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Diagnostic accuracy of shear wave

elastography for staging liver fibrosis 1n
diabetic patients with NAFLD

on-alcoholic fatty liver disease (NAFLD) has

become one of the leading chronic hepatic disorders
worldwide, largely as a consequence of reduced physical
activity and widespread intake of calorie-dense diets. The
burden of NAFLD is particularly pronounced in South
Asian countries, where its prevalence in India alone has
been reported to vary between 9% and 32% [1, 2].

Despite its common occurrence, the condition is
frequently underdiagnosed because many patients do
not exhibit clinical symptoms.

Pathogenetically, NAFLD encompasses a continuum of
liver alterations characterized by excessive accumulation
of triglycerides within hepatocytes. This steatotic process
can trigger hepatocellular damage, inflammatory
cascades, and progressive fibrogenesis, occurring
independently of secondary causes such as alcohol
misuse or viral infections [3, 4].

Disease expression is highly heterogeneous: although
a notable proportion of affected individuals present with
simple steatosis (non-alcoholic fatty liver, NAFL), another
subset transitions to non-alcoholic steatohepatitis
(NASH), which carries a substantial risk for advanced
fibrosis and cirrhosis if untreated. Moreover, NAFLD is
recognized as a significant contributor to cardiovascular
morbidity and liver-related outcomes, including cirrhosis
and  hepatocellular  carcinoma. Lifestyle-oriented
preventive strategies — namely structured weight loss,
regular physical activity, and dietary adjustments —
remain the cornerstone of early intervention [1, 2, 5].

A strong, bidirectional association has been
documented between NAFLD and type 2 diabetes
mellitus  (T2DM). T2DM promotes more rapid

progression of NAFLD, while individuals with NAFLD
demonstrate nearly a twofold increased risk of developing
T2DM irrespective of other metabolic risk factors [6, 7].
This risk intensifies with worsening hepatic involvement,
and global data indicate that NAFLD affects between
34% and 94% of patients with T2DM. Although liver
biopsy continues to serve as the reference method for

staging fibrosis, its invasiveness, sampling variability, and
procedural risks limit its feasibility for routine evaluation
[8]. Consequently, diverse non-invasive biomarkers and
imaging modalities have been developed to estimate the
degree of hepatic fibrosis.

Elastographic techniques have become indispensable
tools for non-invasive quantification of liver stiffness.
Several technologies are currently in use, including
transient elastography, shear wave elastography,
supersonic shear wave elastography, real-time
elastography, and magnetic resonance elastography
(MRE). Transient elastography and shear wave
elastography (SWE) are commonly adopted in clinical
practice due to their broad availability, whereas MRE,
though superior in diagnostic precision, remains limited
by its high cost and restricted access [9, 10].

Since approximately 70% of individuals with T2DM
also exhibit NAFLD — forming a fundamental
component of the metabolic syndrome — early detection
and intervention are critical to prevent progression
to cirrhosis. The increasing prevalence of NAFLD
and the variability in performance of 2D-SWE have
heightened interest in reliable, non-invasive diagnostic
methods. SWE, in particular, is advantageous because
it is affordable, safe, operator-independent, provides
real-time imaging, and allows flexible placement of the
region of interest, thereby improving the accuracy of
liver stiffness assessment and fibrosis monitoring [10,
11]. These observations form the rationale for the present
investigation.

The purpose of the study was to assess the diagnostic
accuracy of shear wave elastography for staging
liver fibrosis in patients with diabetes mellitus and
non-alcoholic fatty liver disease.

Materials and methods

A total of 140 patients with type 2 diabetes mellitus
accompanied by chronic liver pathologies, who had
undergone examination or treatment between 2017
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and 2022 at the Educational-Surgical and Educational-
Therapeutic Clinics of Azerbaijan Medical University
and at the M. Mirgasimov Republican Clinical Hospital,
were included in the study. The control group consisted
of 30 individuals without hepatic steatosis. The inclusion
criteria were as follows: age between 25 and 76 years;
absence of viral hepatitis; no hereditary, dystrophic,
or metabolic liver disorders; no general somatic or
infectious diseases; and no history of smoking or alcohol
consumption.

