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ABSTRACT ARTICLE DETAILS

Introduction: People living with maintenance haemodialysis have high mortality due to  Published On:
cardiovascular events which are related with vascular calcification. Vascular calcification is 05 November 2025
influenced by clinical and laboratory parameters. Some of them have controversial issues and are
not studied in people living with maintenance haemodialysis in Myanmar. This study aimed to
find out the prevalence of abdominal aortic calcification and its determinants in people living with
maintenance haemodialysis attending in 2 selected public hospitals from Myanmar.

Methods: After getting informed consent, clinical assessment, hemoglobin, serum albumin, serum
lipids, calcium, phosphate, CRP and serum fetuin-A level were done. And lateral lumber spine
Xray was taken and abdominal aortic calcification score (AAC) was calculated.

Results: A total of 96 people living with maintenance haemodialysis were enrolled. The mean
AAC score was 3.64 + 4.86 and 61.5% (60/96) of paticipants had positive AAC score. A quarter
24.7% (24/96) had significant AAC score (score > 5) and 37.5% (36/96) had AAC score ‘Zero’.
Mean age was 51 years and mean BMI was 21.6 + 2.0 kg/m?. Dialysis vintage ranged from 5
months to 8 years. All participants had hypertension whereas a quarter (24/96) had diabetes
mellitus. All participants were clinically pale with mean hemoglobin 9.2 gm%. Mean serum
albumin was 43.2 + 9.9 g/L. Mean serum corrected calcium was low normal (8.8 £ 0.79 mg/dL)
and mean serum phosphate was high normal (5.0 + 1.6 mg/dL). Mean fasting total cholesterol was
195.13 + 31.43 mg/dL. Mean HDL cholesterol was low (48.49 + 15.62 mg/dL). Mean LDL
cholesterol was high (130.0 + 104.3 mg/dL). Mean serum triglyceride was high (152.44 + 24.75
mg/dL). Mean CRP was 4.7 + 1.9 mg/dL.

Mean Fetuin-A level was 412.3 pg/ml £ 170.5 pg/ml. And mean Fetuin-A level for those with
AAC score ‘Zero’ was high (545.6 pg/ml * 84.4 ng/ml) whereas it was low (181.2 pg/ml + 90.0
pg/ml) in those with significant AAC score (AAC score > 5). Those with non-significant AAC
score (AAC score > 5) had high Fetuin-A level (433.7 pg/ml + 96.1 pg/ml).
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There was a statistically significant positive association between AAC score and age (rho = 0.296,
p= 0.003); AAC score and fasting LDL cholesterol (rho = 0.226, p = 0.027); AAC score and
fasting triglyceride (rho = 0.246, p = 0.016) and AAC score and CRP (rho = 0.404, p < 0.001).
There was a statistically significant negative association between AAC score and fasting HDL
cholesterol (rho = - 0.315, p < 0.001); and, AAC score and serum fetuin-A levels (rho = - 0.854,
p < 0.001). AAC score was not associated with history of diabetes mellitus, hypertension, BMI,
dialysis vintage, anemia, serum albumin, serum corrected calcium, serum phosphate.
Conclusion: In people living with maintenance haemodialysis, a significant positive association
was found between abdominal aortic calcification and age, triglyceride, LDL cholesterol and CRP.
Significant negative association was seen with HDL cholesterol and serum Fetuin-A level.

KEYWORDS: abdominal aortic calcification, maintenance haemodialysis, determinants

INTRODUCTION

The global estimated prevalence of chronic kidney disease
was 13.4% (Lv & Zhang, 2019); in population based studies,
it increased with age (Q.-L. Zhang & Rothenbacher, 2008).
Moreover, the prevalence of chronic kidney disease was
increasing with time (Coresh et al., 2007). And, the etiology
of chronic kidney disease was related mainly with non-
communicable diseases like diabetes mellitus, hypertension
and glomerular diseases related to autoimmune disorder
(CHEGE & Yadla, 2023). For those with late stage of chronic
kidney disease i.e., end stage renal disease (ESRD),
hemodialysis is one of the treatment options. Peritoneal
dialysis was not easily accessible in Myanmar. And, living
donor renal transplant has been performing (Pyar KP et al.,
2022).

The morbidity and mortality of cases with ESRD were mainly
due to cerebrovascular accident, ischemic heart disease and
sudden cardiac death (ALI, 2025); they were thought to be
related with wvascular calcification (Siracusa et al.,
2024)(Makar & Pun, 2017). And, people living with
maintenance hemodialysis were found to have significant
vascular calcification (Wang et al., 2018) (Errihani et al.,
2022). Therefore, vascular calcifications in people living with
maintenance hemodialysis  strongly influenced their
prognosis. Kalra & Shanahan found that vascular
calcification, regardless of its anatomical site, was an
independent risk factor for cardiovascular mortality (Kalra &
Shanahan, 2012). The presence of vascular calcification again
caused progression of chronic kidney disease itself;
moreover, it increased in cardiovascular mortality in people
living with maintenance hemodialysis (Jia et al., n.d.).
Therefore, it is important to detect factors provoking vascular
calcifications in  people living with maintenance
hemodialysis. And, to improve the cardiovascular mortality,
prevention and treatment of these factors which slow down
the vascular calcification are essential.

Vascular calcification is the abnormal deposition of calcium,
phosphorus, and other minerals in the vessel wall. It was
commonly observed in diabetes, chronic kidney disease,
uncommon genetic diseases and chronic inflammatory

Available on:
https://ijmscrs.com/

disease (Lanzer et al., 2014) and considered to be a passive
process (Niu et al., 2020) (Goodman et al., 2004). However,
it was found to be an active and regulated process, similar to
bone mineralisation (Kraus et al., 2015); both vascular and
valvular calcification were highly prevalent in people living
with maintenance hemodialysis. It was highly regulated by
multiple factors like bone-related proteins (Qin et al., 2021),
genetic predispositions and molecular pathways (M.
Mohamed et al., 2025) (Tatyana Archakova & Liudmila
Nedosugova, 2018).

The vascular calcifications can be visualized by computed
tomography (CT) scan, ultrasonogram and conventional X-
ray. A computed tomography (CT) scan performed with and
without contrast showed calcification of coronary arteries
(Surana et al., 2008); and, peripheral vascular calcification
was assessed easily using conventional Xray. Abdominal
aortic calcification (AAC score) from lateral lumbar X-ray
was reported as a reliable aortic calcification marker
(Honkanen et al., 2008).

Abdominal aortic calcification (AAC score) from lateral
lumbar X-ray was calculated as ‘Zero’ to ‘24’. ‘Zero’ means
no calcification. Significant AAC score cut off value in
people living with maintenance hemodialysis by Bai et al was
an AAC score > 4.5 (Bai et al., 2023) and the value by Chen
et al was greater than 5.5 (Chen et al., 2018). The
atherosclerosis related vascular calcification in people living
with maintenance hemodialysis was passive process and
confined to tunica intima (Barreto et al., 2005) (Niu et al.,
2020) (Goodman et al., 2004)(Honkanen et al., 2008)
(Errihani et al., 2022) (Dhakshinamoorthy et al., 2017). It was
part of aging process. Vascular calcification was found to be
an independent predictor of cardiovascular morbidity and
mortality(Qin etal., 2021) (Lanzer et al., 2014) (M. Mohamed
et al., 2025). Moreover, vascular calcification in those with
ESRD or people living with maintenance hemodialysis was
found particularly in tunica media and it was not age specific.
It was reported as an active and regulated process (Qin et al.,
2021). It also pointed out the role of other factors contributing
vascular calcifications in patients on maintenance
hemodialysis; inflammatory pathways(Barreto et al., 2005)
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(Siracusa et al, 2024a) (An & Son, 2013)
(Dhakshinamoorthy et al., 2017) (Choi et al., 2019) (Dragos
et al., 2023), genetic predispositions and molecular pathways
(Qin et al., 2021) (M. Mohamed et al., 2025) (Siracusa et al.,
2024).

