Original Investigation

istanbul Med ] 2024; 25(2): 137-42
DOI: 10.4274/imj.galenos.2024.36824

Features of the Liver Sonoelastography Findings in Patients
with Type 1 Diabetes Mellitus in Childhood

@ Hanife Giilden Diizkahr!, @ Elif Sobii2, ® Ridvan Dizman!, ® Omer Aydiner!

TUniversity of Health Sciences Turkey, Kartal Dr. Liitfi Kirdar City Hospital, Clinic of Radiology, istanbul, Turkey
20skiidar University Faculty of Medicine, Department of Pediatric Endocrinology, istanbul, Turkey

ABSTRACT

Introduction: The prevalence and association of type 1 diabetes mellitus (T1D) and non-alcoholic fatty liver disease (NAFLD) have been
explored; however, no study has examined liver parenchyma elasticity in pediatric T1D patients without NAFLD. Two-dimensional
shear wave sonoelastography (2D-SWE) can effectively detect and grade fibrosis in liver diseases that can be seen in T1D patients. The
aim of this study was to analyze the 2D-SWE results of the liver in T1D children without NAFLD to identify any potential effects early.

Methods: This prospective case-control study included 53 T1D patients (11.443.2 years) and 50 healthy children [12.5 (6) years].
None of the individuals were obese. Both groups had normal grayscale echogenicity, lipid profiles, and liver enzyme levels, ruling out
NAFLD. The mean elasticity value was calculated as kiloPascal (kPa) by measuring in the right lobe of the liver. Correlations between
elasticity and aspartate aminotransferase (AST), alanine aminotransferase, fasting blood glucose (FBG), duration of diabetes mellitus,
and hemoglobin A1c (HbA1c) were evaluated and compared. P<0.05 indicates statistical significance.

Results: T1D had a higher liver 2D-SWE [5.4 (2.5) kPa] than controls (4.5+0.8 kPa) (p<0.05). T1D had a lower AST and a higher FBG
than controls (p<0.05). The mean HbA1c of T1D was 8.3(2.4) mmol/mol and correlated with the duration of diabetes. FBG values and
kPa values were correlated (p<0.001). There was no correlation between other variables and liver kPa (all; p>0.05).

Conclusion: Although liver function tests, lipid profiles, and grayscale ultrasonography showed no abnormalities in our pediatric T1D
patients, increased liver parenchymal stiffness detected by 2D-SWE compared with the healthy group indicated hepatic involvement.
Therefore, 2D-SWE follow-up may help detect liver involvement and NAFLD before grayscale and laboratory findings arise. Long-term
follow-up studies involving a larger population of T1D patients would be beneficial in establishing quantitative reference values for

2D-SWE and will enhance the literature on this topic.
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Introduction

Type 1 diabetes mellitus (T1D) is frequent among wealthy children and
is associated with metabolic dysregulation and liver abnormalities. The
primary cause is autoimmune damage to pancreatic insulin-secreting
beta cells (1). Organ-specific autoantibodies in patients with T1D indicate
several immunological disorders (2). The autoimmune mechanism
that leads to this disease may potentially produce autoimmune
hepatitis (AIH), according to the literature (1). AIH type 2 liver/kidney
microsomal autoantibodies target cytochrome P4502D6, whereas T1D
carboxypeptidase H3357 shares an amino acid motif. Other organs
with comparable protein sequences can be affected by tissue-specific
autoantibodies. This cross-reactive immunological mechanism can
induce autoimmune illness in susceptible individuals (2). Non-alcoholic
fatty liver disease (NAFLD) (3), the most common pediatric liver disease,
is expected to become a clinical problem as T1D patients become more

City Hospital, Clinic of Radiology, istanbul, Turkey

22

#5[m] Address for Correspondence: Hanife Giilden Diizkalir MD, University of Health Sciences Turkey, Kartal Dr. Lutfi Kirdar