During the study, the stage of fibrosis was studied using
ultrasound elastometry in the main group of patients,
which included patients with non-alcoholic fatty liver
disease (steatosis) (n=40) and diabetic patients without

steatosis (n=50). The patients in the group were divided
into 4 subgroups according to the degree of fibrosis.
In this group of patients, liver fibrosis and its stages
were determined using two-dimensional transverse
(elastic) wave elastography (2D-SWE), and the effect of
non-alcoholic fatty steatosis on the results of elastometry
was evaluated. In order to clarify the possibilities of
ultrasound examination in chronic diffuse diseases of the
liver, additional B-mode examination, color and energy
Doppler mapping, and pulsed-wave Doppler scanning
were also performed in all patients. The number, age and
gender composition of the degrees of fibrosis obtained
on the basis of elastometry are shown in Table 1.

Table 1
Characteristics of patients with steatosis who underwent elastometry
Degrees of steatosis Gender Age Mean age
S1(n=14) 6 (15.0%) /8 (20.0%) 35-50 42.6+6.5
S2 (n=18) 8(20.0%)/10 (25.0%) 43-59 50.5+7.8
S3 (n=8) 2(5.0%)/6 (15.0%) 48-65 55.6+8.6

Ultrasound examination was performed on an empty
stomach, with the patient lying in the standard supine
position and the right arm placed behind the head.
The transducer was positioned longitudinally in the
intercostal space at a 90° angle to the liver capsule. The
color elastographic window was placed under visual
control at a depth of at least 1.5-2.0 cm from the capsule,
in a vessel-free area of segments VI and VII of the right
hepatic lobe. Such placement of the color window helps
avoid reverberation artifacts beneath Glisson’s capsule
and pulsation waves generated around large hepatic
vessels. The elasticity range used in the study was
0-30 kPa. The control volume was positioned in the
central part of the elastogram, taking the ultrasound
wave propagation axis as a reference.

To quantify elasticity, a series of 5 high-quality
(3-5 stable, full-color) elastograms was used. The control
volume size (KH, Q-Box) was in the range of 16-18 mm
and was performed in areas of interest of the same size.
The use of a dual-screen mode (B-mode + 2D-SWE), in
our opinion, significantly simplifies the task of locating
the control volume size in the maximally homogeneous
zone of the liver parenchyma. At the end of the
examination, the mean value of elasticity obtained from
the series of measurements (Emean) was determined.

Based on the results of transverse wave elastography
examination conducted in the main group, thresholds
for liver parenchymal stiffness indicators were
determined to determine different degrees of fibrosis —
FO-F1, F2, F3 and F4 according to METAVIR. The effect
of non-alcoholic fatty liver disease on the results of
elastometry in determining fibrosis was studied.

Statistical analysis of the obtained results was carried
out based on the assessment of diagnostic accuracy.
Correlation analysis (Spearman) and ROC analysis was
performed to obtain the thresholds of stiffness indicators.
The results of diagnostic accuracy were presented as
sensitivity (Se), specificity (Sp), negative predictive
value (NPV) and positive predictive value (PPV). The
statistical packages SPSS version 20.0.5 and Statistica
version 6.0 were used for statistical analysis.

Results and their discussion

The results of ultrasound elastography, which showed
the relationship between liver stiffness indicators and
fibrosis severity, are presented in Table 2. The obtained
data showed that with the increase in fibrosis severity from
F1 to F4, a continuous stepwise increase in parenchymal
Me stiffness was observed. There was no significant
difference between the FO and F1 subgroups (p > 0.05).

Table 2
Results of SWE in patients with nonalcoholic steatosis
Indicators Subgroups according to the stage of fibrosis (according to METAVIR)
FO F1 FO+F1 F2 F3 F4
(n=0) (n=10) (n=10) (n=13) (n=9) (n=8)
Median stiffness (Me) - 9.95 9.95 13.9 14 22
95% confidence interval - 6.8-13.0 6.8-13.0 7.2-16.1 10.6-20.7 19.4-54.8
(95% ClI)

Note: The significance of the difference between subgroups FO+F1 and F2 is p < 0.05; the significance of the difference
between subgroups F2 and F3 is p < 0.05; the significance of the difference between subgroups F3 and F4 is p < 0.05.
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Liver stiffness indices differed significantly between
the remaining subgroups (p<0.05). This relationship is
clearly demonstrated in the diagram, which is manifested
by an increase in Young’s modulus in the form of a
characteristic «median step» from the combined FO+F1
subgroup to the F4 subgroup.

