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Abstract

To evaluate carotid elasticity by using two-dimensional strain imaging (2DSI) in type 2 diabetes mellitus (T2DM) patients ®
nonalcoholic fatty liver disease (NAFLD). 98 patients with T2DM diagnosed in our hospital were selected. All the patients were
without carotid plague, which were proved by carotid ultrasonography. According to the fatty liver classification standard, patients
were divided into three groups. There were 35 cases without NAFLD in group A, 33 cases with mild NAFLD in group B and
30 cases with moderate to severe NAFLD in group C. By using two-dimensional and M-mode ultrasound to measure the left
carotid intima-media thickness (IMT), common carotid arterial systolic diameter (Ds) and diastolic diameter (Dd). The systolic peak
velocity was measured by spectral Doppler ultrasound. The systolic global peak circumferential strain (CS), early and late systolic
global circumferential strain rate (CSr) were measured by 2DSI. The stiffness parameters $1 and 2 were calculated by M-mode
ultrasound and 2DSI separately. Among three groups, the Ds, Dd and systolic peak velocity showed no significant difference (all
P> .05). In group C, IMT and 1 were obviously increased than those of groups A and B (all P < .05). Compared groups A and
B, there were no significant difference in IMT and 1 (all P > .05). 2 was higher in groups B and C than those in group A, CS,
CSr were lower in groups B and C than those in group A (both P > .05). The carotid elasticity of T2DM patients with NAFLD can
be evaluated by 2DSI.

Abbreviations: T2DM = type 2 diabetes mellitus, 2DSI = two-dimensional strain imaging, ALT = alanine aminotransferase,
AST = aspartate aminotransferase, BMI = body mass index, CS = circumferential strain, CSr = circumferential strain rate, DBP
= diastolic blood pressure, Dd = diastolic diameter, Ds = systolic diameter, FBG = fasting blood glucose, HbA1c = glycosylated
hemoglobin, IMT = intima-media thickness, IR = insulin resistance, NAFLD = nonalcoholic fatty liver disease, NASH = nonalcoholic
steatohepatitis, SBP = systolic blood pressure, TG = triglyceride.

Keywords: carotid elasticity, non-alcoholic fatty liver disease, two-dimensional strain imaging, type 2 diabetes mellitus

1. Introduction

Nonalcoholic fatty liver disease (NAFLD) is defined as at
least 5% fat accumulate (steatosis) in hepatocytes, while
patients have neither previous history of excessive alcoholic
consumption nor any other liver diseases./"?! NAFLD is a
serious metabolic abnormality. The pathological manifesta-
tions of NAFLD are massive accumulation of fat in the liver
parenchyma and abnormal increase of liver enzymes. Both of
them can lead to liver steatosis and inflammation, and cause
liver cell injury and apoptosis. Due to the above pathological
changes, the liver metabolism function will be reduced and
the volume of liver will be enlarged. NAFLD, at present, has
become one of the most crucial causes of chronic liver dis-
ease.’ In addition, the prevalence and incidence of NAFLD
in China are also increasing, which not only seriously affect
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people’s health status, but also pose a certain burden to the
economy. Due to the high prevalence of NAFLD across the
country, more and more people pay attention to it. Type 2
diabetes mellitus (T2DM), insulin resistance (IR) and obe-
sity is closely connected with the development of NAFLD.]
With the improvement of the quality of life, the number of
obese people is increasing. Obese individuals have abnormal
increase of lipids in non-adipose tissues, which can lead to
the dysfunction of obesity-related organs. Due to the meta-
bolic abnormities, the incidence of cardiometabolic complica-
tions, such as T2DM and NAFLD, is higher in obese patients.
And the risk of cardiovascular diseases is correspondingly
increased. NAFLD often coexists with T2DM, Zobair M et
al'®l suggested more than half of T2DM patients also have
NAFLD all over the world. In addition to that, the view of
NAFLD is a risk factor for T2DM have been revealed by some
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studies.”8! Compare with normal controls, the prevalence of
T2DM in NAFLD patients is 5 times increased, and NAFLD
is also convinced to have a strong bi-directional relationship
with T2DM."8I NAFLD and T2DM can increase the risk of
cardiovascular disease, which is the most common cause of
death among patients with NAFLD." Therefore, early assess-
ment of cardiovascular disease risk in T2DM patients with
NAFLD is particularly important.