It was related with hyperphosphatemia and hypercalcemia,
and the loss of specific vascular calcification inhibitors
including  pyrophosphate,  fetuin-A,  osteoprotegerin,
iPTH(M. Li et al., 2025) (Goodman et al., 2004), vitamin D,
FGF 23, sclerostin and matrix GLA protein (Siracusa et al.,
2024) (Petrovi¢ et al., 2024) (Barreto et al., 2005) (Niu et al.,
2020). Serum calcium, phosphorus, and iPTH levels in people
living with maintenance hemodialysis were related with
vascular calcification and it’s progression (H. Zhang et al.,
2023) (Goodman et al., 2004) (M. Li et al., 2025) (Klein,
2024) (Errihani et al., 2022) (Spiegel et al., 2004). Those with
longer duration of dialysis and with a history of
cardiovascular and cerebrovascular events, their AAC score
were significantly higher” (Peyro-Shabani et al., 2018)
(Honkanen et al., 2008) (Errihani et al., 2022).

Diabetes mellitus was the most significant clinical risk factors
for vascular calcifications (M. Li et al., 2025) (Taniwaki et
al., 2005). Aging had add on effect on vascular calcification
(Niu et al., 2020) (Goodman et al., 2004). Those with higher
BMI prone to vascular calcification (Barreto et al., 2005).
Having anemia in people living with maintenance
hemodialysis promoted vascular calcification through
oxidative stress and inflammation (Siracusa et al., 2024)
(Tatyana Archakova & Liudmila Nedosugova, 2018) (Choi et
al., 2019) (An & Son, 2013).

Lipids involves in atherosclerosis and AAC (Deng & Qin,
n.d.) (MA, 2015). Dyslipidemia together with diabetes
mellitus, and hypertension attributed vascular calcifications
in people living with maintenance hemodialysis (Oprisiu et
al., 2002) (An et al., 2009) (Siracusa et al., 2024). HDL
cholesterol was reported as anti-calcification factor (Qunibi,
2005) (D.-Y. Lietal., 2024).

Non-calcium-containing phosphate binders, low-dose active
vitamin D plus cinacalcet, modification of dialysate calcium
concentration, and sodium thiosulfate were found to delay
vascular calcification in dialysis patients (Ohtake &
Kobayashi, 2017) (Huybrechts et al., 2005) (Niu et al., 2020).

METHODS

Study design and population

A cross-sectional descriptive study was conducted in January
2023 to December 2024. People living with maintenance
hemodialysis at public hospital at Yangon and Nay Pyi Taw
were selected. Non-probability sampling method, especially
convenience sampling method was used in this study.
Sampling procedure was accomplished after completing the
minimum required sample size 96 cases.

Written informed consent was taken from all participants
after thorough explaining about the purpose and the

procedures of the study. History taking was obtained
including age, sex, duration of dialysis and imaging records.
This study was approved by the Hospital Research and Ethics
Committee of No.(1) Defence Services General Hospital
(1000-Bedded) Mingaladon, Yangon.

Data collection and procedure

Clinical ~characteristics (sex, age, height, weight,
hypertension, diabetes mellitus) were collected using a
standardized case report form. Body weight was measured at
the end of hemodialysis and BMI was calculated.

One milliliter (1mL) of venous blood was withdrawn from the
anterior cubital vein before dialysis. Blood for hemoglobin,
CRP, calcium, phosphate, fasting lipid profile and fetuin-A
estimation were done. For serum fetuin-A assay, serum level
was measured by using ELISA (Enzyme- Linked
Immunosorbent Assay) kit, according to the manufacture’s
recommendation with commercially available kit (BioTechne
R &D System).

The abdominal aortic calcification was detected on a lateral
lumbar X-ray. It was done either after hemodialysis or non-
hemodialysis day depending on participant’s choice. The
grading was performed using kaupilla score in which the
extent of calcific deposits is graded on a per segment basis
using the lumbar vertebral segments L1-L4. Per segment a
score between 0 and 3 was given for both the anterior and
posterior wall of the Aorta. These eight scores resulted in a
composite abdominal aortic calcification score (AAC score)
ranging between 0 and 24 points. The severity is determined
with Kaupilla score (0-24). Kaupilla score ‘1 and above’ is
taken as calcification present.

Both clinical, laboratory and AAC score parameters were
recorded. The data were checked carefully. And, supervision,
completeness, and consistency of collected data were
performed. The results were informed to attending
nephrologist for treatment and confidentiality was
maintained.

Working Definition

Significant abdominal aortic calcification score (AAC score)
was defined as AAC score > 5 in this study. It was calculated
on a lateral lumbar X-ray.

People living with maintenance hemodialysis was defined as
patients with end stage renal disease having regular
hemodialysis (at least twice a week) for more than 3 months.
HD vintage (Hemodialysis vintage) was defined as the
duration of maintenance hemodialysis which was expressed
as months.

Body mass index (BMI) was a person’s weight in kilograms
divided by the square of height in meters, nan indicator of
body fatness. BMI was categorized as underweight
(<18.5 kg/m?), normal weight (18.5 to 24.9 kg/m?),
overweight (25.0 to 29.9 kg/m?) and (>30.0 kg/m?) obese.
Body weight was measured after completion of hemodialysis
secession.
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Diabetes mellitus was defined as known case of diabetes
mellitus diagnosed by physician or new case of diabetes
mellitus raised HbAL1C more than 6.5% with raised fasting
blood sugar more than 12 6 mg/dL.

Hypertension was defined as resting (rest for 30 minutes)
sitting blood pressure more than 135/85 mmHg or known
case of hypertension diagnosed by physician.

CRP, an acute-phase reactant reflecting the inflammatory
activity, was defined as elevated when it was higher than
0.5 mg/dL (< 0.5 mg/dL).

Anemia was defined as clinical pallor plus hemoglobin less
than 11gm%.

Low serum albumin was defined as serum albumin less than
34 g/liter (normal 35-55 g/liter).

Raised corrected calcium was defined as serum calcium
corrected with serum albumin more than 10.5 mg/dl and low
corrected calcium was defined as serum calcium corrected
with serum albumin less than 8.5 mg/dL (normal range 8.5 to
10.5 mg/dL).

Raised phosphate was defined as raised serum phosphate
more than 4.5 mg/dL irrespective of phosphate lowering
drugs (normal range 3.4 to 4.5 mg/dL ).

Fasting cholesterol was defined as raised cholesterol more
than 200 mg/dL irrespective of lipid lowering drugs (normal
<200 mg/dL).

Raised triglyceride was defined as raised triglyceride more
than 150 mg/dL irrespective of lipid lowering drugs (normal
<150 mg/dL).

Raised LDL cholesterol was defined as LDL cholesterol more
than >100 mg/dL irrespective of lipid lowering drugs( normal
<100 mg/dL).

High HDL cholesterol was defined as HDL cholesterol more
than >130 mg/dL) irrespective of lipid lowering drugs (
normal 60-130 mg/dL).

Statistical analysis

The data were analyzed in the statistical package for social
science (SPSS), version 25. Category variables were
described as number and percentage. Numerical variables
were expressed as mean and standard deviation. The
correlation was calculated by Spearman’s correlation test and
correlation coefficient was expressed as ‘rho’. P value < 0.05
was set as statistically significant.

RESULTS

A total number of 96 people living with haemodialysis at
1,000 bedded hospital in Yangon and Nay Pyi Taw were
enrolled. Table (1) shows base line characteristic. Regarding
sex distribution, males constituted 54.2% (n = 52) and
females made up 45.8% (n = 44). Mean age was 51 years; the
minimum was 24 years and the maximum was 73 years.
Dialysis vintage varied from 5 months to 8 years. Diabetes
mellitus was seen in 25% (24/96) cases. And nearly all
participants (94/96) had hypertension. A quarter had IHD.
Figure (1.a) demonstrates association between AAC score

and age; AAC score became higher with increasing age.
There was a statistically significant association between AAC
score and age (p = 0.003).

Thirty-six cases had AAC score ‘Zero’; their mean age was
47.7 years. In AAC score ‘Zero’ group, the youngest was 31
years and the oldest was 72 years. Eight cases were over 60
years; and, seven cases were 31 to 40 years. As shown in
figure (1.b), the majority was in the younger age group (31-
44 years) and the minority was over 58 years.

In this study, AAC score (abdominal aortic calcification
score) was calculated from lateral lumbar spine Xray. It
ranged from ‘Zero’ to ‘24’. AAC score > 5 was defined as
significant AAC score.

Table (2) reveals frequency distribution of various AAC
score. Mean AAC score in this study was 3.64 + 4.86. The
lowest was ‘Zero’ and the highest was °20°. Over sixty
percent 61.9% (60/96) had positive AAC score (1 - 24); and
(38.1%, 36/96) did not have AAC i.e., AAC score ‘Zero’.
Because AAC score > 5 was defined as significant AAC score
in this study, 24.7% (24/96) had significant AAC score.
AAC score 18 and above was found in 4 cases and their ages
were 34 years, 48 years, 58 years and 64 years. Maximum
AAC score 20° was seen in 65 years old man with diabetes
mellitus with HD vintage of 26 months.