obese. In patients with T1D, blood sugar and insulin fluctuations inhibit
glycogenesis and glycogenolysis and cause glycogenic hepatopathy,
whereas insulin treatments promote glycogenic accumulation. Tight
glycemic control can suddenly improve or regress GH. On ultrasound
(US), hyperechogenic liver and/or hepatomegaly may be seen in children
with T1D due to excess glycogen or fat. In T1D, they can mimic each
other and confuse the diagnosis (1,4). Steatosis, a precursor to fibrosis,
may have different Two-dimensional shear wave sonoelastography
(2D-SWE) elasticity than reversible GH. Non-invasive quantitative data
can distinguish these two illnesses and be used alongside clinical data to
diagnose and treat them. NAFLD-type liver disease has been identified as
an early indicator of metabolic disorders. Chronic hyperglycemia, poor
glycemic management, high-fat, low-carbohydrate diets, and hypoglycemia
phobia in patients with T1D may contribute. Normal-weight T1D patients
should be tested for NAFLD to reduce cardiometabolic risk (5). Liver biopsy,
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the gold standard for identifying fibrosis, is invasive, expensive, and less
common in children because it may cause pain or bleeding. Practical,
non-invasive methods are essential in daily practice (6). Standard US is
the firstimaging modality used to diagnose fatty liver, but it is insensitive
in identifying mild steatosis, differentiating it from steatohepatitis, or
staging fibrosis (7). 2D-SWE, transient elastography (TE), and point shear
wave sonoelastography (pSWE), as well as MR elastography, have been
used to non-invasively measure liver stiffness (8-10). TE, commonly
known as FibroScan, is a promising radiographic approach for staging
hepatic fibrosis that resembles liver biopsy in predicting liver-related
outcomes across chronic liver disorders. These include chronic viral
hepatitis, NAFLD, non-alcoholic steatohepatitis, AIH, and primary biliary
cirrhosis (1). Diagnostic distinguishing of T1D liver illnesses such as
AIH and glycogenic hepatopathy can be helped by 2D-SWE (11). SWE
can effectively evaluate liver fibrosis in juvenile patients with NAFLD.
Guidelines support this reliable, non-invasive method for the detection
of steatohepatitis and hepatic fibrosis (9,12).

Unlike TE, 2D-SWE analyzes tissue elasticity simultaneously with
B-mode assessment and based on anatomy. 2D-SWE uses targeted
US scanning to collect strain images of tissue responses generated by
local mechanical compression (13). SWE predicts hepatic fibrosis (14).
Quantitative maps and hardness-based elastography colors can quantify
2D-SWE homogeneity (13). SWE includes vibration-controlled transient
elastography, pSWE, and 2D-SWE. 2D-SWE generates liver tissue elasticity
maps in real time using a large tissue area. 2D-SWE region of interest
(ROI) gives a broad field of view, rapidity, high patient compliance, and
good observer [intraclass correlation coefficient (ICC): 0.93-0.95] and
interobserver (ICC: 0.88) coefficients (15).

Current guidelines indicate elastography for NAFLD suspicion, although
there is inadequate data for children (15). pSWE and 2D-SWE were not
mentioned in practice guidelines due to inadequate data (12). Further
2D-SWE research in pediatric patients is required.

There are no studies evaluating the normal elasticity of the liver
parenchyma in pediatric T1D patients. In addition, parenchymal
elasticity may have begun to be affected during the subclinical period
when NAFLD gray scale US and laboratory findings are not established.
Considering these factors, we aimed to evaluate liver findings and
clinical data with 2D-SWE in children with T1D without NAFLD and to
obtain data for early detection of possible changes in liver elasticity.

Methods

This study was conducted in accordance with the Helsinki Declaration’s
standards. University of Health Sciences Turkey, Kartal Dr. Lutfi Kirdar
City Hospital’s Ethics Committee approved the study (approval number:
2022/514/225/5, date: 11.05.2022). Written informed consent was
obtained from the patients’ parents.

Study Design and Population

This study was conducted as a prospective case-control study in a single
centre.

The study involved 65 pediatric patients aged 4 to 17 diagnosed with
T1D under the care of a pediatric endocrinologist. Key parameters
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assessed included age, gender, fasting blood glucose (FBG), aspartate
aminotransferase (AST), alanine aminotransferase (ALT), hemoglobin
Alc (HbA1c), duration of diabetes mellitus, gray-scale US, and
sonoelastography findings (kPa values). The inclusion criteria comprised
individuals diagnosed with T1D by a pediatric endocrinologist for at least
6 months, with a C-peptide level <1 mmol/L at diagnosis, and at least
one positive diabetes antibody (anti-insulin, anti-islet, or anti-glutamic
acid decarboxylase). In the case group, 3 patients were excluded because
of elevated body mass index (BMI) standard deviation score (SD score)
(>1) during elastography measurement; 4 patients were excluded
because current blood tests could not be obtained; 2 patients were
excluded because of concomitant hypothyroidism and celiac disease;
and 3 patients were excluded because of suspicious hyperechogenicity
in grayscale US evaluation. Consequently, the study included a total of
53 patients. Lipid panels were available for all patients with T1D in the
study, and none exhibited hyperlipidemia.