Two-dimensional strain imaging (2DSI), as a noninvasive
ultrasound imaging technique, can track the movement of tis-
sues in region of interest through the way of frame by frame, so
it can achieve the purpose of evaluating tissular function and
elasticity quantitatively.'®'!I Carotid atherosclerosis has a close
association with the risk of cardiovascular disease. And because
the position of carotid artery is shallow and fixed, it is easy to
be detected and can be shown clearly by ultrasound. Arterial
stiffness can be used to predict the risk of cardiovascular dis-
ease. Therefore, our study was aimed to evaluate the elasticity
of carotid artery in the T2DM patients, by using 2DSI.

2. Methods
2.1. Study population

Inpatients who were diagnosed with T2DM in endocrinology
department of our hospital from October 2020 to November
2021, and in line with following criteria at the same time,
including without plaque in conventional examination of
carotid ultrasound, intima-media thickness (IMT) <1.5 mm. e-
jection fraction 250% and T2DM duration is 5 to 10 years,
were collected. The diagnostic criteria for NAFLD were con-
formed to the practical guidelines for the diagnosis and manage-
ment of NAFLD, as issued by American association in 2017.112
According to the guidelines for the diagnosis and treatment of
NAFLD,"3 all NAFLD patients diagnosed by liver ultrasound
were divided into three groups: there were 35 individuals with-
out NAFLD in group A, including 20 males and 15 females,
aged from 25 to 56 years with an average age of 45.8 = 8.3
years, 33 individuals with moderate NAFLD in group B, includ-
ing 21 males and 12 females, aged from 27 to 58 years with
an average age of 48.3 = 6.5 years, while 30 individuals with
moderate to severe NAFLD in group C, including 18 males and
12 females, aged from 30 to 55 years with an average age of
46.2 + 7.1 years.

Exclusion criteria included: patients with history of cardio-
myopathy, congenital heart disease and other cardiovascular
and cerebrovascular diseases; obese and hypertensive patients;
patients with complications of diabetes; patients with severe
liver and kidney dysfunctions such as cirrhosis and renal failure.

All participants were given written informed consent, and the
study was approved by the local Ethics Committee.

2.2. Instruments and methods

2.2.1. General clinical parameters. All essential data of
each selected patients were recorded, which involved sex, age,
duration of diabetes, height, body mass, resting heart rate
and blood pressure, and we calculated their body mass index
(BMI). Venous blood samples were obtained in the morning
for measuring fasting blood glucose (FBG). The following
biochemical parameters were determined by automatic
biochemical analyzer: glycosylated hemoglobin (HbA1c),
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), total cholesterol, triglyceride (TG), high density
lipoprotein cholesterol, and low-density lipoprotein cholesterol.

2.2.2. Carotidultrasound. Theultrasound diagnosticinstrument
of GE Vivid E9, equipped with a frequency ranged from 5.5 to
11.0 MHz vascular probe of 11 L, was used to measure IMT in this
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study, and it was connected with synchronous electrocardiogram.
We asked participants to lie down in a supine position without
pillow under their head, then head turned towards the right and
tilted their head back as far as possible for fully exposing their
necks. When the long axis image of the left common carotid was
shown in two-dimensional, adjusted the probe until the intima-
media was shown most clearly. Subsequently, we put the probe
at the left common carotid artery within 1.0 to 1.5c¢m of the
bifurcation in the longitudinal plane, at the end of diastole, the
thickness of posterior wall of the common carotid artery was
measured. While the common carotid arterial systolic diameter
(Ds), the common carotid arterial diastolic diameter (Dd) and
the systolic peak velocity (PSV) were measured by M-mode and
spectral Doppler ultrasonography, the vessel wall motility (AD,
AD = Ds-Dd) and the stiffness parameter of carotid artery (1,
B1 =In (SBP/diastolic blood pressure (DBP)/[(Ds-Dd)/Dd] were
calculated by the above formula, where SBP and DBP are systolic
and diastolic blood pressure, respectively). In this experiment, all
of the data were rendered as the average values of three times.