Diabetes mellitus was seen in 25% (24/96) cases. Mean AAC
score in this study was 3.64 + 4.86. Mean AAC score in
participants with diabetes mellitus was 4.8; it was higher than
participants without diabetes mellitus where AAC score was
3.2.

Mean body mass index (BMI) was 21.6 + 2.0 kg/m? The
lowest and the highest BMI were 18.4 kg/m? and 26.4 kg/m?
respectively. Figure (2) reveals the association between AAC
score and BMI. There was no association between AAC score
and BMI.

Mean CRP was 4.7 + 1.9 mg/dL; the range was 1.5 to 7.0
mg/dL. Normal CRP was less than 1.0 mg/dL. The level of
CRP became higher with increasing AAC score. Figure (10)
demonstrates the association between AAC score and CRP; it
was statistically significant (p < 0.001).

Mean serum albumin was 43.2 + 9.9 g/liter. Figure (3)
illustrates the association between AAC score and serum
albumin (p = 0.205). Ninety percent of participants in this
study were anemic; mean hemoglobin was 9.2 gm%.

Mean serum corrected calcium was 8.8 + 0.79 mg/dL (normal
range 8.5 to 10.5 mg/dL). Mean serum phosphate was 5.0 +
1.6 mg/dL (normal range 3.4 to 4.5 mg/dL ). Figure (4)
demonstrates the association between AAC score and
corrected calcium (p = 0.111). Figure (5) shows the
association between AAC score and serum phosphate (p =
0.341). Neither serum corrected calcium nor serum phosphate
was related with AAC score.

Mean fasting total cholesterol was 195.13 + 31.43 mg/dL.
The association between AAC score and fasting total
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cholesterol was not significant (p = 0.181); it was highlighted
in figure (6).

Mean HDL cholesterol was low (48.49 + 15.62 mg/dL).
Figure (8) reveals the association between AAC score and
fasting HDL cholesterol. It was statistically significant (p <
0.001).

Mean LDL cholesterol was high (130.0 + 104.3 mg/dL).
Figure (9) demonstrates the association between AAC score
and fasting LDL cholesterol; it was statistically significant (p
=0.027).

Mean serum triglyceride was high (152.44 + 24.75 mg/dL).
The association between AAC score and fasting triglyceride
is revealed in figure (7). It was statistically significant (p =
0.016).

Mean serum Fetuin-A level for all paticipants (people living
with maintenance haemodialysis) was 412.3 pg/ml + 170.5
ug/ml. And mean Fetuin-A level for those with AAC score
‘Zero’ was high (545.6 ng/ml £ 84.4 pg/ml) whereas it was
low (181.2 pg/ml £ 90.0 pg/ml) in those with significant AAC
score (AAC score > 5). Those with non-significant AAC
score (AAC score > 5) had high Fetuin-A level (433.7 ng/ml
+ 96.1 pg/ml). Figure (11) demonstrated the association
between AAC score and serum Fetuin-A level. A significant
association was found between AAC score and serum fetuin-
A levels (p < 0.001).

DISCUSSION

Vascular calcification has now been recognized as a major
problem in people living with maintenance hemodialysis
because of its strong influence on the prognosis. Delaying or
improving the vascular calcification was thought to be very
important to improve the cardiovascular mortality in them
(Wang et al., 2018). To prolong the quality of life of people
living with maintenance hemodialysis, detection and
surveillance of vascular calcification as well as its prevention
and treatments are extremely important.

Abdominal aortic calcification (AAC score) from lateral
lumbar X-ray was calculated as ‘Zero’ to ‘24’. ‘Zero’ means
no calcification. Bai et al reported that people living with
maintenance hemodialysis with an AAC score > 4.5 had
significantly elevated all-cause and cardiovascular mortality
compared with those with an AAC score < 4.5 (Bai et al.,
2023). On the other hand, AAC score greater than 5.5 in
people living with maintenance hemodialysis was reported as
a reliable abdominal aortic calcification marker (Chen et al.,
2018). Because the best cut-off value of AAC score was 5.5
by Chen et al and > 4.5 by Bai et al, AAC score > 5 was
defined as significant AAC score in this study. One quarter
of participents in this study 24.7% (24/96) had significant
AAC score; the range of age was 24 - 73 years.

The atherosclerosis related vascular calcification was mainly
confined to tunica intima. Several reports on vascular
calcification in those with ESRD or people living with
maintenance hemodialysis was found particularly in tunica

media and it was not age specific. In this study, mean age was
51 years; not young. Their AAC score became higher with
increasing age and it was statistically significant. Having
statistically significant relation between AAC score and age
in this study strongly supported the known fact that vascular
calcification was a degenerative disease which occurred in
older adults. Therefore, this study highlighted the
atherosclerosis related vascular calcification in people living
with maintenance hemodialysis (Barreto et al., 2005) (Niu et
al., 2020) (Goodman et al., 2004)(Honkanen et al., 2008)
(Errihani et al., 2022) (Dhakshinamoorthy et al., 2017).
People living with maintenance hemodialysis might probably
have accelerated atherosclerosis which led to premature
vascular calcification.

The AAC score ‘Zero’ was recorded in 36 participents in this
study; no calcification in aorta. In AAC score ‘Zero group’,
the youngest was 31 years and the oldest was 72 years.
Nonetheless, the proportion of younger age group (31- 44
years) having AAC score ‘Zero’ was highest; and, older age
group (58 — 72 years) had the lowest proportion. It was
compatible with former report ‘vascular calcification was an
aging process’ (Barreto et al., 2005) (Niu et al., 2020)
(Goodman et al., 2004) (Errihani et al., 2022).

In this study, mean AAC score (abdominal aortic
calcification score) was 3.64 + 4.86. The lowest was ‘Zero’
and the highest was ‘19°. Higher AAC score (18 and above)
was found in 4 cases and their respective ages were 34 years,
48 years, 58 years and 64 years. Having higher AAC score in
relatively young age (34 years and 48 years) could be
explained by possible accelerated nature of vascular
calcification, not passive process like atherosclerosis. It
confirmed the fact that vascular calcification in people living
with maintenance hemodialysis was an active and regulated
process (Qin et al., 2021). Furthermore, it also pointed out the
role of other factors contributing vascular calcifications in
people living with maintenance hemodialysis; inflammatory
pathways, genetic predispositions and molecular pathways
(Qin et al., 2021) (M. Mohamed et al., 2025) (Siracusa et al.,
2024).

History of ischemic heart disease was seen in ‘24’ cases; and
their mean AAC score was ‘10°. None of them had
cerebrovascular accident. Therefore, it supported former
findings “AAC score was significantly higher in those with
longer duration of dialysis and patients with a history of
ischemic heart disease” (Peyro-Shabani et al., 2018)
(Honkanen et al., 2008) (Errihani et al., 2022).

Diabetes mellitus was reported as the most significant clinical
risk factor for coronary artery calcification (M. Li et al., 2025)
as well as vascular calcifications. Combination of old age and
diabetes mellitus was found to cause rapid progression of
vascular calcification (Niu et al., 2020) (Goodman et al.,
2004). In this study, a quarter of participants (24/96) were
diabetics and their mean AAC score was ‘4.8”; it was higher
than that of non-diabetics (3.2). And, maximum AAC score
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(AAC score ‘20’) was seen in male participant, 65 years old
with diabetes mellitus with HD vintage of 26 months. This
finding supported the former report that AAC score in people
living with maintenance hemodialysis with diabetes mellitus
was found to be higher than that of non-diabetic participants
even with short dialysis vintage (Taniwaki et al., 2005)
(Peyro-Shabani et al., 2018) (Honkanen et al., 2008) (Errihani
etal., 2022).

BMI was measured in dry weight situation; after completion
of hemodialysis section. Normal range of BMI was 18.5 to
24.9 kg/m? in normal healthy person. Mean BMI was 21.6 +
2.0 kg/m? in this study. The lowest and the highest BMI were
18.4 kg/m? and 26.4 kg/m? respectively. There was no
association between AAC score and BMI in this study. Mean
AAC score of those having BMI 25 kg/m? and above (18/3)
was ‘6’. Barreto et al reported that coronary artery
calcification was highly prevalent in people living with
maintenance hemodialysis; and it was associated with older
age, higher BMI, inflammation and reduced trabecular bone
volume (Barreto et al., 2005). Therefore, this study was not
comparable with the findings of Barreto et al; it was probably
due to relatively low sample size.

