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INTRODUCTION

Atherosclerosis, the leading cause of cardiovascular mortality, is a
chronic inflammatory disease caused by hyperlipidemia and lipid
oxidation. ft affects the intima of vessels, from the aorta to the
coronary arteries, leading to the formation of intimal plaques [1].
Atherosclerosis can be detected through imaging techniques such
as radiographs and Computed Tomography (CT), where arterial
calcifications are observed, or through ultrasound, which shows an
increase in Caratid Intima Media Thickness (CIMT) [2]. Screening
mammograms are performed on asymptomatic women to detect
breast malignancies at an early and treatable stage. According to
ACS guidelines, average-risk women between the ages of 40 and
44 should undergo screening mammograms, while women aged
45 and above should have them annually. High-risk women should
start screening from the age of 30 [3]. Breast Arterial Calcifications
(BACs) are commonly seen as incidental findings on mammograms.
They are benign dystrophic calcifications found in the tunica media
of small to medium-sized muscular arteries in the breast. They are
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CIMT is a well-established surrogate marker of atherosclerosis and
is associated with cardiovascular risk tactors and outcomes. It is a
non-invasive measurement of the thickness of the innermost two
layers of the arterial wall, the tunica intima and tunica media. CIMT
is obtained through B-mode ultrasonography, which captures still
images. increased CIMT indicates diffuse arterial waii thickening,
reflecting the presence of atherosclerosis [4]. It is also used to monitor
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the progression of atherosclerosis for early medical intervention.
Vascular calcifications in the breast and increased CIMT have
both been recognised as potential markers of a woman’s risk for
coronary artery disease. Therefore, for patients incidentally detected
with BAC during screening mammography for breast cancer, the
possibility of future cardiovascutar events should be considered [4].

The aim of present study was to assess BAC, using the Grade
system, and evaluate the association between BAC and CIMT in
women undergoing screening mammagraphy.

MATERIALS AND METHODS

A cross-sectional study was conducted on 152 women who
underwent screening mammography at the Department of
Radiodiagnosis, Amala Institute of Medical Sciences, Thrissur,
Kerala, India from May 2021 to October 2022. Informed consent
was obtained from all participants, and the study received approval
from the Institutional Ethical Committee on 26/04/2021 (Ref. no. 17/
IEC/21/ AIMS-08). Consecutive sampling was performed.

inclusion criteria: Women under Gaing i
the ages of 31 years and 89 years.

y unit. Breast Arterial Calcification
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(BAC) was defined as the presence of tortuous, paraliel linear
calcified deposits along the vessel wall observed on at least one
view of a mammogram, which is an incidental finding [2]. The
mammogram images were assessed for the presence and grading

of BAC. The scoring/grading system for breast arterial calcifications
used in present study was developed by the authors after
reviewing multiple articles [2-6]. For women with BAC, the number,
length, and density of calcified vessels were evaluated using the
following criteria:

The number of calcified vessels in each breast: (average of
both breasts)

* Score 1: <2 vessels-1

e Score 2: 2-4 vessels- 2

e  Score 3: >4 vessels-3

Length of the calcified vessels; (average of both breasts)
¢ Score 1: <3 cm-1

* Score 2: 4-6 cm-2

s Score 3: 27 cm-3

Density of a calcified vessel in its densest part;

e Score 1: BAC with clear lumen-1

e Score 2: BAC with clouded lumen-2

e  Score 3: Dense BAC with non visualisation of lJumen-3

The BAC grade was calculated by summing these three numbers
and graded as:

®  Grade-l {mild): Score <3

e Crade-ll {(moderate): Score 4-6

e Grade-lll (severe). Score >7

Carotid intima Media Thickness (CIMT) was assessed using an
8-13 MHz linear transducer. CIMT measurements were taken from
two contiguous sites at 1 cm intervals, and the average of the two
measurements was used for analysis. The CIMT measurement was
reported as the average of the right and left Common Carotid Artery
(CCA) [Table/Fig-1].

STATISTICAL ANALYSIS
Statistical analysis was performed using Statistical Package for
Social Sciences (SPSS) version 23.0. Continuous measurements
were presented as meantstandard deviation, and categorical
measurements were presented as number (%). Significance was
assessed at a 5% level. The association between BAC and age
was analysed using Fishers’s-extract test. The association between
different grades of BAC by mammography and CIMT was analysed

and CIMT was analysed using the Chi-square test.