The control group comprised children aged 4 to 17, matched for age and
gender with the case group. These healthy individuals were admitted
to our clinic for various reasons, had no diagnosed diseases, showed
no abnormalities in laboratory tests, and were not on any medication.
Written informed consent was obtained from the subjects’ parents
before inclusion in the study. The exclusion criteria encompassed any
history of diseases or medication use affecting liver parenchyma and the
presence of hepatomegaly or hepatosteatosis on grayscale evaluation.
Neither the T1D patients nor the control group were obese.

Grayscale and Shear Wave Elastography Techniques

A Samsung RS85 FAN/WR device with a convex probe (CA1-7A/FR43Hz/16
cm) was used for grayscale and elastography measurements. We
evaluated liver size and the presence of steatosis using gray-scale
ultrasonography. We measured the liver size at the midclavicular line
and assessed hepatomegaly using reference values (16). We assessed
steatosis using visual analysis with optimal gain adjustment (17).
Measurements were performed blindly by a single radiologist with at
least 5 years of expertise in sonoelastography. All measurements were
performed under optimal fasting conditions. All measurements were
performed with the patient in the supine position, with the right arm in
maximal abduction and in the mid-respiratory phase. No pressure was
applied to the probe, and the operator’s hand was kept steady during
the SWE measurements. An adequate US gel was used for elasticity
measurements. The 2D-SWE technique employed in our study generates
real-time tissue elasticity maps, with harder tissues depicted in red
and softer tissues in blue (15). Shear wave speed measurements were
algebraically converted to Young’s modulus (kPa) to evaluate tissue
stiffness. Measurements were taken using a 10 mm ROI, positioned 2 cm
away from vascular structures and the subcapsular region in the right
lobe of the liver, which is less susceptible to respiratory artifacts and
offers better imaging (Figure 1). Each patient underwent 10 acceptable
measurements, with an interquartile range (IQR)/median of 30%. The
mean was recorded as the modulus of elasticity (kPa).

Analysis Technique

From the files of T1D patients, HbA1c, diabetes age, and laboratory
data were noted. In both groups, NAFLD was excluded because of the



presence of normal echogenicity, normal lipid profile, and normal liver
enzyme values on gray scale ultrasonography. The correlation between
SWE kPa values and diabetes age, ALT, AST, and FBG in the last 6 months
before the study and mean HbA1c% in the last year was studied. AST and
ALT levels lower than 35 U/L were deemed normal. The SWE kPa values
of the liver were compared between the T1D and healthy groups.

Statistical Analysis

The SPSS version 25 statistical package program was used for statistical
analyses. Descriptive statistical methods (mean, SD, number of units,
minimum-maximum, percentage) were used to summarize the data.
The Shapiro-Wilk test was used for normality tests of continuous
variables. In the case group, age, AST, and FBG variables showed a normal
distribution (p>0.05), whereas in the control group, liver size, liver kPa,
AST, and FBG variables showed a normal distribution. Statistical tests
were performed according to normality. In cases of normality, two-
group variables were analyzed by an Independent samples t-test, and in
cases of non-normality, Mann-Whitney U tests were used to investigate
the significance of differences between means. To find the relationships
between two continuous variables, Pearson correlation coefficients
were obtained in cases of normality, and Spearman-Rho correlation
coefficients were obtained in cases of non-normality. The Fisher’s
exact test was used for the independence test between two categorical
variables with two groups. The significance level was set at 0.05 for all
tests.

Results

Considering the exclusion criteria, we included 103 children: 53 with
T1D and 50 healthy controls aged 4-17 years. In the case group, age,
AST, and FBG variables were normally distributed, whereas in the

CA1-7A /FR9Hz /12.0cm
SAMSUNG 4
RS8S 4

Figure 1: ROI selection and 2D-SWE map of SWE measurements of the liver

ROI: Region of interest, 2D-SWE: Two-dimensional shear wave sonoelastography
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control group, liver size, liver kPa, AST, and FBG variables were normally
distributed (all; p>0.05).

Table 1 shows the AST, ALT, FBG, gender, age, liver size, liver SWE,
HbA1c, diabetes duration, and BMI values for the subjects. Significant
differences were observed in AST, FBG, and liver kPa values between the
case and control groups (all; p<0.05), with the case group showing higher
FBG and liver kPa values. Gender distribution was similar between the
study and control groups (p=0.207), and mean age did not significantly
differ between groups (p=0.247). The mean HbA1c (mmol/mol) in T1D
cases was 8.3 (2.4) mmol/mol. The distribution of HbA1c levels in T1D
patients (n=53) was as follows: HbA1c <7 (n=10), 7< HbA1c <9 (n=26),
9< HbA1c <11 (n=9), and HbA1c =11 (n=8). None of the T1D patients or
the control group were obese, with no statistically significant difference
in BMI values between the groups (p=0.60).