Normal CRP was less than 1.0 mg/dL. In this study, mean
CRP of people living with maintenance hemodialysis was
high (4.7 £ 1.9 mg/dL); their range was 1.5 to 7.0 mg/dL. The
level of CRP became higher with increasing AAC score; it
was statistically significant. It strongly suggested that
vascular calcification found in people living with
maintenance hemodialysis was an inflammatory process; and
it was in line with previously reports (Barreto et al., 2005)
(Siracusa et al., 2024) (An & Son, 2013) (Dhakshinamoorthy
etal., 2017) (Choi et al., 2019) (Dragos et al., 2023).

In this study, mean serum albumin was not low (43.2 + 9.9
o/liter). There was no association between AAC score and
serum albumin; the possible reason was that people living
with maintenance hemodialysis in this study did not have
hypoalbuminemia. Malnutrition was suggested as one
possible cause of AAC and its progression in people living
with maintenance hemodialysis patients (Choi et al., 2019).
In this study, almost all participants had anemia; and, mean
hemoglobin was 9.0 gm%. Having early onset of vascular
calcification and accelerated pattern of its course in people
living with maintenance hemodialysis was associated with
new or non-traditional risk factors such as oxidative stress,
anemia, and inflammation (Siracusa et al., 2024) (Tatyana
Archakova & Liudmila Nedosugova, 2018). Choi et al
reported that conditions which increase hemoglobin level
would retard progression of vascular calcification in people
living with maintenance hemodialysis (Choi et al., 2019) (An
& Son, 2013).

Neither serum corrected calcium nor serum phosphate was
related with AAC score in this study. It was suggested that
having significant vascular calcification in people living with
maintenance hemodialysis was due to an accumulation of

calcium and phosphate deposits within the walls of blood
vessels; and, it caused the loss of elasticity of the arterial
walls. Several reports mentioned association between serum
corrected calcium and serum phosphate levels and vascular
calcifications in  people living with maintenance
hemodialysis. Siracusa et al reported that hyperphosphatemia
and hypercalcemia attributed to vascular calcification in them
(Siracusa et al., 2024). The study from Japan found that an
increase in serum phosphate level was associated with an
increased vascular calcification burden in people living
without maintenance hemodialysis (early cases of ESRD)
undergoing cardiovascular surgery (Kinugasa et al., 2016).
Taniwaki et al found that hyperphosphatemia was an
independent risk factor for increasing AAC score in people
living with maintenance hemodialysis without diabetes
mellitus (Taniwaki et al., 2005). In this study mean serum
corrected calcium level was lower limit of normal range; and
serum phosphate was slightly higher than normal value. Both
serum corrected calcium and serum phosphate were not
significantly related with AAC score in this study; it did not
support former reports.

Nonetheless, Zhang et al suggested that maintenance of
serum calcium, phosphorus, and iPTH target levels in people
living with maintenance hemodialysis patients was essential
in order to lower the risk of progression of vascular
calcification; and it was supported by several studies (H.
Zhang et al., 2023) (Goodman et al., 2004) (M. Li et al., 2025)
(Klein, 2024) (Errihani et al., 2022) (Spiegel et al., 2004).
Moreover, non-calcium-containing phosphate binders, low-
dose active vitamin D plus cinacalcet, modification of
dialysate calcium concentration, and sodium thiosulfate
showed beneficial effect on delaying vascular calcification in
people living with maintenance hemodialysis (Ohtake &
Kobayashi, 2017) (Huybrechts et al., 2005) (Niu et al., 2020).
Relation between AAC and iPTH serum levels was positive
in earlier finding (Kimura et al., 1999); however, no
significant correlation was found in later reports (Peyro-
Shabani et al., 2018). In this study, iPTH level was not
measured as we were in limited setting.

Depending on relation between AAC and bone related
factors, serum calcium, phosphorus, and iPTH, there were
controversial  interventions in  managing  vascular
calcifications like calcium channel blockers, renin—
angiotensin system inhibitions, statins, bisphosphonates,
denosumab, vitamins, and ion conditioning agents (Mizuiri et
al., 2021) (Pan et al., 2023) (Raggi, 2002) (Spiegel et al.,
2004) (Mccullough & Soman, 2004). In this study nearly 90%
of participants were taking calcium channel blockers for
control of hypertension and nearly 80% of them had statins
for hypercholesterolemia. We need long term study whether
they have real impact on vascular calcification or not.

Lipids involves in atherosclerosis and vascular calcification,
AAC. There was no association between AAC score and
fasting total cholesterol in this study; it confirmed earlier
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research where there was no correlation between lipid level
(LDL cholesterol, HDL cholesterol and triglyceride) and
AAC (Kimura et al., 1999). A significant inverse U-shaped
correlation between lipoprotein (LAP) and the prevalence of
AAC was noted by Deng & Qin et al (Deng & Qin, n.d.); LAP
could be a potential biomarker for evaluating AAC risk.
Another finding in 2015 was that ‘dyslipidemia including
hypertriglyceridemia and hypo-HDL cholesterol were
common in people living with maintenance hemodialysis’
(MA, 2015); and and they were potentially atherogenic.

On the other hand, AAC score was inversely associated with
fasting HDL cholesterol in this study. As HDL cholesterol is
a good-lipids, it has protective effect on vascular
calcification. HDL cholesterol was reported as anti-
calcification factor (Qunibi, 2005). And, elevated serum
HDL3-C levels in people living with maintenance
hemodialysis was an independent risk factor for
cardiovascular calcification (D.-Y. Li et al., 2024). In this
study, both serum LDL cholesterol and triglyceride were
directly related with AAC score. Traditional risk factors like
age, sex, dyslipidemia, diabetes mellitus, and hypertension
determined vascular calcifications in people living with
maintenance hemodialysis (Oprisiu et al., 2002) (An et al.,
2009) (Siracusa et al., 2024a). Therefore, having direct
relationship between AAC score and bad lipids, LDL
cholesterol and triglyceride in this study, strongly supported
former reports.

Fetuin-A, a circulating inhibitor of calcification, is a marker
of inflammatory-nutritional state. Therefore, serum Fetuin-A
reliably predicted vascular calcification and carotid intima
media thickness in some reports. Serum Fetuin-A and
vascular calcification emerged as significant risk factors for
all-cause and cardiovascular mortality even in patients with
non-dialysis chronic kidney disease (early stage ESRD).
Decreased levels of fetuin A was thought to be involved in
the pathogenesis of coronary artery disease in people living
with maintenance hemodialysis. In this study, nearly 62% had
positive AAC score (1-24). Those with AAC score ‘Zero’ had
the highest serum fetuin-A level and those with significant
AAC score (AAC score > 5) had the lowest level.

Having low serum Fetuin-A was related with high AAC score
in this study supported former findings; lower serum fetuin-
A was found to be associated with severe abdominal aortic
calcification (AAC) in early 2000 (Schoppet et al., 2015).
Serum fetuin-A levels had inhibitory effect on vascular
calcification (Turkmen et al., 2011) (Hendig et al., 2006)
(Siracusa et al., 2024a) (O. N. Mohamed et al., 2024) (Gluba-
Brzdzka et al., 2014).

In this study, paticipants with low serum fetuin-A level
(below normal range) had a higher mean AAC score compare
to those with normal serum fetuin-A levels. This data
suggested that people living with maintenance hemodialysis
with lower serum fetuin-A levels had higher mean AAC score
(Lyu etal., 2018) (Petrovi¢ et al., 2024) (Siracusa et al., 2024)

(Schoppet et al., 2015) (Turkmen et al., 2011) (Hendig et al.,
2006). Gheorghe et al found that fetuin-A levels were
inversely associated with coronary artery calcification
quantified by multidetector computed tomography (CT) in
patients undergoing hemodialysis (Gheorghe et al., 2024); it
could predict future coronary events.

CONCLUSION

AAC was common among people living with maintenance
hemodialysis. Older age related positively with AAC score.
Those with high BMI, history of diabetes mellitus and history
of ischemic heart disease had high AAC score. Dyslipidemia
(high triglyceride and LDL cholesterol) increased the AAC
score whereas high HDL cholesterol had reverse effect.
Inflammatory markers (CRP) positively related with AAC
score. Serum Fetuin-A negatively related with AAC score.