2.2.3.2DSI. We switched the equipment to M5S probe (frequency
of 2.3-4.6 MHz), placed a 100 mL saline bag above the patients’
left common carotid artery. The short axis images of left common
carotid artery, 1.5cm below the bifurcation, were collected and
stored in the hard disk. The patients were required to hold their
breath during the process of images acquisition. Besides, three
cardiac cycles were recorded consecutively on each image. Then,
under the offline condition, the Echo PAC software, which was
equipped with the ultrasound equipment, was used for analyzing
the images that we recorded before. Manually depicted the intima
of the vessel and adjusted the width of the region of interest to
make it consistent with the thickness of the vessel wall. The
software can automatically track the motion of the blood vessel
wall, so the curves of the systolic global peak circumferential
strain (CS), the early and late systolic global circumferential strain
rate (CSr) of the left common carotid artery can be obtained.
Finally, the carotid stiffness parameter ($2) was calculated by the
following formula: $2 = In (SBP/DBP)/CS.

2.3. Repeatability test

Twenty-five patients were randomly selected from all partici-
pants. Two sonographers used 2DSI technique to measure the
left carotid strain parameters, involved CS, early and late sys-
tolic global CSr in these patients. By one of the sonographers,
the same measurements were taken again in these 25 patients,
and the correlation coefficients between and within observers
were calculated.

2.4. Statistical analysis

The statistical analysis of research was using the SPSS version
26.0, and quantitative data are manifested as the mean = stan-
dard deviation. One-way analysis of variance was performed
to test for significant differences among the three groups, and
the comparisons of quantitative data among the three groups
were compared by using the y? test, while among the two groups
were LSD ¢ test. The parameters’ correlation was assessed by
Pearson correlation analysis. P <.05 was regarded as statisti-
cally significant.

3. Results

3.1. Clinical characteristics

Among three groups, there were no significant differences in age,
sex, heart rate, SBP, DBP, FBG, total cholesterol, high density lipo-
protein cholesterol, and low-density lipoprotein cholesterol (all
P > .05). Compared with group A and group B, we found BMI
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Comparison of general clinical and biochemical parameters among 3 groups (__x = s).

Clinical and biochemical parameters Group A (n = 35)

Group B (n =33)

Group C (n = 30)

Age (y) 458 +8.3
Male/female ratio 20/15

Heart rate (rates/min) 72.86 = 7.69
BMI (kg/m?) 2415+ 216
SBP (mm Hg) 126.03 + 5.51
DBP (mm Hg) 75.80 + 7.36
FBG (mmol/L) 8.49 +1.66
HbA1c (%) 7.99 + 1.92
ALT (UN) 20.97 £ 6.24
AST (U/1) 17.52 £ 4.79
TC (mmol/L) 5.46 +1.06
TG (mmol/L) 1.563 £ 0.55
HDL-C (mmol/L) 1.55 +0.59
LDL-C (mmol/L) 2.78 £ 0.47

483 +6.5 462 +71
21112 18/12

74.95 + 9.47 77.04 +10.31
25.78 + 2.37 27.20 £ 3.26""
126.52 +5.83 127.5+6.84
77.42 + 5,53 7783 +7.72
8.90 =1.79 8.92 = 2.00
8.52+214 9.91 +2.08""
33.95 +9.98' 52.20 = 21.79'1
29.27 £ 5.24 35.78 = 11.02'1
542 £1.42 522 +1.36
2.05+1.11 2.63+1.28'"
1.33+047 1.32+0.38
2.89 = 0.86 3.10+0.91

BMI = body mass index, SBP = systolic blood pressure, DBP = diastolic blood pressure, FBG = fasting blood glucose, HbA1c = glycosylated hemoglobin, ALT = alanine aminotransferase, AST = aspartate
aminotransferase, TC = total cholesterol, TG = triglyceride, HDL-C = high density lipoprotein cholesterol, LDL-C = low-density lipoprotein cholesterol.