When we evaluated the correlations between age, duration of diabetes,
and HbA1c and FBG values in the T1D group, 38% correlation between
duration of diabetes and HbA1c values was significant (p<0.05), whereas
the correlations between age and FBG and HbA1c and between duration
of diabetes and FBG, which were negatively correlated, were not
significant (p=0.4, p=0.06, p=0.9, respectively).

There was no statistically significant difference in the mean values of
FBG, HbA1c, and liver kPa based on gender (p=0.274, p=0.169, and
p=0.884, respectively).

When we evaluated the correlation between liver kPa values and AST,
ALT, FBG, HbA1c, diabetes duration, and liver size; we found a significant
correlation between liver kPa and FBG (CC=0.311; p=0.001). We did not
find a significant correlation between other variables and liver kPa value
(all; p>0.05).
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Table 1. Distribution of AST, ALT, FBG, gender, age, liver size, liver SWE, HbA1c, and duration of diabetes in the groups

Case (T1D) Control p-value
AST (U/L) 18.5£5.4 21.4%6 0.011"
ALT (U/L) 12 (5.5) 11.5 (6) 0.307
FBG (mg/dL) 247.8+69.4 88.6+6.12 0.0002
Gender, n (%)
Female 32 (60.4) 35 (70) 0.2073
Male 21(39.6) 15 (30)
Age (year) 11.4£3.2 12.5 (6) 0.247?
Liver size (cm) 120.7 (18.3) 118.1+£11.2 0.228?
Liver SWE (kPA) 54 (2.5) 4.5+0.8 0.000?
HbA1c (mmol/mol) 8.3(24)
Duration of diabetes (years) 2(2)
Body mass index (kg/m?) 17.743.09 17.98+2.37 0.60

Numeric data are presented as median (interquartile range), mean + standard deviation, ': T-test, > Mann-Whitney U test, *Fisher’s exact test, AST: Aspartate aminotransferase, ALT: Alanine
aminotransferase, FBG: Fasting blood glucose, SWE: Shear wave sonoelastography, HbA1c: Hemoglobin A1c, T1D: Type 1 diabetes mellitus

Discussion

In this study, we evaluated the clinical findings and 2D-SWE liver stiffness
changes in pediatric T1D patients with normal BMI and no abnormalities
in gray scale US, liver function tests, and lipid profile. We found that liver
tissue stiffness was increased in our patients compared to the healthy
controls. In this respect, we believe that our study contributes to the
literature as a first.

In the literature, liver disease incidence in patients with T1D ranges
from 20% to 31%, whereas NAFLD incidence in the pediatric population
varies from 0% to 27% (18,19). Patients with T1D are at risk of developing
long-term liver damage, necessitating costly and invasive investigations
and treatments. Thus, the use of imaging for the early diagnosis and
monitoring of hepatopathy, along with its incorporation into guidelines,
is crucial. SWE has been reported as an effective quantitative imaging
biomarker for assessing liver parenchymal stiffness and detecting
NAFLD and is included in adult screening guidelines because of its high
sensitivity and specificity (7,9,12,20-22). Elastography is recommended
for suspected NAFLD, but 2D-SWE data in the pediatric population
are limited (23). Our findings suggest that 2D-SWE can detect liver
involvement early and accurately in pediatric T1D patients. In our
study, our 2D-SWE findings were not correlated with biopsy, but there
is a biopsy-referenced study in the literature stating that 2D-SWE is
an alternative reference standard to TE, and there is also a study
reporting that it is more effective than TE (15,24). In healthy children,
TE (FibroScan) studies reported mean liver elasticity values of 4.4-5.6
(mean 4.7) kPa (25). In the literature, reference 2D-SWE liver stiffness
values for healthy children were found to be 4.29£0.59 kPa by Galina et
al. (26) and 6.58+1.46 by Franchi-Abella et al. (27). We found a 2D-SWE
liver stiffness value of 4.5+0.8 kPa in healthy children. Our findings
will contribute to the literature because of the novelty of 2D-SWE and
limited pediatric data.

Harman et al. (28) reported that T1D is associated with an unrecognized
burden of chronic liver disease, which may be caused by oxidative
damage, lipid accumulation, glycogenosis, autophagy, and apoptotic
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factors, and that age and gender may affect the severe inflammatory
response in patients (18). However, we found no effect of gender on the
mean values of FBG, HbA1c and hepatic kPa (p>0.005). This may be due
to differences in the chronic burden of the disease or the severity of the
inflammatory response in our patients.