RECOMMENDATION

Several risk factors for vascular calcification, circulating
soluble  thrombomodulin, vitamin K  deficiency,
pyrophosphate, osteoprotegerin, and matrix GLA protein,
iPTH, vitamin D, FGF 23, sclerostin, osteopontin and bone
morphogenetic protein-7 (BMP-7), should be analyzed. We
need to explore vascular calcification in association with
vascular bed differences, sex differences, and ethnic
differences. Therapeutic trials like vitamin K therapy, statin
therapy, ACEI, calcium free phosphate binder, non-calcium-
containing phosphate binders, low-dose active vitamin D plus
cinacalcet, modification of dialysate calcium concentration,
and sodium thiosulfate should be done.
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Table (1). Baseline characteristics of people living with maintenance haemodialysis (n=96)

SR Parameters Mean = SD

1 Age (years) 51.0+12.0

2 BMI (kg/m?) 216+20

3 CRP (mg/dL) 47+19

4 AAC score (abdominal aortic calcification score) 3.64 +4.86

5 Hemoglobin (gm%) 9.2

6 Serum albumin (g/liter) (30-50) 43.2+9.9

7 Serum corrected calcium (mg/dL) (8.5 to 10.5) 8.8+0.79

8 Serum phosphate (mg/dL) (3.4 to 4.5) 50+1.6

10 Serum Fasting total cholesterol (mg/dL) (<200) 195.13 + 31.43

11 Serum HDL cholesterol (mg/dL) (>50) 48.49 + 15.62

12 Serum triglyceride (mg/dL)(<150) 152.44 + 24.75

13 Serum Fetuin-A level (ug/mL) (303-671) 412.32 +170.52
Table (2). AAC score groups and Serum Fetuin-A level (n=96)

AAC score group Number of people living | Serum Fetuin-A level Remark

with maintenance | (303-671 pg/mL)
hemodialysis (%0) (Mean + SD)

AAC score 96 (100) 412.3+170.5

(0-24)

AAC score ‘Zero’(0) 36 (38.1%,36/96) 545.6 + 84.4

AAC score (1-24) 60 (61.9%,60/96)

AAC score (> 5) 24 (24.7%,24/96) 181.2 +90.0 AAC cut off value
5.5 by Chen et al
> 4.5 by Bai et al

AAC score (1-4) 36 (37.1%,36/96) 433.7+96.1
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Figure (1.a). Association between AAC score and age (n=96)
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Distribution of Age groups in AAC score Zero group
(n=36)
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Figure (1.b). Distribution of ‘Age groups’ in AAC score ‘Zero’ groups (n = 36)

27 .50 [rho, p =-0.028, p = 0.788]
-
25.00 - - - -
; 3 ° - - - L
—_ ] - -
o™
E i 3
£ 22=0 - - - - -
2 _® e . -
— B 3 -————_-;__7__7__ -
5 I : - S
20.00 - “ “ e
B - - - -
= ° - - ° - -
: -
-
17.50 - .
-
[s] = 10 15 20
AAC Score
Figure (2). Association between AAC score and BMI
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Figure (3). Association between AAC score and serum albumin
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Figure (6). Association between AAC score and fasting total cholesterol
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Figure (8). Association between AAC score and fasting HDL cholesterol
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Figure (9). Association between AAC score and fasting LDL cholesterol
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Figure (10). Association between AAC score and CRP
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Figure (11) Association between AAC score and serum Fetuin-A
REFERENCES
I ALI, M. H. (2025). WCN25-4264 THE M. An, W. S, & Son, Y. K. (2013). Vascular

DETERMINANTS OF MORTALITY AMONG
CHRONIC HEMODIALYSIS PATIENTS. Kidney
International Reports, 10(2), S123.
https://doi.org/10.1016/j.ekir.2024.11.281

An, W. S, Kim, S.-E., Kim, K.-H., Bae, H.-R., &
Rha, S.-H. (2009). Associations between oxidized
LDL to LDL ratio, HDL and vascular calcification
in the feet of hemodialysis patients. J Korean Med
Sci, 24 Suppl, S115-20. PubMed.
https://doi.org/10.3346/jkms.2009.24.s1.5115

calcification on plain radiographs is associated with
carotid intima media thickness, malnutrition and
cardiovascular events in dialysis patients: A
prospective observational study. BMC Nephrology,
14(1), 27. https://doi.org/10.1186/1471-2369-14-27
Avogaro, A., & Fadini, G. P. (2015). Mechanisms of
ectopic calcification: Implications for diabetic
vasculopathy. 2015, 5(5), 343-352.

Bai, J., Zhang, A., Zhang, Y., Ren, K., Ren, Z,,
Zhao, C., Wang, Q., & Cao, N. (2023). Abdominal
aortic calcification score can predict all-cause and

1808

Volume 05 Issue 11 November 2025

Corresponding Author: Khin Phyu Pyar



Abdominal Aortic Calcification and Its Determinants in People Living with Maintenance Haemodialysis in 2 Selected
Public Hospitals from Myanmar

VI.

VII.

VIII.

XI.

XIlI.

cardiovascular mortality in maintenance
hemodialysis patients. Renal Failure, 45(1),
2158869.
https://doi.org/10.1080/0886022X.2022.2158869
Barreto, D. V., Barreto, F. C., Carvalho, A. B.,
Cuppari, L., Cendoroglo, M., Draibe, S. A., Moyses,
R. M. A, Neves, K. R., Jorgetti, V., Blair, A,
Guiberteau, R., & Fernandes Canziani, M. E. (2005).
Coronary calcification in hemodialysis patients: The
contribution of traditional and uremia-related risk
factors. Kidney International, 67(4), 1576-1582.
https://doi.org/10.1111/j.1523-1755.2005.00239.x
CHEGE, P., & Yadla, M. (2023). WCN23-0860 A
STUDY OF ETIOLOGY OF END-STAGE
RENAL DISEASE PATIENTS ON
MAINTENANCE HEMODIALYSIS IN
TERTIARY CARE CENTRE IN SOUTH INDIA.
Kidney International Reports, 8(3), S294-S5295.
https://doi.org/10.1016/j.ekir.2023.02.663

Chen, H.-C., Wang, W.-T., Hsi, C.-N., Chou, C.-Y.,
Lin, H.-J., Huang, C.-C., & Chang, C.-T. (2018).
Abdominal aortic calcification score can predict
future coronary artery disease in hemodialysis
patients: A 5-year prospective cohort study. BMC
Nephrology, 19(1), 313.
https://doi.org/10.1186/s12882-018-1124-x

Choi, S. R., Leg, Y.-K., Cho, A. J., Park, H. C., Han,
C. H., Choi, M.-J., Koo, J.-R., Yoon, J.-W., & Noh,
J. W. (2019). Malnutrition, inflammation,
progression of vascular calcification and survival:
Inter-relationships in hemodialysis patients. PLOS
ONE, 14(5), e0216415.
https://doi.org/10.1371/journal.pone.0216415
Coresh, J., Selvin, E., Stevens, L. A., Manzi, J.,
Kusek, J. W., Eggers, P., Van Lente, F., & Levey, A.
S. (2007). Prevalence of Chronic Kidney Disease in
the United States. JAMA, 298(17), 2038-2047.
https://doi.org/10.1001/jama.298.17.2038

de la Puente-Secades, S., Mikolajetz, D., Gayrard,
N., Hermann, J., Jankowski, V., Bhargava, S.,
Meyer, A., Argilés, A., Saritas, T., van der Vorst, E.
P. C., Wu, Z., Noels, H., Tepel, M., Alghamdi, K.,
Ward, D., Zidek, W., Wolf, M., Floege, J.,
Schurgers, L., Jankowski, J. (2025).
Vasoconstriction-inhibiting factor: An endogenous
inhibitor of vascular calcification as a calcimimetic
of calcium-sensing receptor. Cardiovascular
Research, 121(3), 507-521.
https://doi.org/10.1093/cvr/cvaf016

Dekker, M., Waissi, F., Silvis, M. J. M., Bennekom,
J. V., Schoneveld, A. H., de Winter, R. J., Isgum, 1.,
Lessmann, N., Velthuis, B. K., Pasterkamp, G.,
Mosterd, A., Timmers, L., & de Kleijn, D. P. V.
(2021). High levels of osteoprotegerin are associated

XII.
XIV.

XV.

XVI.

XVII.

