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Purpose: Type 2 diabetes mellitus (T2DM) is associated with an increased risk of nonalco-
holic fatty liver disease (NAFLD), and the presence of T2DM tremendously drives NAFLD
progression. The use of transient elastography (TE) for assessment of NAFLD has been
increasing due to its high sensitivity and specificity. This study aimed to measure liver
stiffness in patients with T2DM and ultrasonography (USG)-diagnosed NAFLD and assess
the correlations between liver stiffness and other clinical and biochemical parameters.
Patients and Methods: This cross-sectional study assessed 205 adult patients with T2DM
and USG-diagnosed NAFLD who were being treated at a specialized endocrine private
practice in Bangladesh. All subjects underwent TE for hepatic fibrosis assessment, which
was performed using a FibroScan® 402 device. A fibrosis score >9.7 kilopascals (kPa) was
used to define advanced fibrosis (=F3).

Results: Out of 205 (65.9% female, mean age 45 + 27 years, 67.3% obese) patients, the
frequencies of Grade 1, Grade 2, and Grade 3 fatty liver on USG were 46.3%, 51.2%, and
2.4%, respectively. According to the TE results, 41 (20%) had advanced fibrosis (>F3).
Subjects with advanced fibrosis had a higher body mass index (BMI), higher levels of
alanine aminotransferase (ALT) and aspartate aminotransferase (AST), and higher frequen-
cies of individuals with elevated ALT and AST and advanced fatty liver grades on USG. The
fibrosis score (kPa) was strongly and positively correlated with age, BMI, waist circumfer-
ence, obesity, serum ALT and AST levels, and the fatty liver grade in USG; the AST:ALT
ratio did not correlate with kPa.

Conclusion: The data showed that 20% of the subjects with T2DM having NAFLD on USG
exhibited advanced fibrosis, demonstrating the need for early diagnosis and treatment of
NAFLD in T2DM. The use of TE with other serum markers can be helpful for the diagnosis
of advanced fibrosis.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) refers to a spectrum of conditions,
including simple steatosis, nonalcoholic steatohepatitis (NASH), advanced fibrosis,
cirrhosis, and hepatocellular carcinoma (HCC).! NAFLD is an emerging global
health problem with a worldwide prevalence of 25.24%. NAFLD is frequently
associated with metabolic comorbidities, including obesity, type 2 diabetes mellitus
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(T2DM), dyslipidemia, hypertension, and metabolic syn-
drome (MetS).” The global prevalences of NAFLD and
NASH among patients with T2DM are higher than those
for the general population.® In addition, NAFLD is asso-
ciated with an approximately 2.2-fold increased risk of
incident diabetes.*

Ultrasonography (USG) is the most commonly used
method for screening asymptomatic patients with sus-
pected NAFLD. USG is easy to perform and is relatively
inexpensive but is associated with variable sensitivity and
specificity.” Fibrosis staging is essential for all patients
with NAFLD to identify patients with advanced hepatic
fibrosis.® A liver biopsy is the definitive, gold-standard
method for diagnosing NAFLD and allows for the assess-
ment of hepatic steatosis, hepatocellular injury, inflamma-
tion, and fibrosis. However, a biopsy is an invasive
procedure and is often not necessary to diagnose
NAFLD.” Many non-invasive tests, including transient
elastography (TE), magnetic elastography (ME), and
acoustic radiation force impulse (ARFI), can be applied
for the assessment of hepatic fibrosis, among which TE is
the most widely used.®’

In Bangladesh, data regarding the liver stiffness mea-
surement (LSM) among patients with T2DM are scarce. In
this study, we evaluated LSM using TE in patients with
T2DM and USG-diagnosed NAFLD and assessed the cor-
relations between LSM values and other clinical and bio-
chemical parameters.

