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Abstract

Background: To correlate the grades of fatty liver on ultrasuvith degree of alterations in lipid profile arider enzymesSubjects and
Methods: The prospective, analytical observational study e@sducted at a super specialty hospital baseduthdndia in 122 patients
diagnosed with fatty liver. The subjects underwdirtasonography, and lipid profile and liver enzytasts as a part of clinical evaluation.
Those with positive viral markers and on drugsraltethe various biochemical parameters were exadud\ radiologist graded the fatty
liver into 3 grades- grade |, Il and Il using thisual grading system. Statistical analyses wereiethout to determine the correlation
between the grades of fatty liver and alterationbpid profile and liver enzyme®Results: Out of the 122 selected participants, 51 subjects

were categorizedas grade |, 63 as grade Il andgBaae Il fatty liver. There was statistically sificant variation in AST, ALT and GGT
among different grades (P value < 0.05).Howevessignificant variation in the BMI was found amonafients with different grades of fatty
liver. Conclusion: The increase in serum levels of AST, ALT, and G@®nhaentrations with the increase in the grades ty faver by
ultrasonography might be useful in predicting thitlaimmation and progression of the disease. Thafiminary finding may be useful for
developing a non-invasive method for early diagnasid predicting the disease prognosis.
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Introduction

Fatty liver is a condition defined by excessive fat
accumulation in the form of triglycerides (steasdsn the
liver (> 5% of hepatocytes histologicalRIt comprises of

a wide spectrum of conditions that involve accuriofaof
triglycerides in the cytoplasm of hepatocytes. Aiety of
clinical disorders is associated with diffuse fatiyer
including obesity, malnutrition, diabetes mellitusteroid
use, alcoholic liver disease, pregnancy and hépalithas
emerged as a major health problem in developingedisas
developed countries. Non-alcoholic fatty liver dise
(NAFLD) has been identified as an independent fasitor
for cirrhosis, hepatic cancer, chronic kidney dsseaype 2
diabetes mellitus, cardiovascular disease and aalbe
mortality. NAFLD is associated with substantial romic
and healthcare burdéh. Non-alcoholic steato hepatitis
(NASH),a subtype of NAFLD, can progress to hepato
cellular carcinoma, cirrhosis, liver transplantatioand
mortality®#A 2010-2014 comprehensive estimate of 4
major liver diseases has reported fatty liver dissaas
themajor cause for liver fibrosis in global northuatries. In
addition, an estimate of 15 years has demonstrated
substantial increase in the morbidity due to altoho
associated liver disease in Europe and ’5A2017 study
has reported a stark increase in global prevaleoice

NAFLD of around one billion, with Asian countriesduing
the rise®

Early diagnosis and treatment of fatty liver isgraount to
reduce the disease burden and associated mor@didibyigh
liver biopsy has been considered as the gold stenida
diagnosing fatty liver, it is a painful and invasiprocedure
associated with the development of rare life-theeiy
complications like bleeding. Moreover, there is adent
need for simple non-invasive markers of fatty lidisease,
for the early diagnosis and prompt disease managgfhe
The present study is intended to correlate and eoenp
different grades of fatty liver on ultrasonograpth
degree of alterations in lipid profile and liverzgmes.

Subjects and Methods

The prospective, analytical observational study easied
out at a super specialty hospital based in souttialn
between November 2014 to April 2016.Ethics comraitte
approval was duly taken prior to the initiation research.
The study recruited patients undergoing ultrasouipidl
profile and liver enzyme tests as a part of thdimical
evaluation for fatty liver. Patients with viral hejis and
those on drugs (especially statins), which mayr dlfed
profile and liver enzyme levels, were excluded. gkt grom
demographic characteristics and medication histdata
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pertaining to the following parameters were cokecfrom

all the participants: total cholesterol, high-dépnsi
lipoprotein (HDL), low-density lipoprotein (LDL),
triglyceride (TG), as partate amino transferase TAS
alanine amino transferase (ALT)and gamma-glutamyl
transferase (GGT).All the ultrasound examinationsren
performed on GE Voluson pro series, Philips HD 11,
Siemens ACUSON 400 ultrasound using parasagittal,
subcostal and intercostal transducer positions sitbnvex
probe (3-5 MHz) and HI (harmonic imaging) in ON
mode® The diagnosis of fatty liver on ultrasound was
made on the basis ofthe following characteristic
sonographic features: increased echogenicity oerliv
increased liver contrast compared to kidney, vascul
blurring (mainly of portal veins),and attenuationf o
echogenic level in deep-seated dt&&The following
grading patterns were used by a radiologist for the
classification of fatty liver on ultrasourft*%!