*P < .05, compared with group A.
1P < .05, compared with group B.

and HbAlc¢ in group C were increased (all P < .05), while there
were no significant differences were shown between group A and
B (all P > .05). The values of ALT, AST, and TG in three groups
showed significant differences (all P <.05),and ALT, AST, and TG
levels in group C were higher than those in groups A and B, these
levels in group B were higher than those in group A (Table 1).

3.2. Conventional ultrasound parameters

Among three groups, the values of Ds, Dd, AD, and PSV showed
no significant differences. Besides, the values of IMT and 1 in
group C were higher than those in groups A and B (all P < .05),
while no obvious differences were found between groups A and
B (all P > .05) (Table 2).

3.3. 2DSI parameters

The carotid artery 2DSI parameters of Cs, the early and late sys-
tolic global CSr in group C were significantly decreased, when
compared with groups A and B (all P < .05). In addition, the
carotid stiffness values ($2) in groups B and C were higher than
those in group A, and compared with group B, B2 in group C
displayed higher stiffness values (Table 3, Figs. 1 and 2).

3.4. Correlation analysis

The systolic global peak CS, the early and late systolic global
CSr and B2 in three groups were expressed negative correlations

Comparison of carotid artery conventional ultrasound
parameters among 3 groups (__x £ s).

Parameters Group A (n = 35) Group B (n = 33) Group C (n =30)

IMT (mm) 0.64+0.12 0.66 =0.14 0.83 +0.19"
Ds (mm) 6.95+0.52 7.06+0.48 714 +0.39
Dd (mm) 6.40 +0.45 6.49 + 0.41 6.54 +0.39
D (mm) 0.60 = 0.11 0.57+0.09 0.59+0.10
B 556 +1.72 5.60 = 1.44 6.02 +1.24"1
PSV (cm/s) 59.87 £11.23 58.43 £ 10.94 58.52 + 10.56

IMT = intima-media thickness, Ds = systolic diameter, Dd = diastolic diameter, D = systolic
diameter (Ds) - diastolic diameter (Dd), PSV = systolic peak velocity.

*P < .05, compared with group A.

1P < .05, compared with group B.

Comparison of two-dimensional strain parameters of carotid
artery in 3 groups (__x = s).

Group A Group B Group C
Parameters (n=35) (n=33) (n =30)
CS(%) 857+190 6.99+191" 543+1.30"
The early systolic global CSr(s")  1.01+0.34 0.82+027 0.69+0.16"
The late systolic global CSr (s")  -0.45+0.10 -0.39+0.10° -0.350.12"1
p2 0.06 £0.02 0.08+0.02° 0.09+0.01"

CS = circumferential strain, CSr = circumferential strain rate.
*P < .05, compared with group A.
1P < .05, compared with group B.

(r=-0.807, -0.611, -0.510, P < .01). The stiffness parameters
of B1 and B2 were positively correlated (r=0.504, P <.01).
Among three groups, the value of CS, CSr were negatively
correlated with HbAlc (r = -0.425, -0.448, -0.405, P <.01).
However, there were no correlation among the value of CS, CSr,
and IMT among 3 groups (all P >.035).

3.5. Repeatability test

The intra-observer intraclass correlation coefficient values of
carotid strain parameter CS, early and late systolic global CSr,
which we obtained by 2DSI, is 0.829 to 0.922, and interobserver
intraclass correlation coefficient values is 0.794 to 0.899 (Table 4).