Materials and Methods

This cross-sectional study was conducted from January to
December 2020 at a specialized endocrine private practice
in Comilla City, Bangladesh. The study population
included non-pregnant adult (age >18 years) patients
with T2DM who were diagnosed with fatty liver based
on abdominal USG examinations performed at the clinic.
Conventional B-mode liver USG was performed with
a convex 3.5-MHz probe by a single radiologist using
a Mindray DC-N3 (Shenzhen Mindray Bio-Medical
Electronics Co. Ltd., Shenzhen 518057, P.R. China).
During a USG examination, the echogenicity of a healthy
liver is equal to or minimally exceeds that of the spleen or
renal cortex; intrahepatic vessels are sharply demarcated,
and posterior aspects of the liver are well depicted. Fatty
liver is diagnosed if the liver echogenicity exceeds that of
the spleen or renal cortex, the ultrasound wave is attenu-
ated, or any loss of diaphragm definition or poor delinea-
tion of the intrahepatic architecture is observed. In this

study, fatty liver was diagnosed and graded into one of
three grades according to the severity of fat deposition as
follows:

Grade 1: Minimal diffuse increase in the fine echoes.
The liver appears bright compared against the kidney
cortex, with normal visualization of the diaphragm and
intrahepatic vessel borders.

Grade 2: Moderate diffuse increase in the fine echoes,
with slightly impaired visualization of the intrahepatic
vessels and diaphragm.

Grade 3: Marked increase in fine echoes. No or poor
visualization of intrahepatic vessels and the diaphragm,
with poor penetration of the posterior segment of the
right liver lobe.’

The eligible patients were enrolled nonselectively and
consecutively; informed written consent was obtained
from each study subject. Patients with evidence of any
other chronic liver diseases, including hepatitis B or C,
autoimmune hepatitis, or alcoholic liver disease, were
excluded from this study. Patients with clinical or ultra-
sound evidence of decompensated cirrhosis, cardiac fail-
ure, and hepatic congestion were excluded. Patients on
hepatotoxic medications, such as methotrexate or those
on drugs that cause fatty changes to the liver (eg amiodar-
one, sodium valproate, or tetracycline) were also excluded.
In addition, those who could not undergo TE examinations
due to very high (>40 kg/m?) body mass index (BMI) or
other reasons were also excluded.

Data were collected using a semi-structured, prede-
signed case record form. Demographic data on sex, age,
and area of residence were obtained for each patient.
Standing height was measured to within 1 mm, without
shoes, using wall-mounted stadiometers. Measurement of
body weight was performed to within 0.5 kg using
a standard weight measuring device placed on a hard, flat
surface in light clothing and without shoes. BMI was
calculated by dividing weight in kg by the square of height
in meters. Waist circumference (WC) was measured to
within 0.5 mm with the subject standing and at the end
of a gentle expiration using a plastic tape measure at the
midpoint between the costal margins and the iliac crests in
the mid-axillary line. We used BMI categories applicable
to Asian Indians to determine obesity status.®

A fasting venous blood sample was collected; alanine
aminotransferase  (ALT), aspartate aminotransferase
(AST), glycated hemoglobin (HbAlc), and fasting lipid
profile were measured. For each patient, the AST:ALT
ratio was calculated. Serum AST (normal range <37
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units/L) and ALT (normal range <40 units/L) were mea-
sured by Ortho Clinical VITROS™ 250 Chemistry System
(Ortho Clinical Diagnostics, Ramsey, MN 55303, USA)
using the reflectospectrophotometric method. HbAlc was
measured using the Bio-Rad D-10® HPLC analyzer (Bio-
Rad Laboratories, CA, USA) using ionic exchange high-
performance liquid chromatography (HPLC). Lipids were
measured by the Dimension® EXL™ 200 Integrated
Chemistry System (Siemens Healthcare Diagnostics Inc.,
Newark, DE 19714-6101, USA) using the spectrophoto-
metric method. Dyslipidemia was defined according to the
cutoff values described in the Adult Treatment Panel
(ATP) III guideline.’