In this group of patients, ROC analysis allowed us
to obtain the thresholds of stiffness indicators. The
most optimal variant of the diagnostic efficiency of the
stages of fibrosis according to METAVIR is achieved
at the following stiffness indicators: for F2 > 6.8 kPa
(sensitivity — 85.7%, specificity — 52.9%, AUROC —
0.684); for F3 > 8.5 kPa (sensitivity — 91%, specificity —
57.1%, AUROC — 0.745); for F4 > 14 kPa (sensitivity —
95.7%, specificity — 52.2%, AUROC -0.791). As can
be seen, the stiffness indicators we obtained during the
study were higher than the stiffness indicators at which
the diagnostic efficiency according to METAVIR was
most optimal.

A comparison was made between diabetic patients
with non-alcoholic steatosis of the liver in the main
group and patients in the control group (k) without
steatosis and fibrosis, as well as with a small number of
patients with FO+kF1 fibrosis. Since the stages of fibrosis
kF2, kF3, kF4 were not found in the control group, it
was not possible to compare these stages. Based on the

median stiffness (kMe) obtained from the combined
kF0+KkF1 control group patients, it was determined that
the presence of fatty changes in the liver significantly
increases the stiffness of the liver tissue. Thus, in the
combined control group (kFO+kF1) patients, the median
liver stiffness (kMe) was found to be lower than in the
corresponding subgroup of the main group (FO+F1): in
the control group -kMe=6.65 kPa (95% Cl 5.6-9.5), in
the main group — Me=9.95 (95% Cl 6.8-13.0) (p < 0.05,
AUROC =0.741).

The results obtained during elastometry were
comparable with those obtained from morphological
studies and are reflected. The Young’s modulus of each
stage differed significantly from the previous stage
(p < 0.05). When conducting a correlation analysis
between the stiffness of the liver parenchyma and the
morphological stage of fibrosis, a strong correlation was
found: at p < 0.001, the Spearman correlation coefficient
was 0.81. Thus, the obtained Youngs modulus values
correlate with the stages of the METAVIR scale. The
availability of morphologically verified data on the
METAVIR scale allowed us to perform a ROC analysis
that could determine the thresholds of liver stiffness
in order to distinguish different stages of fibrosis. The
data obtained at this time are presented in Table 3 and
Figures 1-5.

Table 3.
Liver stiffness thresholds for diagnosing different stages of liver fibrosis according to the METAVIR scale
METAVIR stage Stiffness, Area under the Standard error 95% confidence
kPa curve (AUC) interval
>F2 7.5 0.915 0.036 0.845-0.985
>F3 13.25 0.932 0.031 0.871-0.992
F4 14.90 0.930 0.028 0.876-0.985

135 88 92

Figure 1. Two-dimensional SWE to assess liver stiffness.
Result of Young’s modulus measurement. FO stage

Figure 2. Two-dimensional SWE to assess liver stiffness.
Result of Young’s modulus measurement. Stage F1
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Figure 3. Two-dimensional SWE to assess liver stiffness. Result
of Young’s modulus measurement. Stage F2

Figure 4. Two-dimensional SWE to assess liver stiffness.
Result of Young’s modulus measurement. Stage F3
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Figure 5. Two-dimensional SWE to assess liver stiffness.
Result of Young’s modulus measurement. Stage F4

Based on the data obtained, the quality of the
examination was determined to be high: the area
under the curve (AUC) in the diagnosis of fibrosis
stages (F2, F3 and F4) by METAVIR two-dimensional
SWE significantly differed from 0.500, which can be
considered as the highest informative indicator of the
diagnostic method.