RESULTS

Ears
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BAC [Table/Fig-3,4]. On the right side, the minimum CIMT noted
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was 0.3 mm, and on the left side, it was 0.1 mm. The maximum
CIMT on the right side was 1.9 mm, and on the left side, it was
1.8 mm. The mean CIMT on the right side was 0.7 mm (0.4 sd),
and on the left side, it was 0.7 mm (0.2 sd), with a total mean
CIMT of 0.7 mm. Using a cutoff of <0.8 mm as normal CIMT [2],
approximately 97 (63.8%) of the total subjects had CIMT <0.8 mm,
and around 55 (36.2%) had GIMT > 0.8 mm [Table/Fig-5]. There
was a significant difference in CIMT between the BAC positive
and negative groups, with a p-value of <=0.05 [Table/Fig-6]. Logistic
regression analysis between mean CIMT and BAC grades showed
that there was no increase in CIMT with an increase in the grade
of BAC [Table/Fig-7].

BAC
p-value
Age [years) No Yes Total {Fisher-exact test}
31-40 10 {6.5%) 0 10 (6.5%)
41-50 43 (28.3%) 1 (0./%) 44 (28.9%)
51-60 41 (26.9%) 10 (6.5%) 51 (33.6%)
0.0001
61-70 12 (7.9%) 15 (9.8%) 27 (17.8%)
>70 9 (5.9%) 11 (7.2%) 20 (13.2%)
Total 115 {75.7%) 37 (24.3%) 152 (100%)

B

Grading Count Percentage (%)
I 2 54
i 26 70.2
i 9 24.3

cMT '
p-value
BAC <0.8 (mm) >0.8 (mm) Total {Chi-square test)
Present 15(40.5%) | 22(59.4%) | 37 (24.3)
Absent 82 (71.3%) 33 (0.28% 115 (75.6%) 0.0001
Total 152 (100%)

(€t OC

ERAL A
Jourmat of

p-value
BAC N Mean Std. Deviation | (Chi-square test)

No 115 0.769130 0.4516822

0.043
37 0.921622 0.3038047
115 0.717391 0.2103718

0.047
0.808108 0.3165600

f T kg SN Aefers to calcium deposits along the vessel wall observed
mammograms, which is an incidental finding. These deposits
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occur in the middie layer of the vessel wall, leading to increased
rigidity and stiffness of the vessel [Table/Fig-8] [2]. BAC detected
on breast cancer screening mammograms may also be associated
with disorders related to increased or accelerated atherosclerosis
[7]. In the early stages. medial arterial calcifications appear punctate
and then coalesce and become thicker, leading to linear tramtrack
calcifications [8].

[Table/Fig-8]: Brenstarterisl cofofcation 2 feft oreastn

The BAC is incidentally detected in only 8.1% of mammograms and
is uncommonly seen before the age of 50 years [7]. The prevalence
of BAC ranges from 9-17% and increases with age, particularly
in women above 65 years of age. Increased parity has also been
associated with an increase in BAC [9]. Kemmeren JM et al.,
recorded BAC in 9% of women who participated in a breast cancer
screening program [5]. In present study, BAC was detected in only
24.3% of subjects, and there was only one case of BAC below the
age of 50 years. Maas AH et al., demonstrated that the prevalence
of BAC increased with advancing age, from 5% in the first quartile
to 6% in the second quartile, 14% in the third quartiie, and 20% in
the fourth quartile. The odds ratio of women in the highest quartile
of age having BAC was 4.7 (95% Cl: 2.9-7.6) compared to women
in the lowest quartile [10]. In present study, BAC was noted to
inciease with age and was mostly seen in woimen above 60 years
of age.

Sankaran P et al., in their study on 100 women, found that there
is an mdependent association betWeen BAC in mammography

v

[2]. in the present study, CiMT did not show an increase in ihi¢a
with an increase in the grade of breast vessel calcification.

carotid artery thickness [11].
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Kadiogiu A and Bahadir S, in their multi-modality study investigating
the association of BAC, coronary artery calcification, and CIMT,
found that BAC is strongly associated with aging. High BAC
scores showed correlation with high CAC scores and also found
a statistically significant correlation between BAC and cardiac risk
factors like diabetes. Furthermore, in women younger than 60 years
old, they suggested that the BAC scoring system can be used as an
indicator of the presence of cardiovascular disease [12].