TE is a non-invasive, ultrasound-based technology dur-
ing which a low-frequency (50 Hz) elastic shear wave
generated by a transducer is used to propagate through
tissues. The propagation speed is proportional to the stiff-
ness of the tissues crossed, and specific software can be
used to obtain tissue stiffness measurements, expressed in
kilopascal (kPa) and ranging from 2.5 to 75 kPa. TE is an
easy, painless, and rapid procedure and is highly accepta-
ble to both patients and physicians.'® TE is considered
a unique alternative to liver biopsy among NAFLD
patients and plays a vital role in the exclusion of liver
cirrhosis.!! In this study, a trained technician, blinded to
the USG results measured LSM using the FibroScan® 402
machine (Echosens, 2010, France). Patients were advised
to fast for at least 3 hours before the examination. Probe
selection was made using an automatic probe (either M or
XL probes) selection tool embedded in the device software
that recommends the appropriate probe for everyone
according to the real-time assessment of the skin-to-liver
capsule distance. M probe was used initially unless the
device indicated the use of the XL probe. Patients were
placed in a supine position with their right arm fully
abducted, and measurements were performed by scanning
the right liver lobe through the intercostal spaces.'? The
median liver stiffness value (kPa) of the ten successful
measurements fulfilling the criteria (interquartile range/
median ratio of <30% and success rate of >60%) were
recorded. Border values of liver stiffness need to be deter-
mined in each chronic liver disease separately. Moreover,
for NAFLD, different cutoff values have been suggested
by different authors. The cutoff values suggested by
Eddowes et al are most frequently used for NAFLD sta-
ging; the cutoff values were defined as <8.1 kPa for FO-F1
(no or mild fibrosis), >8.2 kPa for F>2 (moderate fibrosis),
>9.7 kPa for F>3 (severe fibrosis), and >13.6 kPa for F4

(cirrhosis)." In a study conducted by Kumar et al among
Indian patients with NAFLD, the best LSM (kPa) cutoffs
for fibrosis stages F1, F2, F3, and F4 were 6.1, 7.0, 9.0,
and 11.8, respectively.'*

Statistical Analysis

We analyzed data using the Statistical Product and Service
Solutions (SPSS) version 26.0 software (IBM Corp.
Released 2019. IBM SPSS Statistics for Windows,
Version 26.0. Armonk, NY: IBM Corp). Categorical vari-
ables are presented as the number and percentage, and
continuous variables are presented as the mean + standard
deviation (SD) or median (interquartile range [IQR]).
Student’s #-test, chi-square test, and nonparametric tests
were used to compare variables between subjects with
advanced fibrosis (>F3) and those without advanced fibro-
sis (<F2). Spearman correlation test was used to measure
correlations between the fibrosis score (kPa) and other
variables. P-value <0.05 was considered significant.

Results

Among the 205 subjects evaluated, 65.9% were female;
the mean age was 45 + 27 years; 67.3% were obese; 98%
had central obesity. The median duration of T2DM was six
years; the mean HbAlc level was 8.8% =+ 1.7%; 32.7%
were taking lipid-lowering drugs (statins/fibrates) at the
time of evaluation; almost all (99%) had dyslipidemia.
Based on the USG evaluation, Grade 1, Grade 2, and
Grade 3 fatty liver frequencies were 46.3%, 51.2%, and
2.4%, respectively.

According to the cutoff values suggested by Eddowes et al,
74.6% had no or mild fibrosis (FO-F1), 5.4% had moderate
fibrosis (F2), 14.1% had severe fibrosis (F3), and 5.9% had
cirrhosis (F4)."* The frequencies of FO-F1, F2, F3, and F4 by
applying cutoff values suggested by Kumar et al were 62.4%,
17.1%, 12.7%, and 7.8%, respectively.'* Almost similar pro-
portion of the subjects had significant fibrosis (=F3) according
to the two cutoff criteria (20% according to Eddowes et al and
20.5% according to Kumar et al)."*'*

The study subjects without advanced fibrosis (<F2) and
those with advanced fibrosis (>F3), according to Eddowes
et al were categorized in Group 1 (n = 164, 80%) and
Group 2 (n = 41, 20%), respectively.'> Table 1 compares
the demographic, clinical, and biochemical variables
between Group 1 and Group 2. Subjects in Group 2 had
higher BMI, ALT, AST, and a higher frequency of subjects
with elevated ALT and AST values. Fatty liver grades on
USG were also significantly different between the two
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Table | Comparison of the Demographic, Clinical, and Biochemical Variables Between Group | and Group 2

Variables Group | (FO, Fl, F2) Group 2 (F3, F4) P-value
(n = 164, 80%) (n = 41, 20%)
Mean * SD or median (IQR) or n (%)