By analyzing the obtained ROC-analysis data, in
particular the stiffness indicators in the studied group
of patients, we were able to obtain cut-off values for the
stages of fibrosis according to METAVIR.

Stage F2 according to METAVIR (= F2). If the
examination is approached from the point of view of
maximum sensitivity and specificity (max (Sensitivity +
Specificity) = 1.745), the cut-off value should be
7.50 kPa (sensitivity — 97.1%, specificity — 77.4%).
If the requirements for the balance of the two indicators
are taken into account, (min (Sensitivity — Specificity) =
0.013), then the cut-off value will be 11.15 kPa
(sensitivity — 82.6%, specificity — 83.9%). Our example
should be approached from the perspective of maximum
sensitivity and specificity of the test: then the Young’s
modulus threshold for the clinically significant stage of
fibrosis is 7.50 kPa, and the sensitivity and specificity of
the test are 97.1 and 77.4%, respectively.

F3 stage on METAVIR (= F3). If the examination is
approached from the point of view of maximum sensitivity
and specificity (max (Sensitivity + Specificity) = 1.808),
the threshold value should be 13.25 kPa (sensitivity —
88.3%, specificity — 92.5%). If the requirements for the
balance of the two indicators are taken into account, (min
(Sensitivity — Specificity) = 0.017), then the threshold
value will be 12.5 kPa (sensitivity — 88.3%, specificity —
90%). In cases where the sensitivities are the same, it is
necessary to approach the examination from the point
of view of the greatest specificity requirement: if the
sensitivity is 88.3%, it is 92.5%, and the threshold value
of the Young’s modulus is 13.25 kPa.

F4stageon METAVIR. Ifthe examinationisapproached
from the point of view of maximum sensitivity and
specificity (max (Sensitivity + Specificity) = 1.847), the
cut-off value should be 14.90 kPa (sensitivity — 95.6%,
specificity — 89.1%). If the requirements for the balance
of the two indicators are taken into account, (min
(Sensitivity — Specificity) = 0.002), then the cut-oft value
will be 15.35 kPa (sensitivity — 88.9%, specificity —
89.1%). In cases where the specificities are the same, it
is necessary to approach the requirement for the greatest
sensitivity of the examination: if the specificity is 89.1%,
the sensitivity is 95.6%, and the cut-off value of the
Young’s modulus is 14.90 kPa.

Thus, our study clearly demonstrates an increase in
liver stiffness in diabetic patients with hepatic steatosis
(p <0.05). In the FO + F1 subgroup, this increase was
49.6%. Our study has proven that SWE is a sufficiently
informative method for determining the stages of liver
fibrosis. This non-invasive examination can be used
to adequately assess clinically significant fibrosis in
patients with steatosis. The Young’s modulus value in the
diagnosis of clinically significant fibrosis is 7.50 kPa.
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Discussion

Type 2 diabetes mellitus and non-alcoholic fatty
liver disease commonly occur together due to shared
metabolic risk factors such as obesity and metabolic
syndrome. The presence of T2DM accelerates the
progression of NAFLD, increasing the likelihood of
cirrhosis and hepatocellular carcinoma. Therefore, early
identification of liver fibrosis is essential for preventing
advanced hepatic complications. Two-dimensional
shear wave elastography has recently been recognized
as a reliable non-invasive modality for quantifying liver
stiffness, reducing the necessity for liver biopsy and
supporting timely therapeutic decision-making [2, 10].

Some studies demonstrated a notable prevalence of
elevated liver stiffness among individuals with T2DM
and NAFLD, with stiffness values showing strong
associations with more advanced steatosis, higher HbAlc
levels, impaired glycemic control, and adverse lipid
profiles. 2D SWE proves to be an effective non-invasive
tool for evaluating the degree of fibrosis and for guiding
clinical management strategies in patients with NAFLD
and T2DM [6, 7].