XVIIL.

XIX.

XX.

XXI.

with coronary artery calcification in patients
suspected of a chronic coronary syndrome. Scientific
Reports, 11(1), 18946.
https://doi.org/10.1038/s41598-021-98177-4

Deng, J., & Qin, X. (n.d.).

Dhakshinamoorthy, J., Elumalai, R. P., Dev, B.,
Hemamalini, A. J., Sai, P. M. V., & Periasamy, S.
(2017).  Assessment of Abdominal  Aortic
Calcification in Predialysis Chronic Kidney Disease
and Maintenance Hemodialysis Patients. Saudi
Journal of Kidney Diseases and Transplantation,
28(6).https://journals.lww.com/sjkd/fulltext/2017/2
8060/assessment_of abdominal_aortic_calcificatio
n_in.12.aspx

Dragos, D., Timofte, D., Georgescu, M.-T., Manea,
M.-M., Vacaroiu, I. A., lonescu, D., & Balcangiu-
Stroescu, A.-E. (2023). Cardiovascular
Calcifications Are Correlated with Inflammation in
Hemodialysis  Patients.  Medicina,  59(10).
https://doi.org/10.3390/medicina59101801
Errihani, M., Aatif, T., Sobhi, A., & Elkabbaj, D.
(2022). Risk factors for abdominal aortic
calcifications in chronic hemodialysis patients.
Journal of Parathyroid Disease, 10.
https://doi.org/10.34172/jpd.2022.8134

Gheorghe, S. R., Craciun, A. M., Ilyés, T., Tisa, L.
B., Sur, L., Lupan, I., Samasca, G., & Silaghi, C. N.
(2024). Converging Mechanisms of Vascular and
Cartilaginous Calcification. Biology, 13(8).
https://doi.org/10.3390/biology13080565
Gluba-Brzézka, A., Michalska-Kasiczak, M.,
Franczyk-Skora, B., Nocun, M., Banach, M., &
Rysz, J. (2014). Markers of increased cardiovascular
risk in patients with chronic kidney disease. Lipids
in Health and Disease, 13(1), 135.
https://doi.org/10.1186/1476-511X-13-135
Goldsmith, D., Ritz, E.,, & Covic, A. (2004).
Vascular calcification: A stiff challenge for the
nephrologist: Does preventing bone disease cause
arterial disease. Kidney International, 66(4), 1315-
1333.
https://doi.org/10.1111/j.1523-1755.2004.00895.x
Goodman, W. G., London, G., Amann, K., Block, G.
A., Giachelli, C., Hruska, K. A., Ketteler, M., Levin,
A., Massy, Z., McCarron, D. A. Raggi, P.,
Shanahan, C. M., & Yorioka, N. (2004). Vascular
calcification in chronic kidney disease. American
Journal of Kidney Diseases, 43(3), 572-579.
https://doi.org/10.1053/j.ajkd.2003.12.005

Haroon, S.-W.-P., Tai, B.-C., Ling, L.-H., Teo, L.,
Davenport, A., Schurgers, L., Teo, B.-W., Khatri, P.,
Ong, C.-C., Low, S, Yeo, X.-E., Tan, J.-N.
Subramanian, S., Chua, H.-R., Tan, S.-Y., Wong,
W.-K,, & Lau, T.-W.-L. (2020). Treatment to reduce

1809

Volume 05 Issue 11 November 2025

Corresponding Author: Khin Phyu Pyar



Abdominal Aortic Calcification and Its Determinants in People Living with Maintenance Haemodialysis in 2 Selected
Public Hospitals from Myanmar

vascular calcification in hemodialysis patients using XXX. Kantauskaite, M., Bolten, K., Boschheidgen, M.,
vitamin K (Trevasc-HDK): A study protocol for a Schmidt, C., Kolb, T., Eckardt, K. U., Pasch, A.,
randomized controlled trial. Medicine, 99(36), Schimméller, L., Rump, L. C., Voelkl, J, &
€21906. Stegbauer, J. (n.d.).
https://doi.org/10.1097/MD.0000000000021906 XXXI. Ketteler, M., Westenfeld, R., Schlieper, G., &
XXII. Hayden, M. R, Tyagi, S. C., Kolb, L., Sowers, J. R., Brandenburg, V. (2005). Pathogenesis of vascular
& Khanna, R. (2005). Vascular ossification — calcification in dialysis patients. Clinical and
calcification in metabolic syndrome, type 2 diabetes Experimental ~ Nephrology, 9(4), 265-270.
mellitus, chronic kidney disease, and calciphylaxis — https://doi.org/10.1007/s10157-005-0385-4
calcific uremic arteriolopathy: The emerging role of XXXII. Kimura, K., Saika, Y., Otani, H., Fujii, R., Mune,
sodium thiosulfate. Cardiovascular Diabetology, M., & Yukawa, S. (1999). Factors associated with
4(1), 4. https://doi.org/10.1186/1475-2840-4-4 calcification of the abdominal aorta in hemodialysis
XXIIL. Hendig, D., Schulz, V., Arndt, M., Szliska, C., patients.  Proceedings of the International
Kleesiek, K., & Gotting, C. (2006). Role of Serum Symposium on Lipids and Renal Disease, 56, S238—
Fetuin-A, a Major Inhibitor of Systemic S241.
Calcification, in Pseudoxanthoma Elasticum. https://doi.org/10.1046/j.1523-1755.1999.07163.x
Clinical Chemistry, 52(2), 227-234. XXXIII. Kinugasa, M., Mori, S., Takaya, T., Ito, T., Tanaka,
https://doi.org/10.1373/clinchem.2005.059253 H., Satomi-Kobayashi, S., Fujiwara, S., Nishii, T.,
XXIV. Honkanen, E., Kauppila, L., Wikstrém, B., Rensma, Kono, A. K., Okita, Y., & Hirata, K. (2016). Serum
P. L., Krzesinski, J.-M., Aasarod, K., Verbeke, F., phosphate is an independent predictor of the total
Jensen, P. B., Mattelaer, P., & Volck, B. (2008). aortic calcification volume in non-hemodialysis
Abdominal aortic calcification in dialysis patients: patients undergoing cardiovascular surgery. Journal
Results of the CORD study. Nephrology, Dialysis, of Cardiology, 68(4), 308-315.
Transplantation :  Official ~Publication of the https://doi.org/10.1016/j.jjcc.2015.10.005
European Dialysis and Transplant Association - XXXIV. Klein, G. L. (2024). Phosphate as an adjunct to
European Renal Association, 23(12), 4009-4015. calcium in  promoting  coronary  vascular
https://doi.org/10.1093/ndt/gfn403 calcification in chronic inflammatory states. eLife,
XXV. Huybrechts, K. F., Jaime Caro, J., & London, G. M. 13, €91808. https://doi.org/10.7554/eL ife.91808
(2005). Modeling the implications of changes in XXXV. Kraus, M. A., Kalra, P. A., Hunter, J., Menoyo, J.,
vascular calcification in patients on hemodialysis. & Stankus, N. (2015). The prevalence of vascular
Kidney International, 67(4), 1532-1538. calcification in patients with end-stage renal disease
https://doi.org/10.1111/j.1523-1755.2005.00233.x on hemodialysis: A cross-sectional observational
XXVI. Jia, F., Wang, S., Jing, Y., Zhao, H., Rong, P., study. Therapeutic Advances in Chronic Disease,
Zhang, H., Lu, W., Xue, Y., & Sun, G. (n.d.). 6(3), 84-96.
XXVII. Kadoglou, N. P., Stasinopoulou, M., Velidakis, N., https://doi.org/10.1177/2040622315578654
Khattab, E., Christodoulou, E., Gkougkoudi, E., & XXXVI. Lanzer, P., Boehm, M., Sorribas, V., Thiriet, M.,
Valsami, G. (2024a). The Complex Mechanisms and Janzen, J., Zeller, T., St Hilaire, C., & Shanahan, C.
the Potential Effects of Statins on Vascular (2014). Medial vascular calcification revisited:
Calcification: A Narrative Review. In RCM (Vol. Review and perspectives. European Heart Journal,
25, Issue 2). 35(23), 1515-1525.
{https://www.imrpress.com/RCM/articles/10.31083 https://doi.org/10.1093/eurheartj/ehul63
/j.rcem2502051} XXXVII. Lee, H.-Y., Lim, S., & Park, S. (2021). Role of
XXVIII. Kadoglou, N. P., Stasinopoulou, M., Velidakis, N., Inflammation in Arterial Calcification. Korean Circ
Khattab, E., Christodoulou, E., Gkougkoudi, E., & J, 51(2), 114-125.
Valsami, G. (2024b). The Complex Mechanisms XXXVIII. Li, D.-Y., Sun, W., Zhou, X.-T., Wen, Y., & Zou, Y.
and the Potential Effects of Statins on Vascular (2024). Serum HDL-C subfractions as predictors of
Calcification: A Narrative Review. In RCM (Vol. cardiovascular  calcification in  hemodialysis
25, Issue 2). patients: Novel insights and clinical implications.
{https://www.imrpress.com/RCM/articles/10.31083 Frontiers in Medicine, 11, 1391057.
/j.rem2502051} https://doi.org/10.3389/fmed.2024.1391057
XXIX. Kalra, S. S., & Shanahan, C. M. (2012). Vascular XXXIX. Li, M., Li, Y., Liu, S., Yang, Y., & Jiang, P. (2025).
calcification and hypertension: Cause and effect. Risk factors for coronary artery calcification in
Annals of Medicine, 44(supl), S85-S92. Chinese  patients  undergoing  maintenance
https://doi.org/10.3109/07853890.2012.660498
1810 Volume 05 Issue 11 November 2025 Corresponding Author: Khin Phyu Pyar