Grade 1
Fatty liver with increased liver echogenicity comgzh to
the kidney.

Grade 2
Fatty liver in which echogenic liver obscures tioha@genic
walls of the portal venous branches.

Grade 3
Fatty liver in which the increased liver echogetyici
obscures the diaphragmatic outline

Demographic characteristics, lipid profile and theer
enzymes of the subjects were correlated and corpeith
the grades of fatty liver. The data was analyzedguSPSS
software version 18.0 (IBM, Somers, NY).

Analysisof variance(ANOVA) was performedfor the co
mparisonsof BMI andKruskal Wallis test for
comparingclinical parameters with different grades of fatty
liver. ROC curve analysis was carried out to deiteenthe
sensitivity and specificity for the cut-off valueg AST,
ALT, and GGT in differentiating mild(grade 1) and
moderate to severe (grade Il to Ill) fatty liver.

Results

The study involved 122 participants between the grgep
of 26 and 82 years, with a mean age of 49.9 ydés male
to female ratio noted was 1: 0.03 with increasedema
preponderance across all the age groups. Maximunbeu
of study participants belonged to the age grouplbb0
years. Hence, majority of the patient populationowiad
undergone US for fatty liver were middle-aged adudtes.
The number of subjects with grade I, Il and llityaliver
were 51 (41.8%) 63 (51.6 %) and 8 (6.8 %) respeltiv
There was no significant variation in the distribat of
grades among males, females and different age grdine
mean BMI noted in the respective groups were 28743
and 27.3. No significant variation in the BMI wasted
among patients with different grades of fatty liy€able 1].

Table 1: Mean, median and standard deviation notedor different clinical and demographic parameters &ross the three grades of

fatty liver
USG GRADE | BMI |LIVERSIZE |AST ALT AST/ALT  GGT _ALP_  HDL UDL VLDL TG TOT TOT
CHO CHO/HDL

| Mean 26.88| 14.28 255358 42.67 0.80 39/67 8§.38.98| 118.3| 31.89 181.2 182.6 6.374
Median 26.40| 14.20 23.30 39.00 0.60 29550 87.60.0BY7 116.5| 30.40 153.0 183.0 4.700
Std. 3.745| 1.48 12.83 23.82 1.09 26.86 30/82 1062 31.24.00 106.5| 50.42 11.06
Deviation
Minimum | 22 11 8.60 12.00 0.20 1430 39.p00 18|30 .0a2 0.00 65.000 89.10 1.40
Maximum | 41 18 81.20 162.9 6.00 159,7 223.0 79.003.2| 69.00 670.0 411.0 83.00

1l Mean 27.46| 14.35 34.26 65.73 0.56 46.0 958 38.218.2| 27.29 170.8 182.6 5.07
Median 27.30| 14.30 26.80 51.40 0.50 37/00 95.00.2(BY 115.8| 26.00 146.0 176.0 4.70
Std. 3.85 1.40 31.53 80.38 0.33 29.81 2542 8.9 31.80.91 | 119.0{ 55.12 2.66
Deviation
Minimum | 22 11 11.70 11.0 0.18 14.00 43.00 20/007.06| 0.00 47.00 84.80 2.20
Maximum | 44 18 201.0 650.0 2.07 1730 161.7 60.0078.a| 53.80 719.0 462.0 23.00

Il | Mean 29.48| 14.95 32.07 43.40 .50 52.81 89|15 .58 115.4| 25.97 159.7 167.4 4,73
Median 27.35| 14.55 32.20 46.95 0.49 4690 87.30.3B5 113.8] 29.60 150.5 1675 4.450
Std. 5.83 1.96 7.00 1554 0.17 18.34 2247 8.99 315047 5. | 88.26| 33.19 1.22
Deviation

Due to the skewed distribution of various biocheahic
parameters, median was taken as standard for csopar
among different ultrasound grades. Statistically
significant difference was noted between the median

values of AST, ALT and GGT across different grades
[Table 2].