Age (years) 45+9 48 = 10 0.059
Sex

Male 57 (34.8%) 13 31.7%) 0.854

Female 107 (65.2%) 28 (68.3%)
Residence

Urban 54 (32.9%) 13 31.7%) 1.000

Rural 110 (67.1%) 28 (68.3%)
Duration of T2DM (years) 5.5 (2.0-9.0) 6.0 (3.0-0.0) 0.805
Waist circumference (cm) 9% =5 97 + 4 0.198
Body mass index (kg/m?) 287 + 32 303 +£32 0.004
Obese 105 (64.0%) 33 (80.5%) 0.062
HbAlc (%) 87+ 17 9.0+ 1.7 0.263
S. ALT (U/L) 37 (26-53) 56 (39-78) 0.003
Elevated ALT 71 (43.3%) 29 (70.7%) 0.003
S. AST (U/L) 33 (2440) 46 (37-61) <0.001
Elevated AST 63 (38.4%) 31 (75.6%) <0.001
AST: ALT ratio 0.88 £ 0.28 0.96 + 0.35 0.130
Total cholesterol (mg/dL) 202 + 44 195 + 43 0.272
LDL-cholesterol (mg/dL) 122 + 39 112 £ 40 0.150
HDL-cholesterol (mg/dL) 37+8 379 0.832
Triglyceride (mg/dL) 206 (157-312) 226 (160-327) 0.650
Fatty liver grade in USG (%)

Grade | 85 (51.8%) 10 (24.4%) <0.001

Grade 2 78 (47.6%) 27 (65.9%)

Grade 3 1 (0.6%) 4 (9.8%)

Notes: P-values by Student’s t-test, chi-square test, or Mann—Whitney U-test, as applicable.
Abbreviations: F, fibrosis; SD, standard deviation; IQR, interquartile range; T2DM, type 2 diabetes mellitus; HbAlc, glycated hemoglobin; S., serum; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; LDL, low-density lipoprotein; HDL, high-density lipoprotein; USG, ultrasonography.

groups, with Group 2 having higher frequencies of
advanced fatty liver grades on USG than Group 1.
Correlations between LSM assessed as fibrosis scores
(kPa) and other variables are shown in Table 2. LSM was
strongly and positively correlated with age, BMI, WC,
obesity, serum ALT and AST levels, and the fatty liver
grade in USG in the study subjects. In group 1, positive
correlations of kPa were observed with sex, BMI, WC,
obesity, serum ALT, AST, and triglyceride levels. None of

the variables correlated with kPa in group 2 except the
fatty liver grade in USG.

Discussion

In concert with increased obesity and MetS prevalence
rates, the worldwide prevalence of NAFLD has increased
dramatically in recent decades.' The overall prevalence of
NAFLD in Western countries varies from 15% to 40%,
whereas the prevalence in Asian countries varies from 9%
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Table 2 Correlations Between Fibrosis Score (kPa) and Other Variables
Variables All Patients (N = 205) Group | (n = 164) Group 2 (n = 41)
Correlation P-value Correlation P-value Correlation P-value
Coefficient Coefficient Coefficient

Age 0.165 0.018 0.089 0.256 0.115 0.472
Sex 0.093 0.185 0.180 0.021 —-0.122 0.447
Duration of T2DM | 0.011 0.872 —0.011 0.891 —-0.035 0.827
BMI 0.404 <0.001 0.410 <0.001 0.273 0.085
WwC 0.278 <0.001 0.268 0.001 0.233 0.142
Obesity 0.306 <0.001 0.308 <0.001 0.221 0.164
HbAlc 0.062 0.374 0.016 0.838 —0.086 0.591
ALT 0.311 <0.001 0.198 0.011 —0.133 0.406
AST 0.383 <0.001 0.201 0.010 0.079 0.622
AST:ALT ratio 0.017 0.810 —0.100 0.201 0.280 0.076
Total cholesterol —0.063 0.373 0.001 0.987 0.061 0.707
LDL-cholesterol —0.050 0.477 0.019 0.813 0.186 0.244
HDL-cholesterol 0.057 0.418 0.107 0.172 —0.028 0.864
Triglyceride 0.118 0.093 0.176 0.024 —0.249 0.117
Fatty liver grade in | 0.143 0.041 0.053 0.499 0.344 0.028
USG

Notes: By Spearman correlation tests.