4. Discussion

NAFLD can be divided into two types, one is defined as non-al-
coholic fatty liver, the triglycerides exceedingly accumulate in
the liver parenchyma is the feature of it, while there was no
liver cell injury and inflammation, and the other one is more
severe, may evolve into cirrhosis, liver cancer and liver failure,
defined as non-alcoholic steatohepatitis (NASH).'¥ NAFLD
and its subtype NASH are common in adults and even children.
As a progressive disease, NAFLD can evolve into NASH, which
undergoes a slow process and then evolve into liver fibrosis. And
compare to NAFLD, NASH patients often have more severe
carotid atherosclerosis. For these reasons, NASH, the more
severe phenotype of NAFLD, is gradually turn into the leading
cause of liver transplantation. There is a complex bidirectional
relationship between NAFLD and T2DM, NAFLD can increase
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Figure 2. The systolic global peak CS curves of CCA in group A, B, and C. CS = circumferential strain.

Reliability analysis of two-dimensional strain measurement of carotid artery.

Intra-observer

Inter-observer

Parameters ICC 95% consistency limit P ICC 95% consistency limit P

CS 0.922 0.831-0.965 <.001 0.899 0.784-0.954 <.001
The early systolic global CSr (s) 0.878 0.742-0.944 <.001 0.848 0.685-0.930 <.001
The late systolic global CSr () 0.829 0.650-0.921 <.001 0.794 0.586-0.904 <.001

CS = circumferential strain, CSr = circumferential strain rate, ICC = intraclass correlation coefficient.

the incidence of T2DM by IR, so about 75% of T2DM patients
suffer from NAFLD.I''9l [n addition, T2DM is an important
risk factor in the progression of NASH evolve into cirrhosis and
hepatocellular carcinoma, and prediabetes may be a sign of fur-
ther development of NAFLD. Although NAFLD mainly occurs
in the liver, it can also cause multiple organ diseases, such as car-
diovascular disease, T2DM and a variety of endocrine diseases
et al.'>7181 The patients with T2DM and NAFLD are more
likely to occur cardiovascular diseases, because both of them
are closely associated with the development of atherosclerosis,
which is an important pathophysiological factor in the occur-
rence of cardiovascular diseases, and the carotid is a common
site of atherosclerosis.!'*-2!!

Carotid atherosclerosis is common in patients with T2DM,
and patients with T2DM are more prone to suffer from car-
diovascular complications. Metabolic syndrome is a risk factor
for atherosclerosis, and the hepatic manifestation of this syn-
drome is NAFLD. NAFLD can lead to endothelial dysfunction,
which result in increased cardiovascular morbidity and mor-
tality in patients with NAFLD. When carotid atherosclerosis
occurs, lots of fat accumulate in the wall of arteries, which lead
to a series of pathological changes, including vascular endo-
thelial dysfunction, fibrous thickening of the vascular wall and
the formation of plaque. These changes then result in carotid
artery stenosis and reduce its elasticity.?? The maker of athero-
sclerosis is carotid IMT, it not only has certain significance for
early diagnosis of atherosclerosis, but also is considered as an