Table 2: Comparison of various parameters across fferent fatty liver grades

Parameters | BMI LIVER AST ALT AST/AL GGT ALP HDL |VLD TG TOT TOT LDL
SIZE T L CHO CHO/HDL
P value 0.225| 0.741 0.024 0.00B  0.245 0.020 0.1717750| 0.229 | 0.534| 0.6 0.960 0.679
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For subgroup analysis, the USG grades were revised and
changed to ‘mild’, ‘moderate’ and ‘severe’ groups. The
mild group consisted of participants with ‘mild” fatty
infiltration (grade 1) at ultrasonography and the ‘moderate
to severe’ group consisted of those with either moderate or
severe fatty infiltration (grade 2 or 3) at ultrasonography.
The optimal cutoff value was calculated through the contact
point of the ROC curve and the line with slope equal to one
in which the sum of sensitivity and specificity was the
highest. The cutoff values of 25.5, 43.5.5, and 38.5 mg/dL
for AST, ALT, and GGT demonstrated sensitivity of 60%,
63%, and 63% and specificity of 60%, 70% ,and 53%
respectively in differentiating mild(grade I) and moderate to
severe (grade II to I1I) fatty liver [Figure-1].
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Figure 1: ROC curve demonstrating the sensitivity and
specificity for the cut-off values of AST, ALT, and GGT

Discussion

Fatty liver has emerged as the most common liver
problem worldwide and the disease prevalence in India
is estimated to be as high as 15%-30%. Despitethe
increased prevalence, there is ambiguity regarding the
biochemical profile of these patients. The current
study, with an adequate sample size, has attempted to
correlate serum parameters with grades of fatty liver at
ultrasonography. Majority of the patient population,
who had fatty liver on ultrasound, comprised of
middle-aged adult males. This is in compliance with
study by Leite et al., which has noted increased
prevalence of fatty liver in middle-aged males!'>"*In
the present study, mean BMI value did not vary
significantly among different grades of fatty liver. The
mean BMI noted for grade I, II and III were 26.4, 27.3
and 27.3 respectively. The median age of cohort of
patients noted byDuseja et al. was 34 (17-58) years and
the BMInoted was similar to the current study (26.7
(21.3-32.5) kg/m* and 90% (46) were males.!'¥

There is no clinically validated parameter, biomarker
or panel marker for the diagnosis of fatty lever,
especially during the early stages.'”’However,
anthropometric measures like BMI and waist-to-hip
ratio are foundto be useful by certain studies.!'® BMI
was previously considered as an important determinant

for the severity of insulin resistance. A 2011study
involving 306 patients undergoing fat protocol CT
scans has demonstrated a correlation between fatty
infiltration of the liver and abdominal fat. The
correlation was more significant with visceral fat than
subcutaneous fat.!'”In stark contrast, the present study
has not found any variation in BMI with different
grades of fatty liver. Moreover, the study has not
evaluated the association with total body fat content.
Ultrasonographic grading is based on the visual
grading system and can identify the extent and severity
of liver disease. This system has limitations and the
major one is overlap between the ultrasonographic
grades.  Sometimes  patients  with  borderline
ultrasonographic findings of moderate or severe
might be misclassified to either of the group.The
results of the current study could be deemed as more
accurate and reliable, since a radiologist
performed the liver ultrasonography, and not a
sonologist.

Sometimes the distribution of accumulated fat in the
liver is not homogenous and a localized fatty change
may masquerade as hepatic lesion. The sensitivity and
specificity of ultrasonography in detecting fatty liver is
comparatively lesser in obese patients. Ultrasound is
operator dependent and has inability to detect
small changesin liver fat content on serial scans.'® In
the present study, most of the patients had grade II
fatty liver. Whereas, across-sectional study by Mohsen
et al. has classified majority of the patients with
NAFLD into grade 1 fatty liver (mild fatty liver
disease). This difference could be attributed to the
diversity in study population.!'”