Akinofa RA et al., in their study on 54 Nigerian women, found that
afthough the presence of BAC in a mammogram is related to age, it
may not be a reliabie indicator or a reievant marker for cardiovascuiar
diseases in women living in their environment [7]. Ali EA et al., in
their study on 100 female patients, concluded that women over 60
who have BAC discovered accidentally via mammography should
have their coronary atherosclerotic condition and risk of developing
significant coronary artery disease further assessed [13]. In the
present study, moderate grades of BAC were found to increase with
age over 50 years. Since the majority of women over 40 years of age
undergo screening mammography annually according to guidelines,
our study suggests that the measurement of BAC may offer a non-
invasive approach to risk stratify women for cardiovascular disease
without additional radiation. Therefore, the inclusion of incidentally
detected BAC in mammogram reports may help clinicians counsel
and recommend lifestyle changes, cardiovascular risk assessment,
and prevention of future cardiovascuiar events.

Limitation(s)

However, present study included a relatively small number of subjects,
and most patients were post-mastectomy follow-up cases, which was
a major limitation. The absence of a universally accepted method of
grading BAC is another fimitation.

CONCLUSION(S)

Hence, authors developed a BAC grading method after studying
various previous studies. The effect of co-morbidities on CIMT
thickness was not considered. This scofing criteria is only applied in
a small population; therefore, before commenting on its accuracy,
it needs to be tested in different settings or in different populations.
Further, studies are warranted to determine the accuracy of this
objective scoring system.
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INTRODUCTION

The NAFLD is defined as the accumulation of fat in the liver,
which is proven by either histology or imaging, in a person with no
other cause of fat accumulation such as significant alcohol use or
steatogenic drugs [1]. It is one of the major causes of fiver diseases
worldwide, with a global prevalence of 32.4%. The overall incidence
has been found to be higher in men than women [1]. NAFLD
comprises a range of diseases, varying from simple steatosis called
Non Alcoholic Fatty Liver (NAFL), a relatively harmless condition, to
Non Alcoholic Steatohepatitis (NASH), which indicates hepatocyte
injury in the form of hepatocyte ballooning. NASH can also involve
varying levels of fibrosis, with progression to cirrhosis occurring in
30-40% of affected individuals [1-3]. Progressive iiver fibrosis is a
dreaded complication as it resuits in irreversible loss of hepatocytes
and subsequent liver dysfunction [4].

The pathogenesis of NAFLD is multifactorial. One of the mechanisms
is thought to be insuiin resistance-mediated dysreguiation of adipose
tissue lipolysis, leading to increased circulating free fatty acids [5,6].
Skeletal muscle is considered to be the major site for the disposal of
ing&sted glucose, which is insuﬁn-stimulated When there is excess fat

inthe development of insutin resistance in skeletal muscle [5,6).
Little is known about the clinical implications of myosteatosis, ¢

recent studies have shown that it is believed to be a precursor { )

insulin resistance and may be an early manifestation of NAFLD
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Correlation between Myosteatosis and Liver
Fibrosis among Patients with Non Alcoholic
Fatty Liver Disease: A Cross-sectio

nal Study
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disease progression [6-8]. Since the authors could not find a study
evaluating the correlation between myosteatosis and liver fibrosis
in the South Indian population through online search, the present
study was conducted with the aim of finding the correlation between
myosteatosis and liver fibrosis.

MATERIALS AND METHODS
This cross-sectional study was conducted at the Department of
Radiodiagnosis and the Department of Gastroenterology, Amala
Institute of Medical Sciences, Thrissur, Kerala, India, from January
2021 to June 2022. All procedures adhered to the ethical standards
of the Institutional Ethics Committee (Certificate number 17/[EC/21/
AiMS-07). Prior to participation, ail participants provided written
informed consent.
Inclusion and Exclusion criteria: The study included subjects
between the ages of 25 to 72 years with confirmed NAFLD based
on MRI (Liver PDFF >5%). Patients with significant alcohol use, the
use of steatogenlc drugs, uncompensated liver cirrhosis, pregnancy,
TT TS nancnes and secondary causes of fat accumuuahon

>Height were measured to calculate the BMI for
Srfiat and muscle fat quantification were performed
F sequence Ultrasound elastography was used
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Quantification of Liver Fat and Muscle Fat [Tabie/Fig-1a,b}:

Liver and muscle fat quantification was conducted using the T2*-
corrected 3D Multi Echo Dixon sequence with reconstruction on
a GE HDxi-1.5 TESLA. The imaging protocol included an axial 3D
IDEAL-IQ (DIXON-Fat Fraction, R2*, Water, and Fat). The IDEAL IQ
sequence had the following parameters: TR-9.3, TE-4.4; Number of
echoes-6; FOV-41.0x32.8 cm; Matrix size 128x128; Pixelbandwidth
111.11Hz; Flip angle 6; Slice thickness-8 mm. Data acquisition was
completed during one breath hold (scan duration: 14.9 s).