Abbreviations: T2DM, type 2 diabetes mellitus; BMI, body mass index; WC, waist circumference; HbAlc, hemoglobin Alc; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; LDL, low-density lipoprotein; HDL, high-density lipoprotein; USG, ultrasonography.

to 40%.'® In Bangladesh, Alam et al found the overall
prevalence of NAFLD was 33.86% in a recent study.'’
Both diabetes and prediabetes are associated with
increased risks of NAFLD. Compared to subjects with
fasting plasma glucose <6.1 mmol/L, the odds ratio for
developing NAFLD among subjects with impaired fasting
glucose and T2DM was 1.35 and 1.40, respectively, in
a recent study.'® The reported prevalence of NAFLD in
T2DM patients is highly variable, ranging from 29.6% to
87.1% in the available literature.'® Current estimates indi-
cate that approximately 10-20% of patients with NAFLD
will develop into NASH, increasing the risk of liver
advanced fibrosis or cirrhosis.?’ The presence of diabetes
tremendously drives NAFLD progression to NASH, cir-
rhosis, and even HCC in the final stages.”'

The prevalence of advanced liver fibrosis in T2DM
patients with NAFLD is highly variable among studies
due to differences in the cutoff values used to define
fibrosis stages.”” >* Using TE, the prevalence of advanced
fibrosis (>F3) observed by other researchers is summar-
ized in Table 3. In the present study, 20% of patients with
NAFLD had advanced fibrosis, which was higher than that
reported by previous studies using similar cutoff values
and lower than most other studies that used a lower cutoff
value.**?® Apart from cutoff values used, ethnic differ-
ences in the severity of fibrosis associated with diabetic
NAFLD affect the prevalence of advanced fibrosis.>* Due
to a lack of data, we could not compare the frequency of
advanced fibrosis in patients with T2DM with that for the
general population.

Table 3 Prevalence of Advanced Fibrosis (2F3) Observed by Other Authors Using Various Cutoff Values for kPa

Author’s Name Country F3 Cutoff (kPa) Prevalence of Advanced Fibrosis
Chen et al*? Singapore 29.6 13.08%
Lai et al? Malaysia 29.6 21.0%
Fallatah et al** Saudi Arabia >9.1 36.1%
Tewari et al*® India >9.6 27.2%
Lomonaco et al*® United States of America 29.7 9.0%
Ciardullo et al*’ United States of America 29.7 15.4%
Tuong et al*® Vietnam 28.7 5.9%
Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14 https: 3093

Dove!


https://www.dovepress.com
https://www.dovepress.com

Alam et al

Dove

We found no difference in age between subjects with
and without advanced fibrosis, although age was strongly
correlated with the fibrosis score (kPa). Several studies
have reported that age is a factor associated with the
development and severity of liver fibrosis in NAFLD,
whereas other studies have reported that the increased
probability of liver fibrosis among T2DM patients is inde-
pendent of age.>2>?”® Similar to Chen et al and Tuong
et al, we did not observe any sex-associated influences on
fibrosis severity.”>*® By contrast, Lai et al and Fallatah
et al found that male patients are more likely to have
advanced fibrosis than female patients.”>** We found
such influence only in subjects without advanced fibrosis.

The duration of diabetes and HbAlc levels was similar
between the two groups and was not correlated with fibrosis
scores in this study. Elevated HbAlc levels have been asso-
ciated with liver fibrosis in some studies.”>** Single HbAlc
is not the reflection of glycemic control over years, which
can make correlating HbAlc results with fibrosis severity
challenging. Tewari et al observed a strong correlation
between advanced fibrosis and the duration of diabetes,>
whereas Chen et al and Tuong et al also observed no correla-
tion between fibrosis and HbA I¢, similar to our findings.?**

Subjects with advanced fibrosis had higher BMI values
than their counterparts, but WC and the frequency of
obesity were similar between the two groups in this
study. In most studies, patients with advanced fibrosis
had greater BMI and WC values and were more likely to
be obese and centrally obese.”*"*>** Most (67.3%) of our
study subjects were obese, and almost all (98%) of them
had central obesity, which may explain the similar WC and
obesity frequencies observed between the two groups.
Similar to previous studies, we observed strong positive
correlations between BMI, obesity, WC, and the fibrosis
score though such correlations were not observed in sub-
jects with advanced fibrosis in this study.