Selvaraj EA, et al (2021) noted that vibration-
controlled transient elastography (VCTE), point shear
wave elastography (pSWE), 2-dimensional shear
wave elastography (2DSWE), magnetic resonance
elastography (MRE), and magnetic resonance imaging
(MRI) have been proposed as non-invasive tests for
patients with non-alcoholic fatty liver disease. They
evaluated their diagnostic accuracy for liver fibrosis
and non-alcoholic steatohepatitis (NASH). By analyzing
PubMED/MEDLINE, EMBASE and the Cochrane
Library materials (in total 82 studies (14,609 patients)
the authors independently screened and assessed
methodological quality of studies and extracted data.
According to results of meta-analysis the researchers
concluded that when elastography index tests are
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HiarHOCTMYHA TOYHICTh 3CyBHOXBMJIBOBOI elacTorpadii mis
cTagiroBaHHA (iOpo3y nmediHkm y narieHTiB 3 miadetom Ta HAXKXII

B.H. Hamxkadosa
AszepbanmKaHCBKUTI MEIVYHUV YHIBEPCUTET
Kadempa mpomeHneBoT JiarHOCTMKM Ta Tepartil

Merta. OuianTyt giarHOCTIYHY TOYHICTb 3CYBHOXBIIBOBOT eflactorpadil 1yt crasitoarss idposy medinkm
y HAIieHTiB 3 IIyKPOBUM /1iabeToM Ta HeaJIKOTOJIbHOIO XVPOBOIO XBOPOOOIO TTeUiHKIA.

Marepianmn Ta meromm. 3arasiom 140 mamieHTiB 3 mykpoBuM [iabeToM 2 THIly, IO CYIIPOBOIKYETHCS
XPOHIYHMMM MTATOJIOTISIMM TTeUiHKY, SKi IIporum odcTexxeHHs abo smikysanas Mk 2017 1 2022 pokammn. Kos-
TposbHy Tpymy ckiamm 30 ocid Oe3 creatosy meuinkm. [lin vac mocnimkenns crazio ¢ibposy Bus4am 3a mo-
IIOMOTOIO YJILTPa3BYKOBOI e/1acCTOMeTpil B OCHOBHIVI IPYIIi IAIi€HTiB, /10 K01 BXOIWIVI MALli€HTV 3 HeaJIKOI0JIb-
HUM cTeato3oM nedinky (n=40) Ta mamieHTn 3 giabetom Oe3 crearosy (n=50). [lartierTvt rpynv Oy posaineni
Ha 4 minrpymm 3a crynereM ibposy. Y nivt rpymi nartieHTiB ¢iOpo3 mediHKy Ta 1oro cTajiil BU3HaYasIvcs 3a
TIOTIOMOT0I0 JIBOBVMIiPHOI yIIbTpa3BykoBoi etactorpadii (SWE), a Takox orfiHrOBaBCsi BIUIVB HEaIKOToJIbHOIO
XXMPOBOIO CTeaTO3y Ha pe3yyIbTaTy ejlacToMeTpiil. Ha ocHOBI pesysbTaTiB JOCIiIkeHHs II0NepeYHOXBIILOBOIO
ertacrorpadiero, IIpoBeIeHOTO B OCHOBHIV TPYII, Oy/IM BU3HaUYeHi IIOPOroBi 3HaUeHH: IIOKa3HMKIB )XOPCTKOCTI
HapeHxiMy IIeUiHKM [T BU3HAYeHH: pisHmX cTyneHis (pidposy — FO-F1, F2, F3 ta F4 srinno 3 METAVIR.

PesynbsraTnt. Hartre nocrtimkeHHs eMOHCTpYe 301TbIIEHHS KOPCTKOCT] IeYiHKM Y HallieHTiB 3 liabeToM Ta
crearosoM newinku (p < 0,05). Y minrpymni FO + F1 me 36inbirenns cranoswwio 49,6%. Harrre nocrimxenns mo-
BeJIO, 1IJ0 IIoNIepeYHOXBIIbOBA Y/IbTpa3ByKoBa eflactorpadis € 4ocTaTHRO iIHPOPMaTUBHIM METOIOM JIJIs BU3-
HaueHHs craiint (pidbpo3y meuinkn. Lle HeiHBa3MBHe HOCTiHKEHHS MOXe OyTV BUKOpUCTaHe LIS aleKBaTHOL
OIiHKM KJTHIUHO 3Hauymioro ¢ibpo3y y marieHTiB 3i creatosom. 3HavueHHs Momyt FOHra mpwm miarsocTwi
KIHIYHO 3HauyIoro ¢idposy cranosuts 7,50 kI1a.