The PDFF images were used to determine liver and muscle fat
content, which were viewed on the imager console after image
acquisition. On three MR sections, five circular Region of Interests
(ROIs) of 500 mm? were drawn in the liver while avoiding artifge
vascular, and biliary structures. The average of the 1
was taken as the hepatic PDFF, with a value of >5% cné?

sequence by manually segmenting the multifidus and ere|

muscies bilaterally at the Lumbar 3 (L3) level. The iarge fai\]
observed between the longissimus and iliocostalis muscle
included in the ROI. The muscle PDFF was determined &
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single observer. Liver PDFF and muscle PDFF measurements were
each performed twice, and the average of the two measurements
was taken.

Liver fibrosis assessment [Table/Fig-1c]:

All uttrasound examinations were conducted using the GE Healthcare
LOGIQ S8 system. The patient was imaged in a supine or slight (307
feft lateral decubitus position, with the right arm elevated above the
head to improve the acoustic window to the liver. The B-mode image
was optimised for the best acoustic window, avoiding any mass
lesions, vessels, and bile ducts. All elastography measurements were
obtained by a single observer,

~{Table/Fig-Tc] Livar

The probe was placed on the skin surface after applying gel, and
measurements were taken 4-5 cm deep from the skin and at least
1-2 cm away from the liver capsule to avoid reverberation artifacts.
The patient was instructed to hold their breath at the end of normal
expiration or inspiration, and 11 measurements were taken in a
neutral position. The measurements were recorded in kilopascals
(kPa). It is important to note that cut-off values for fibrosis staging
may vary across ultrasound systems from different vendors.

According to the present system, the cut-off values and grading of
fibrosis are provided as follows [Table/Fig-2].

Liver fibrosis staging Metavir score kPa
Normal-mild F1 6.48-6.60
Mild-moderate F2 6.60-8.07
Moderate-severe F3 8.07-9.31
Cirthosis Fa ' >9.31

[Table/Fig-2): GE LOGIC S8 fver shear v
STATISTICAL ANALYSIS
The data analysis was performed using Statistical Package for
Social Sciences (SPSS) version 20.0. The results were expressed
as the median and interquartie range. Partial correlations,
controlling for gender, were evaluated using partial Spearman’s rho

correlation coefficients. An ROC curve was plotted to assess the
edjctive value of muscle fat fraction in determining the outcome

pubjects with MRi-proven NAFLD were included in the
7 being females and 40 being males. The median age
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[Table/Fig-3]. Significant fiver fibrosis {liver sliffness >6.60 kPa) was
diagnosed in 39 NAFLD patients (68.4%).

~ Samhita Ankala et ., Gorrelation between Myosteatosis and Liver Fibrosis among Patients with NAFLD

Male (n=40) Female (n=17) Total (n=57)
Variables Median (IQR) Median (JQR} Median (QR)
Age (in years) 37.5(17.0) 45.0(15.0) 43.0 (16.5)
BM {in kg/m?) 28.2 3.5 28.7 (5.5) 28.4 (4.3)
Muscle fat fraction 8.4 (.7) 16.9(10.4) 10.8(8.4)
Hepatic fat fraction 20.0 (15.9) 15.5{(10.8) 18.8 (14.3)

[Table/Fig-3]:

Myosteatosis showed a positive correlation with liver fibrosis (r=0.558;
p<0.001) and a negative correlation with hepatic steatosis (r=-0.321;
p=0.02), as shown in [Table/Fig-4a-d]. An ROC curve was performed
to assess the muscle fat fraction test’s ability to predict liver fibrosis.
The Area Under Curve (AUC) was 0.605, indicating that it was
considered a poor test for predicting liver fibrosis among patients
(p-value=0.204). The cut-off value with the best sensitivity and
specificity for muscle fat fraction was 10.43, with a sensitivity of 0.615
and specificity of 0.389, as presented in [Table/Fig-5].
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DISCUSSION