Except for a positive correlation with triglyceride level
in the subjects without advanced fibrosis, we observed no
influences of the various lipid parameters on fibrosis sever-
ity; Chen et al and Tuong et al reported no relationship
among fibrosis severity and serum lipids.?*?® This result
should be interpreted cautiously as nearly one-third
(32.7%) of our study subjects were on the lipid-lowering
agent(s). By contrast, higher TG and lower HDL were
observed among patients with T2DM and advanced fibro-
sis by Lai et al.>

Similar to the reported outcomes of previous research,
serum ALT and AST values were higher in the advanced

fibrosis group in the present study.**?**® The fibrosis
scores were strongly correlated with all the study subjects’
ALT and AST values; in subgroup analysis, such correla-
tion was not observed in the advanced fibrosis group. AST:
ALT ratio was higher in the advanced fibrosis group, but
the difference was not statistically significant; kPa value
did not correlate with the AST:ALT ratio. Fallatah et al
observed a strong positive correlation between the fibrosis
score and the AST:ALT ratio.”* NAFLD is the leading
cause of elevated ALT and AST in patients with T2DM.
Elevated serum aminotransferases in patients with NAFLD
may serve as useful markers for a clinician to suspect the
presence of NASH.>%?? Individually, ALT and AST do not
correlate very well with the severity of NAFLD always.
Normal ALT and AST levels are not uncommon in patients
with NASH; even with the entire spectrum of histological
findings of NAFLD, including active necroinflammation,
fibrosis and cirrhosis, patients may have normal ALT
values.?’ In this study, a large proportion of subjects with
advanced fibrosis had normal ALT and AST levels (29.3%
and 24.4%, respectively). By contrast, 43.3% and 38.4%
of subjects without advanced fibrosis had elevated ALT
and AST levels, respectively. Verma et al also found that
37.5% of the normal ALT group had NASH or advanced
fibrosis, whereas 53% of the elevated ALT group had no
NASH or advanced fibrosis.>® Our observation indicates
that serum aminotransferase level may not be ideal for
screening patients with more severe NAFLD because
these values can present as normal across the spectrum
of the disease.”’

USG is a cheap and easily accessible method representing
the most commonly used imaging method for NAFLD diag-
nosis. In a meta-analysis, the overall sensitivity and specificity
of USG for the detection of moderate-severe fatty liver, com-
pared to histology (the gold standard), were 84.8% and
93.6%, respectively.®' In the Rotterdam study, which included
3041 participants from the general population, steatosis, as
detected by USG, was strongly associated with the presence
of clinically relevant fibrosis (defined as LSM >8 kPa by
TE).** This study observed higher frequencies of advanced
fatty liver grades as assessed by USG, and LSM was strongly
and positively correlated with the USG grade for fatty liver,
especially in cases of advanced fibrosis. Kamali et al reported
73% sensitivity and 69% specificity for USG when detecting
fatty liver disease using TE as a standard method.*?

This study has several limitations. It was performed as
a single-center study, and the sample size was small relative
to the national NAFLD prevalence data; therefore, the study
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may not reflect the characteristics of the country. Liver
biopsy, the gold standard for NAFLD diagnosis, was not
used in this study. We did not use adjusted cutoff values of
kPa for the XL probe, which may affect the results’ accuracy.
Moreover, we did not measure hepatic steatosis using the
controlled attenuation parameter (CAP). We also obtained no
data on platelet counts and could not measure Fibrosis-4
(FIB-4) scores or AST:platelet ratio index (APRI) scores,
which are other novel non-invasive markers of liver fibrosis.

Conclusion

In our study, out of 205 USG-diagnosed NAFLD patients
with T2DM who underwent TE, 20% had advanced fibro-
sis (>F3). Advanced fibrosis was associated with higher
BMI and higher ALT and AST levels. In addition, fatty
liver grade in USG was found to help predict advanced
fibrosis. Therefore, patients with T2DM who have fatty
liver detected by USG may be further investigated by liver
stiffness measurements using TE.
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