In the literature, there are studies that detected fatty liver in patients
with T1D (1). Chronic hyperglycemia, poor glucose control, oxidative
stress, and exogenous insulin administration are effective in intrahepatic
fat homeostasis (29). In fact, it was reported by Al-Hussaini et al. (30)
that 60% of patients with abnormal sonographic findings improved in
6 months with successful glucose management. In our study, no fatty
liver was detected sonographically in any of our T1D patients; however,
liver stiffness was increased on 2D-SWE compared with that in healthy
subjects. This may be an early imaging finding of impaired intrahepatic
fat homestasis; therefore, long-term follow-up data may be useful.

Exogenous insulin use and obesity double the risk of NAFLD in T1D
patients with poor glycemic control (HbA1c >7%) (31). Subcutaneous
insulin injections do not reach the liver via the portal vein, similar
to endogenous insulin production, suggesting insulin resistance and
increased insulin demand (29). Recent studies have also shown that
patients with T1D have higher insulin sensitivity than non-diabetics
(5). Hyperglycemia and impaired insulin clearance saturate glycogen
synthesis pathways and redirect them to lipogenic pathways, leading
to NAFLD. In our patients, high HbA1c values (median/IQR: 8.3/2.4), a
significant correlation between diabetes duration and HbA1lc, and a
significant correlation between liver kPa and FBG may support early
hepatic involvement. However, while a strong correlation between liver
stiffness and HbA1c has been reported in the literature (31); we could not
detect a significant correlation with kPa despite our high HbA1c values.
However, the strong correlation between diabetes duration and HbA1c
in our patients (p<0.05) supports long-term poor glycemic control.

In the literature, it has been reported that NAFLD can be seen in normal
weight subjects, and this may be an early warning sign of metabolic
disorder (18,19). This may be due to chronic hyperglycemia, high-fat



low-carbohydrate diet and sedentary life with concern of hypoglycemia
in T1D patients. It has also been reported in animal studies that the
fatty acid translocase CD 36, which is tightly linked to the development
of fatty liver, is significantly increased in T1D livers (18). Early diagnosis
is also important for the prevention of metabolic diseases. Therefore,
2D-SWE can be used as a quantitative imaging biomarker in the liver
follow-up of T1D patients, especially those with poor glycemic control,
even if they have normal BMI values, as in our study population, for
early diagnosis due to the risk of NAFLD development.

GH, which is a sonographic mimicking condition, may be a factor in
the variability in the incidence of NAFLD reported in the literature in
pediatric-juvenile T1D cases. Although biopsy is the gold standard for
the detection of fat content and fibrosis in the liver, its invasiveness
is a major problem in diagnosis and especially in follow-up in the
pediatric population. Steatosis, a precursor to fibrosis, may result in
higher 2D-SWE liver stiffness values than GH, a reversible condition.
The quantitative data provided by 2D-SWE in diagnosis and response to
treatment can be easily used in the pediatric population to differentiate
between reversible GH.

The increased degree of liver parenchymal stiffness on 2D-SWE in our
pediatric T1D patients compared with the healthy group may be due to
one or more of the processes mentioned above. What is important here
is to determine non-invasive methods that can be used in harmony with
the clinic in the follow-up of the cases and can also be standardized by
providing quantitative data. In the literature, it has been reported that
differences in diagnostic and identification methods play a role in the
heterogeneity in the incidence of NAFLD and that AST and ALT values are
unreliable in the detection of NAFLD (31). In this context, 2D-SWE can be
used in pediatric patients as an easily accessible imaging method with
high reproducibility and patient compliance.

Study Limitations

Our study had several limitations. First, its cross-sectional design
prevented us from establishing causal relationships because of the
lack of long-term follow-up. Additionally, the absence of histological
confirmation via liver biopsy, considered the gold standard diagnostic
method for excluding NAFLD, posed a limitation. Furthermore, the
small sample size, absence of comparative evaluation with T1D
patients with NAFLD, limited existing literature on this group, and the
inability to draw conclusions about long-term liver involvement and
NAFLD development among our patients further restricted our study’s
scope.

Conclusion

Although liver functiontests, lipid profiles, and grayscale ultrasonography
showed no abnormalities in our pediatric T1D patients, increased liver
parenchymal stiffness detected by 2D-SWE compared with the healthy
group indicated hepatic involvement. Therefore, we believe that 2D-SWE
could serve as a valuable imaging method for the early detection and
monitoring of potential hepatopathy in pediatric T1D patients. Long-
term follow-up studies involving a larger population of T1D patients
would be beneficial in establishing quantitative reference values for
2D-SWE.
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