Abdominal Aortic Calcification and Its Determinants in People Living with Maintenance Haemodialysis in 2 Selected
Public Hospitals from Myanmar

hemodialysis: A meta-analysis. International
Urology and Nephrology.

https://doi.org/10.1007/s11255-025-04535-w

https://journals.lww.com/jasn/fulltext/2009/07000/
vascular_calcification__the_killer_of patients.11.a
Spx

XL. Liabeuf, S., Olivier, B., Vemeer, C., Theuwissen, E., XLIX. Mizuiri, S., Nishizawa, Y., Doi, T., Yamashita, K.,
Magdeleyns, E., Aubert, C. E., Brazier, M., Shigemoto, K., Usui, K., Arita, M., Naito, T., Doi,
Mentaverri, R., Hartemann, A., & Massy, Z. A. S., & Masaki, T. (2021). Iron, coronary artery
(2014a). Vascular calcification in patients with type calcification, and mortality in patients undergoing
2 diabetes: The involvement of matrix Gla protein. hemodialysis. Renal Failure, 43(1), 371-380.
Cardiovascular Diabetology, 13(2), 85. https://doi.org/10.1080/0886022X.2021.1880937
https://doi.org/10.1186/1475-2840-13-85 L. Mohamed, M., Rahmani, Y., Durrani, T., Ali, S.,

XLI. Liabeuf, S., Olivier, B., Vemeer, C., Theuwissen, E., Chhapra, H., & Hussein, M. (2025). Vascular
Magdeleyns, E., Aubert, C. E., Brazier, M., Calcification: Understanding the Pathophysiology
Mentaverri, R., Hartemann, A., & Massy, Z. A. and Exploring Preventive Strategies-A Narrative
(2014b). Vascular calcification in patients with type Review. 2, 67.

2 diabetes: The involvement of matrix Gla protein. LI Mohamed, O. N., Mohamed, M. R. M., Hassan, I.
Cardiovascular Diabetology, 13(1), 85. G., Alakkad, A. F., Othman, A., Setouhi, A., & Issa,
https://doi.org/10.1186/1475-2840-13-85 A. S. (2024). The Relationship of Fetuin-A with
XLII. Lu, K.-C., Wu, C.-C., Yen, J.-F., & Liu, W.-C. Coronary Calcification, Carotid Atherosclerosis,
(2014). Vascular Calcification and Renal Bone and Mortality Risk in Non-Dialysis Chronic Kidney
Disorders. The Scientific World Journal, 2014(1), Disease. J Lipid Atheroscler, 13(2), 194-211.
637065. https://doi.org/10.1155/2014/637065 LII. Mori, K., Shoji, T., Nakatani, S., Uedono, H., Ochi,
XLIIL. Lv, J.-C., & Zhang, L.-X. (2019). Prevalence and A., Yoshida, H., Imanishi, Y., Morioka, T.,
Disease Burden of Chronic Kidney Disease. In B.- Tsujimoto, Y., Kuro-o, M., & Emoto, M. (2024).
C. Liu, H.-Y. Lan, & L.-L. Lv (Eds.), Renal Differential  associations of fetuin-A and
Fibrosis: Mechanisms and Therapies (pp. 3-15). calcification propensity with cardiovascular events
Springer Singapore. and subsequent mortality in patients undergoing
https://doi.org/10.1007/978-981-13-8871-2_1 hemodialysis. Clinical Kidney Journal, 17(3),
XLIV. Lyu, B., Banerjee, T., Scialla, J. J., Shafi, T, sfae042. https://doi.org/10.1093/ckj/sfae042
Yevzlin, A. S., Powe, N. R., Parekh, R. S., & Astor, LI, Mutluay, R., Konca Degertekin, C., Isiktag Sayilar,
B. C. (2018). Vascular Calcification Markers and E., Derici, U., Giiltekin, S., Gonen, S., Arinsoy, S.
Hemodialysis Vascular Access Complications. T., & Sindel, M. S. (2019). Serum fetuin-A is
American Journal of Nephrology, 48(5), 330-338. associated with the components of
https://doi.org/10.1159/000493549 MIAC(malnutrition, inflammation, atherosclerosis,
XLV. MA, O. (2015). Lipid Profile of Hemodialysis calcification) syndrome in different stages of
Patients at the CHU Sylvanus Olympio in Togo. chronic kidney disease. Turkish Journal of Medical
Internal Medicine: Open Access, 05. Sciences, 49(1), 327-335.
https://doi.org/10.4172/2165-8048.1000187 https://doi.org/10.3906/sag-1809-43
XLVI. Makar, M. S., & Pun, P. H. (2017). Sudden Cardiac LIV. Niu, Q., Zhao, H., Zuo, L., Wang, M., & Gan, L.
Death Among Hemodialysis Patients. American (2020). The effects of dialysis modalities on the
Journal of Kidney Diseases : The Official Journal of progression of coronary artery calcification in
the National Kidney Foundation, 69(5), 684—695. dialysis patients. BMC Nephrology, 21(1), 302.
https://doi.org/10.1053/j.ajkd.2016.12.006 https://doi.org/10.1186/512882-020-01963-x
XLVII. Mccullough, P. A., & Soman, S. (2004). LV. Odamaki, M., Shibata, T., Takita, T., & Kumagai,
Cardiovascular calcification in patients with chronic H. (2005). Serum fetuin-A and aortic calcification in
renal failure: Are we on target with this risk factor? hemodialysis patients. Kidney International, 68(6),
Hyperphosphatemia in the Increased Morbidity and 2915.https://doi.org/10.1111/j.1523-
Mortality of Patients with ESRD, 66, S18-S24. 1755.2005.00583_13.x
https://doi.org/10.1111/j.1523-1755.2004.09008.x LVI. Ohtake, T., & Kobayashi, S. (2017). Impact of
XLVIII. Mizobuchi, M., Towler, D., & Slatopolsky, E. vascular calcification on cardiovascular mortality in
(2009). Vascular Calcification: The Killer of hemodialysis  patients:  Clinical significance,
Patients with Chronic Kidney Disease. Journal of mechanisms and possible strategies for treatment.
the American Society of Nephrology, 20(7). Renal Replacement Therapy, 3(1), 13.
https://doi.org/10.1186/s41100-017-0094-y
1811 Volume 05 Issue 11 November 2025 Corresponding Author: Khin Phyu Pyar



Abdominal Aortic Calcification and Its Determinants in People Living with Maintenance Haemodialysis in 2 Selected
Public Hospitals from Myanmar

LVII. Oprisiu, R., Bunea, D., Tarek, S., Hedi, B., & Calcification in  Chronic Kidney Disease:
Fournier, A. (2002). Progression of vascular Pathogenesis and  Therapeutic  Implications.
calcification and dyslipidemia in patients on chronic International Journal of Molecular Sciences,
hemodialysis. American Journal of Kidney 25(23). https://doi.org/10.3390/ijms252313096
Diseases, 39(1), 209. LXVIL. Siracusa, C., Carabetta, N., Morano, M. B., Manica,
https://doi.org/10.1053/ajkd.2002.30955 M., Strangio, A., Sabatino, J., Leo, I., Castagna, A.,

LVIII. Ossareh, S., Rayatnia, M., Vahedi, M., Jafari, H., & Cianflone, E., Torella, D., Andreucci, M., Zicarelli,
Zebarjadi, M. (2020). Association of Serum Fetuin- M. T., Musolino, M., Bolignano, D., Coppolino, G.,
A with Vascular Calcification in Hemodialysis & De Rosa, S. (2024b). Understanding Vascular
Patients and Its’ Impact on 3-year Mortality. Iranian Calcification in  Chronic Kidney Disease:
Journal of Kidney Diseases, 14, 500-509. Pathogenesis and  Therapeutic  Implications.