In the presentstudy,15% of patients had lipid profile
and liver enzyme values were within the normal limits.
No correlation was found between lipid profile, serum
ALP and the grades of fatty liver. Serum AST, ALT
andGGT varied significantly
with severity of fatty liver (among different grades)
at ultrasonography. The present findings are similar
tothestudy by Nimer et al. The most common enzyme
abnormalities noted by the researchers were elevated
serum ALT (47%) and GGT (45%). They also stated
that majority of the patients with fatty liver had
hypertriglyceridemia.!'®

Sanyal et al.have reported that fatty liver was
significantly associated with higher ALT and GGT, but
not ALP levels in patients with impaired glucose
toleranceand T2DM. ALT and GGT were significant
correlated with waist circumference, body mass index,
fasting insulin, homeostatic model assessment- insulin
resistance, fasting blood glucose, high density
lipoprotein cholesterol, and triglyceride.!'”)

Hamaguchi et al.have found that the abdominal
ultrasonography scoring system was associated with
the presence of metabolic syndrome
components*”’Rafeey et al. have concluded that the
severity of fatty liver at liver ultrasonography was
correlated with elevated ALT, AST, and total
cholesterol, and not with fasting blood sugarand TG.
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The controversy in the association of USG étaging measurements and serum prostate specific

antigen

with serum parameters in some of the previous studies concentration in patients with prostate enlargement

might be due to inter-observer variability bias or
limitations of the visual scaling system in grading th
severity of liver involvement at ultrasonography.
Subgroup analysis (post-heests)in the presenstudy
showed no statistically significant difference
betweenthe laboratory values of various components
of lipid profile upon comparing thdifferent
ultrasound grades. Large body of evidence indicate
that increased TG and decreased HDL levels are
associated with severity of fatty liver. Howevar,the
present study, the USG grades of fatty liver did not
correlate with increased levels of TG and decreased
levels of HDL.

SerumALP was not associatedvith the severityof f

atty infiltration at ultrasonography. This finding was in
line with theresultsof Altlparmak et af??
Total cholesterol and.DL alonecannot be considered 4.
as indicators of insulin resistance, whereas oxidized
LDL is proposed to be a better measure. Considering
this fact, correlation between ultrasonographic orgd

and total cholesterol and LDL noted in this study is

justifiable. High sensitivity C-reactive protein,
pentraxin 3, interleukin 6, cytokeratin 18 and tssu 6
polypeptide-specific antigen are the recently uledei
serum biomarkers that may assist 7.

in diagnosisand predicting the
responseo treatmentfor fatty liver 2

The present study has several limitations. Though the 8,
required sample size was achieved, total number of
cases evaluated was lesser than some of the other
reported studies. Distribution of patients in this study 9
among various grades was non-uniform with only 8
cases having grade Il fatty liver. Despite using
appropriate tests for statistical analysis to overcome
this limitation (non-parametric distribution), the
probability of bias cannot be ruled out. Visual dnad

of fatty liver is subjective with overlap betweenreth

grades. The lack of liver biopsy is another main 11.

limitation of this study and the findings could not be
confirmed histologically.

In conclusion,serumAST, ALT, andGGT concentra
tionsshowed statistically significant increase with
increasing grade of fatty liver. Since AST and ALE a
intracellular enzymes, their increase might prediet t

progression of disease in patient with fatty liver. 14

Further investigationarerecommended for the

development of non-invasive methods

laboratory biomarkers and advanced imaging
techniques taleterminethe extentof fatty liver
diseaseandthe early diagnosisof the disease, which 16.

may alter the natural course of the disease and halt
progression.

Conclusion

18.

This study showed a significant positive correlatio
between transrectal ultrasound prostate  volume

12.

like newer 15

17.

Therefore, in the absence of reliable direct biouical
measurement  of
concentration,
prostate volume is a very valuable tool

serum prostate specific antigen
sonographic measurement of trararect
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