independent predictor of cardiovascular risk.?’ Targher et all>
found that the cervical artery IMT in NAFLD patients was sig-
nificantly thicker than that in the control group. And the results
of research conducted by Kamran et al®! also showed that
patients with NAFLD were more likely to have the thickening
IMT compared with general population. Although, in our study,
there were no statistical differences in IMT between groups A
and B, IMT in group C was thicker than that in groups A and
B. It showed that the thickening of carotid IMT is a progressive
process, when T2DM is combined with NAFLD, carotid IMT
will be gradually thickened with the aggravation of NAFLD.
Carotid ultrasound can be used to judge the degree of carotid
artery stenosis. It plays a momentous role during the process of
screening carotid artery stenosis. So, the measurement of carotid
IMT by ultrasound is widely used to evaluate the severity of
carotid atherosclerosis in clinic, due to the noninvasive and con-
venient advantages of ultrasound. In recent years, ultrasound is
also in continuous development and progress, providing a lot of
help to clinical diagnosis. On the basis of these advantages, 2DSI
overcomes the angle dependence of Tissue Doppler and provides
new parameters for assessing tissular elasticity and function.?®!
Previously, 2DSI was used to assess cardiac function, and it
has demonstrated its advantages of measuring the function of
atrium and ventricle. For the past few years, 2DSI has been
more and more applied to arterial elasticity assessment, because
it can assess the circumferential, radial and longitudinal strain,
and perform segmental analysis of carotid artery.”” In addition,
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2DSI has great reproducibility for assessing carotid artery.?®!
IR can decrease the body’s sensitivity to insulin, NAFLD and
T2DM are significantly correlated with it. IR is not only an
important feature of T2DM, but also a main pathogenesis of
NAFLD.T2DM and NAFLD can accelerate the occurrence and
development of carotid atherosclerosis under the mechanism of
IR.””) The carotid artery is composed of three layers, namely
intima, media and adventitia. And intima lesions are the first to
occur in atherosclerosis.®” IR can lead to hyperinsulinemia, and
result in increased lipid content in vascular smooth muscle cells
and fibroblasts.*!! Second, IR can release inflammatory factors,
damage vascular endothelial cells, reduce arterial elasticity, then
cause the increase of arterial wall stiffness.’>%! Taharboucht S.
et all®* compared 213 NAFLD patients with a control group
which was composed of 213 patients, the results showed that
patients with NAFLD were had higher incidence of carotid
atherosclerosis plaque than the control group, and there was
a remarkable correlation between NAFLD and carotid athero-
sclerosis. In our study, the CS, the early and late systolic global
CSr of groups B and C were lower than those of group A, and
these parameters in group C were lower than those in group
B. But IMT was within the normal range, suggested that the
decrease of carotid elasticity occurred earlier than the thicken-
ing of carotid intima-media in T2DM combined with NAFLD
patients. In addition, M-mode ultrasound measurements
showed that carotid artery stiffness parameter 1 was increased
in group C compared with groups A and B, and $1 in group A
showed no significant difference when compared with that in
group B. Compared the carotid artery parameter of 32 among
three groups, the 2DSI measurements showed that 2 of group
C was higher than that of groups A and B, and 2 was higher
in group B than in group A, differences were found between
groups A and B. Correlation analysis revealed that CS, the early
and late systolic global CSr were negatively correlated with 2
in each group, demonstrated that in patients of T2DM with
NAFLD, 2DSI can assess the changes of carotid elasticity earlier
than M-mode ultrasound.

T2DM patients with NAFLD often have increased IR and
glucose metabolism disorders.’) ALT is an indicator, which can
reflect the liver function. NAFLD patients are usually accompa-
nied by increased ALT level, and the increase of ALT is not only
closely related to the higher risk of NAFLD, but also associ-
ated with hepatic steatosis.?* Increased ALT activity is the main
manifestation of NAFLD patients. In a study of 524 obese chil-
dren and adolescents conducted by Lianhui Chen et al®*” showed
that in obese boys, the incidence of carotid IMT increased with
the increase of HbAlc, and use HbAlc as a diagnostic crite-
rion for diabetes may be helpful in early identification of mac-
rovascular complications. There is a certain correlation between
the occurrence of cardiovascular disease and abnormal HbAlc
level in T2DM patients.*®! In patients of T2DM with NAFLD,
abnormal blood glucose metabolism will be more prominent,
and HbA1c level will be further increased. HbAlc has a close
association with the elevation of FBG due to IR, higher levels
of HbA1c may thicken carotid IMT through IR mechanisms,
and then lead to atherosclerosis.®”! There were significant dif-
ferences in ALT, AST, TG, BMI and HbA1c levels among three
groups, and these parameters in group C were higher than those
in groups A and B. Correlation analysis among the three groups
demonstrated that CS, the early and late systolic global CSr and
HbA1c were negatively correlated, indicated that HbAlc could
promote the occurrence of carotid atherosclerosis in T2DM
patients with NAFLD.

4.1. Limitations

There are still some limitations in this study that we should not
ignore. First of all, the sample size was insufficient. The moder-
ate NAFLD and severe NAFLD were not grouped separately.
So further study is needed to refine the grouping. Besides, the
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quality of two-dimensional images has certain influence on the
accuracy of two-dimensional strain.

5. Conclusion

The results of our study indicate that 2DSI can effectively assess
the carotid artery elasticity in T2DM patients with NAFLD at
an early stage.
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