LIX. Pan, W., Jie, W., & Huang, H. (2023). Vascular International Journal of Molecular Sciences,
calcification.  Molecular ~ mechanisms  and 25(23). https://doi.org/10.3390/ijms252313096
therapeutic interventions. MedComm, 4(1), e200. LXVIIIL. Spiegel, D. M., Raggi, P., Mehta, R., Lindberg, J. S.,
https://doi.org/10.1002/mco2.200 Chonchol, M., Ehrlich, J., James, G., Chertow, G.

LX. Petrovi¢, M., Brkovi¢, V., Barali¢, M., Mari¢, 1., M., & Block, G. A. (2004). Coronary and aortic
Petkovi¢, N., Stankovi¢, S., Lali¢, N., Stanisavljevic, calcifications in patients new to dialysis.
D., DPukanovié, L., & Lezai¢, V. (2024). Hemaodialysis International, 8(3), 265-272.
Comparative Analysis of Vascular Calcification https://doi.org/10.1111/j.1492-7535.2004.01104.x
Risk Factors in Pre-Hemodialysis and Prevalent LXIX. Surana, S. P., Keithi-Reddy, S. R., & Singh, A. K.
Hemodialysis  Adult Patients: Insights into (2008). Diffuse vascular calcification in a dialysis
Calcification = Biomarker  Associations  and patient. Kidney International, 73(7), 890-894.
Implications for Intervention Strategies in Chronic https://doi.org/10.1038/sj.ki.5002770
Kidney Disease. Diagnostics, 14(8). LXX. Tadokoro, T., Kato, A., Ohmori, H., Matsumoto, T.,
https://doi.org/10.3390/diagnostics14080824 Kuro-O, M., Kobayashi, T., & Ohdan, H. (2024).

LXI. Peyro-Shabani, A., Nabahati, M., Saber- Serum Calcification Propensity T50 Is Associated
Sadeghdoust, M.-A., Soleymani, M. J., & Oliaei, F. with Soluble Thrombomodulin in Patients on
(2018). Risk factors associated with aortic Hemodialysis. Journal of Clinical Medicine, 13(12).
calcification in hemodialysis patients. Caspian https://doi.org/10.3390/jcm13123491
Journal of Internal Medicine, 9(4), 347-352. LXXI. Taniwaki, H., Ishimura, E., Tabata, T., Tsujimoto,
https://doi.org/10.22088/cjim.9.4.347 Y., Shioi, A., Shoji, T., Inaba, M., Inoue, T., &

LXII. Qin, Z., Liao, R., Xiong, Y., Jiang, L., Li, J., Wang, Nishizawa, Y. (2005). Aortic calcification in
L., Han, M., Sun, S., Geng, J., Yang, Q., Zhang, Z., haemodialysis patients with diabetes mellitus.
Li, Y., Du, H., & Su, B. (2021). A narrative review Nephrology Dialysis Transplantation, 20(11),
of exosomes in vascular calcification. 2021, 9(7), 2472-2478. https://doi.org/10.1093/ndt/gfi039
579. LXXIl.  Tatyana Archakova & Liudmila Nedosugova.

LXIII. Qunibi, W. Y. (2005). Dyslipidemia and progression (2018). Risk factors for atherosclerosis and vascular
of cardiovascular calcification (CVC) in patients calcification in patients with type 2 diabetes on long-
with end-stage renal disease (ESRD). Kidney term  hemodialysis.  Vessel Plus, 2, 34.
International, 67, S43-S50. https://doi.org/10.20517/2574-1209.2018.52
https://doi.org/10.1111/j.1523-1755.2005.09507.x LXXIII. Turkmen, K., Gorgulu, N., Uysal, M., Ozkok, A.,

LXIV.Raggi, P. (2002). Cardiovascular calcification and Sakaci, T., Unsal, A., & Yildiz, A. (2011). Fetuin-A,
disease in adult hemodialysis patients. Dialysis & inflammation, and coronary artery calcification in
Transplantation, 31, 393—400. hemodialysis  patients.  Indian  Journal  of

LXV. Schoppet, M., Rauner, M., Benner, J., Chapurlat, R., Nephrology, 21(2), 90-94.

Hofbauer, L. C., & Szulc, P. (2015). Serum fetuin-A https://doi.org/10.4103/0971-4065.82128

levels and abdominal aortic calcification in healthy LXXIV. Ulutas, O., Taskapan, M. C., Dogan, A., Baysal, T.,

men—The STRAMBO study. Bone, 79, 196-202. & Taskapan, H. (2018). Vascular calcification is not

https://doi.org/10.1016/j.bone.2015.06.004 related to serum fetuin-A and osteopontin levels in
LXVI. Siracusa, C., Carabetta, N., Morano, M. B., Manica, hemodialysis patients. International Urology and

M., Strangio, A., Sabatino, J., Leo, I., Castagna, A., Nephrology, 50(1), 137-142.

Cianflone, E., Torella, D., Andreucci, M., Zicarelli, https://doi.org/10.1007/s11255-017-1740-6

M. T., Musolino, M., Bolignano, D., Coppolino, G., LXXV. Wang, Z., lJiang, A., & Wei, F. (2018).

& De Rosa, S. (2024a). Understanding Vascular SP568RELATIONSHIP BETWEEN CORONARY

1812 Volume 05 Issue 11 November 2025 Corresponding Author: Khin Phyu Pyar



Abdominal Aortic Calcification and Its Determinants in People Living with Maintenance Haemodialysis in 2 Selected
Public Hospitals from Myanmar

LXXVI.

LXXVII.

LXXVIII.

ARTERY CALCIFICATION AND OUTCOMES
IN MAINTENANCE HEMODIALYSIS
PATIENTS. Nephrology Dialysis Transplantation,
33(suppl_1), i539-i539.
https://doi.org/10.1093/ndt/gfy104.SP568

Yang, S., Zeng, Z., Yuan, Q., Chen, Q., Wang, Z.,
Xie, H., & Liu, J. (2023). Vascular calcification:
From the perspective of crosstalk. Molecular
Biomedicine, 4(1), 35.
https://doi.org/10.1186/s43556-023-00146-y

Yao, H., Sun, Z., Zang, G., Zhang, L., Hou, L., Shao,
C., & Wang, Z. (2021). Epidemiological Research
Advances in Vascular Calcification in Diabetes.
Journal of Diabetes Research, 2021(1), 4461311.
https://doi.org/10.1155/2021/4461311

Zhang, H., Li, G., Yu, X,, Yang, J., Jiang, A., Cheng,
H., Fu, J., Liang, X., Liu, J., Lou, J., Wang, M.,
Xing, C., Zhang, A., Zhang, M., Xiao, X., Yu, C.,

LXXIX.

LXXX.

Wang, R., Wang, L., Chen, Y., ... China Dialysis
Calcification Study Group. (2023).

Progression of Vascular Calcification and Clinical
Outcomes in Patients Receiving Maintenance
Dialysis. JAMA Network Open, 6(5), €2310909-
€2310909.
https://doi.org/10.1001/jamanetworkopen.2023.10909
Zhang, Q.-L., & Rothenbacher, D. (2008).
Prevalence of chronic kidney disease in population-
based studies: Systematic review. BMC Public
Health, 8(1), 117. https://doi.org/10.1186/1471-
2458-8-117

Zheng, S., de las Fuentes, L., Bierhals, A., Ash-
Bernal, R., Spence, K., Slatopolsky, E., Davila-
Roman, V. G., & Delmez, J. (2009). Relation of
serum fetuin-A levels to coronary artery calcium in
African-American patients on chronic hemodialysis.
The American Journal of Cardiology, 103(1), 46—
49. https://doi.org/10.1016/j.amjcard.2008.08.032

1813 Volume 05 Issue 11 November 2025

Corresponding Author: Khin Phyu Pyar