BucHoBoK. Takyum umHOM, MeTO/IM Bisyasli3allil Ha OCHOBi eylacTorpadii MaroThb HOTeHILiasl /111 CyTTEBOTO
MOKpAIIeHH S SK CKPVHIHTY, Tak i miarsoctyaHoi ominky HAXXIT y oci6 3 miaberom, TmM cammm crpmsto-
9yt GUTBI edpeKTMBHOMY JIiKyBaHHIO 3axBoproBaHHs. OCKUIBKY HOBI (papMakosIoriusi 3aco0v Ta TepareBTUIHi
crparerit s HAXKXIT ipopioBxyroTs 3'SBisTiCs, X po3po0OKa IOBMHHA CIIVPATCS Ha TOYHI, HeiHBa3VBHI Ta
BiITBOpIOBaHI iIHCTPYMEeHT OLIIHKM, 34aTHi BU3HaUaTV TSDKKICTh 3aXBOPIOBAaHHS Y IPYIax BUCOKOTO PU3VKY Ta
CITpSIMOBYBATY KJTiHIUHI piIlleHHs y NaljieHTiB 3 cynyTHIM riaberom Ta HAXKXIL

KirouoBi cj10Ba: HeasIKorosibHa X1poBa XBopoOa IediHKy, YIIbTpa3sByKoBe HOCIIKeHHS, eJ1acTOMeTpis 3
YacTKOBOIO XBIJIEI0, IiarHOCTMYHA 1iHHICTh METOITY, CIIeIUiuHICTh, Uy TUBICT.

Diagnostic accuracy of shear wave elastography for staging liver
fibrosis 1n diabetic patients with NAFLD

V.N. Najafova
Azerbaijan Medical University
Department of Radiation Diagnostics and Therapy

Aim. To assess the diagnostic accuracy of shear wave elastography for staging liver fibrosis in patients with
diabetes mellitus and non-alcoholic fatty liver disease.

Materials and methods. A total of 140 patients with type 2 diabetes mellitus accompanied by chronic liver
pathologies, who had undergone examination or treatment between 2017 and 2022. The control group consisted
of 30 individuals without hepatic steatosis. During the study, the stage of fibrosis was studied using ultrasound
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elastometry in the main group of patients, which included patients with non-alcoholic steatosis of the liver
(n=40) and diabetic patients without steatosis (n=50). The patients in the group were divided into 4 subgroups
according to the degree of fibrosis. In this group of patients, liver fibrosis and its stages were determined using
two-dimensional SWE elastography, and the effect of non-alcoholic fatty steatosis on the results of elastometry
was evaluated. Based on the results of transverse wave elastography examination conducted in the main
group, thresholds for liver parenchymal stiffness indicators were determined to determine different degrees of
fibrosis — F0-F1, F2, F3 and F4 according to METAVIR.

Results. Our study demonstrates an increase in liver stiffness in diabetic patients with hepatic steatosis
(p <0.05). In the FO + F1 subgroup, this increase was 49.6%. Our study has proven that transverse wave
ultrasound elastography is a sufficiently informative method for determining the stages of liver fibrosis.
This non-invasive examination can be used to adequately assess clinically significant fibrosis in patients
with steatosis. The Young’s modulus value in the diagnosis of clinically significant fibrosis is 7.50 kPa

Conclusion. Thus, elastography-based imaging techniques have the potential to substantially enhance
both the screening and diagnostic evaluation of NAFLD in individuals with diabetes, thereby supporting
more effective disease management. As new pharmacological agents and therapeutic strategies for NAFLD
continue to emerge, their development should rely on accurate, non-invasive, and reproducible assessment
tools capable of identifying disease severity in high-risk populations and guiding clinical decisions in
patients with concurrent diabetes and NAFLD.

Key words: nonalcoholic fatty liver disease, ultrasound, share wave elastometry, diagnostic value of the
method, specificity, sensitivity.
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