Myosteatosis is said to be an early sign of progression from simple
steatosis to NASH [10]. In the present cross-sectional study, a
moderately positive correlation was found between myosteatosis
and liver fibrosis. These findings align with those of Nachit M et
al., who found a significant correlation between liver stiffness and
the skeletal muscle fat index calculated using GT in the psoas
muscle. This correlation was also found to be independent of
age, sex, liver steatosis, Alanine Transaminase (ALT), Glycated
Haemoglobin (HbA1c), and hypertension. This relationship persisted
in multivariate analysis when accounting for multiple confounders.
Hence, myosteatosis was found to be strongly associated with liver
stifiness [11].
To date, there is still no consensus on MRI-PDFF cut-off values for
myosteatosis. Qur study provided a cut-off value of 10.4, derived
from the ROC curve between myosteatosis and liver fibrosis.
Above this value, significant liver fibrosis (Metavir score >F2) was
observed, making it a potential diagnostic marker for significant
myosteatosis.

No statistically significant association was found between hepatic
steatosis and liver fibrosis. However, the degree of myosteatosis
showed a weak negative correlation with the amount of hepatic
fat, Since higher grades of fibrosis were found in patienis with high
muscle PDFF, authors can indirectly assume an inverse relationship
between liver fat and liver fibrosis. This can be explained by the
histopathogenesis of liver fibrosis, where persistent hepatic injury
leads to failed liver regeneration and the replacement of hepatocytes
with excessive extraceliular matrix, including fibrillar coltagen [12].

A study by Permutt Z et al., examined the correlation between
hepatic steatosis assessed by MRI-PDFF and liver steatosis and
fibrosis assessed by histology [13]. They found that patients with
stage-4 fibrosis on histology, compared to patients with stages 0-3
fibrosis, had significantly lower hepatic steatosis. Their study also
showed an inverse correlation between MRi-determined hepatic
PDFF and hepatic fibrosis [13]. Therefore, a low value of hepatic
steatosis may not reliably indicate the severity of NAFLD, as it can
also be present in advanced NASH with progression to cirrhosis.
Additionally, to identify patients at risk of progression to advanced
NASH, myosteatosis may be a better marker than liver fat content.

Furthermore, the present study shows no correlation between
BMI and myosteatosis. This finding is consistent with the study
conducted by Kitajima et al., [14], which examined 333 NAFLD
patients and found a positive correlation between the multifidus
muscle/subcutaneous fat ratio and age and visceral fat, but no
significant correlation with BMI. One possible reason for this lack
of correfation is that authors did not consider body fat percentage,
which provides a more accurate depiction of body composition
by differentiating fat-free mass. BMI has limitations as it does not
distinguish between muscle, fat, bone, or vital organs. Therefore,
individuals with high fat-free mass relative to stature may have a
high BMI but not be obese [15].

The strength of the present study lies in the well-characterised
adult NAFLD subjects, including both genders, and the use of
imaging techniquecs (MRI-PDFF and 2D shcar wave clastography)
for assessment. The authors employed a validated MRI-determined

steatosis, myosteatosis, and fibrosis (E-median) were meas\reg s
continuous variables, which is ideal for correlation analysis.

The present study findings align with the study conducted by KimHS
et al,, {18], which investigated 23,311 subjects and found a higher

g e

perceniage of good-quality muscle 1o be associated with a lower
likelihood of moderate to severe NAFLD in males and intermediate
to high levels of liver fibrosis in both sexes among participants
with NAFLD. These associations remained significant even after
considering additional NAFLD risk factors. Further research is
needed to establish causal relationships and determine the clinical
significance of myosteatosis in predicting NAFLD outcomes, which
would be valuable for future studies in this field.

Limitation(s)

One major limitation of the study was the inclusion of a low number
of subjects, which can be seen as a limitation. Additionally, the study
did not include insulin sensitivity in the assessment of Homeostatic
Model Assessment for Insulin Resistance (HOMA-IR), despite its
known impact on myosteatosis. Although the study established a
cut-off value of 10.4 for myosteatosis, above which significant liver
fibrosis was observed, it did not investigate the correlation with the
severity of fibrosis. This can also be seen as a limitation of the study.

CONCLUSION(S)

The NAFLD has now become one of the mast important causes of
liver disease worldwide and may emerge as a leading cause of end-
stage liver disease in the upcoming years. Early diagnosis is crucial
to prevent various complications such as fibrosis. Recognising
myosteatosis is important as it may contribute to early progression
of fibrosis. The management of early NAFLD should also involve
assessing the presence and severity of myosteatosis to prevent
complications and predict the disease outcome. The authors
cannot solely rely on the degree of liver steatosis to assess the
severity of NAFLD.
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