 140.0 (80.0) 147.5 (111.3) 0.17
Triglycerides > 150 34 (45.3) 44 (52.4) 0.38
GGT value 31.0 (26.0) 54.0 (36.8) <0.01
GGT >50 10 (13.3) 45 (53.6) <0.01 7.50 3.39 - 16.56
Fibrosis
FO 43 (57.3) 45 (53.6)
F1 16 (21.3) 13 (15.5)
F2 1(1.3) 1(1.2) 0.66
F3 13(17.3) 21(25.0)
F4 2(2.7) 4 (4.8)
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Table 3. Factors associated with elevated transaminases in patients with significant fibrosis (F2 or greater) (univariate analysis).

Patients with significant fibrosis Normal Elevated
(F2-F4) transaminases transaminases p-value OR C195%
n=42 n =16 (%) n =26 (%)
Age 41.00 (13.3) 40.50 (11.00) 0.69
Gender
Male 2(12.5) 17 (65.4) <0.01 13.22 245-71.48
Female 14 (87.5) 9(34.6)
Obesity
Type 1 7(43.7) 6 (23.1)
Type 2 4 (25.0) 8 (30.8) 0.12
Type 3 5(31.3) 12 (46.1)
Diabetes 2(12.5) 10 (38.5) 0.07
Hypertension 7(43.8) 12 (46.2) 0.88
Metabolic Syndrome 7(43.8) 15 (57.7) 0.38
HOMA IR 3.93(5.88) 7.58 (6.25) 0.01
GGT>50 4(25.0) 17 (65.4) 0.01 5.67 141-22.76
Fibrosis
F2 1(6.3) 1(3.8)
F3 13 (81.3) 21(80.8) 0.92
F4 2(12.5) 4 (15.4)

of HOMA IR were higher in the elevated transaminases
group (p<0.01).

DISCUSSION

In our study we found that approximately half of
the obese patients with MASH (47.2%) had normal
levels of transaminases. Biochemical assessment of
transaminases is usually performed by physicians
as markers for liver injury, however, we found a
surprisingly high proportion of patients with normal
levels enzymes. Other studies have also evaluated the
frequency of normal transaminases among patients
with MASH. For example, Uslusoy et al. ¥ evaluated
23 patients with biopsy confirmed MASH, of which 7
(30.4%) had normal transaminases, somewhat lower
than what we have found, it should be noted that the
characteristics of their study population were similar
to ours. A study performed by Francanzani et al. "
reported the frequency of MASH among patients with
normal and elevated transaminases. They found that
332 patients had MASH diagnosis, of which 37 cases
had normal ALT and 295 elevated ALT. The study by
Verma et al. ", found that among 54 patients with
MASH a total of 6 (11.1%) had normal transaminases
levels, in this case patients were diagnosed upon
hepatic biopsy. A recent meta-analysis "® have showed
that the pooled prevalence of normal ALT was 25% in
patients with MAFLD and 19% in patients with MASH;

doi: http://dx.doi.org/10.47892/rgp.2022.422.1376

however, studies showed great heterogeneity. They
also concluded that ALT value alone is not a significant
metabolic indicator and did not possess enough
accuracy for the diagnosis of MAFLD or MASH.

We evaluated the factors associated with elevation
of liver enzymes among patients with MASH, also in
patients with significant fibrosis (F2 or greater). Among
these factors we found that being male, having the
diagnosis of diabetes mellitus and having levels of GGT
above 50 U/L were associated with elevation in liver
enzymes. Also, the values of HOMA-IR and GCT were
greater in the elevated transaminases group compared
to the normal transaminases group, being statistically
significant. We did not find a relationship between
metabolic syndrome and the level of transaminases,
confirming the same findings of other authors 31415,
Nonetheless, other studies have also reported an
association between type 2 diabetes mellitus and a
higher incidence of abnormal liver enzymes compared
to individuals without diabetes, particularly ALT @22,
Mandal et al. *¥ found alterations in ALT in 41.4%
of their diabetic subjects, in this study ALT levels in
diabetic patients with MAFLD were higher compared
to patients without MAFLD. Although elevated liver
enzymes may be a marker of hepatic disease in patients
with diabetes, the evidence does not show a significant
positive correlation between hepatic histological
changes and biochemical alterations. Moreover, the
advanced degree of MASH and fibrosis may occur in
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diabetic patients without significant abnormalities in
liver enzymes @9,

In relation to insulin resistance, we found that
patients with MASH and elevated transaminases had
higher levels of HOMA-IR compared to patients with
normal transaminases. These findings are similar to
those reported by Maximos et al. ® which evidenced
that insulin resistance in adipose tissue as well as hepatic
triglyceride accumulation plays an important role in
elevated transaminases leves in patients with MAFLD.
The elevation of transaminases in the context of insulin
resistance may be a cause-effect association or an
early marker of insulin resistance *. Markers of insulin
resistance would help us identify those patients at risk
for progression of liver damage, especially in the group
of non-diabetic patients with MAFLD, where insulin
resistance plays an important role in pathogenesis ©°.

We did not find differences in the histological grade
between the group of patients with normal and elevated
transaminases, these findings are similar to those
reported by other authors 73419 It has been proposed
that histological progression may occur even in the 9
absence of elevated liver enzymes. The study by Mofrad
et al. ?” found that the whole spectrum of MAFLD can

be seen in patients regardless of transaminases levels,  10.

moreover the only interdependent factor associated
with advanced fibrosis was diabetes mellitus.

With regard to the analysis of obese patients with 11

significant fibrosis (fibrosis = 2), factors associated with
elevated transaminases were being male and levels of

GGT above 50 U/L. Previous studies have reported  12.

that elevations in GGT may be associated with risk of
MAFLD, MASH and hepatic fibrosis 529

13.

In conclusion we found that the frequency of normal
transaminases was 47.2% in obese patients with MASH.
Factors associated with elevation in liver enzymes
were being male, diagnosis of diabetes mellitus and
elevation in GCT levels. It should be noted that the
differences in the severity of fibrosis were not found in
relation to transaminases. These findings suggest that ;-
transaminases levels do not correlate with histological
liver damage and should not be used as markers for
disease progression.
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