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Abstract
Background : The presence and severity of cardiovascular calcifications strongly predict cardiovascular
mortality in patients with chronic kidney disease (CKD). Most studies examining calcification in CKD
patients use computed tomographic (CT)-based techniques to detect coronary artery calcification (CAC);
which is relatively expensive. This study focuses on testing whether lateral abdominal radiographs, which
are widely available, less costly, could be used instead of CT imaging.
Methods : A cross-sectional study was done in pre-dialysis CKD patients in Bhumibol Adulyadej Hospital,
Royal Thai Air Force. All participants were investigated by CT-based CAC scores and lateral plain film of
the lumbosacral (LS) region to detect abdominal aortic calcification (AAC) scores within 3 months following
enrolment. Medical data were collected from patients and medical records.
Results : A total of 70 patients (44 males, 26 females), aged 70.59+10.16 years were enrolled in this study.
There was a significant association between CT-based CAC scores and plain film-based AAC scores.
The correlation coefficient (r) between CAC scores and 4 scales AAC, 8 scales AAC and 24 scales AAC was
0.399 (p=0.001), 0.364 (p=0.002) and 0.385 (p=0.001), respectively. The CAC scores > 400, which is considered
to be a good predictor of cardiovascular mortality, was chosen to be tested with various AAC scores. It was
shown that CAC scores > 400 has strong correlation with AAC > 2 in 4 scales AAC [sensitivity = 93.5 %,
specificity = 59 %, area under the curve (AUC) = 0.783], AAC > 3 in 8 scales AAC [sensitivity = 83.9 %,
specificity = 64.1 %, AUC = 0.766], and AAC > 4 in 24 scales AAC [sensitivity = 87.1 %, specificity = 71.8 %,
AUC = .799]. There was also a good correlation between each AAC scales.
Conclusion : Abdominal aortic calcification detected by lateral abdominal radiographs could be used
instead of CT-based coronary calcification scores. Prognostic value of the abdominal aortic calcification in
this population should be determined in large scale, prospective cohort studies.
Keywords : chronic kidney disease, vascular calcification, coronary artery calcification, abdominal aortic
calcification
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Total (n=70) CACS 0 CACS 1-100 CACS 101-400 CACS>400
(N=12) (N=14) (N=13) (N=31) p-value
Male gender 44 (62.9 %) 9 (75 %) 6 (42.9 %) 10 (76.9 %) 19 (61.3 %) 0.232
age 70.59 + 10.16 61.83 +10.74 69.07 + 10.71 7131 +9.74 74.35 + 7.81 0.002*
Body mass index 25.41 + 4.61 2537 +42 26.68 +5.74 26.11 + 3.47 24.56 + 4.64 0.496
Framingham risk 23.35 (15.4, 40.6) 23.23 + 17.41 26.34 + 16.05 28.72 + 21.62 32.59 +16.34 0.409
Hypertension 68 (97.1 %) 11 (91.7 %) 14 (100 %) 12 (92.3 %) 31 (100 %) 0.294
Systolic BP  139.66 + 15.85 146.33 + 14.67 138.21 + 1509 135564 +19.2 39.45 + 16.09 0.379
Diastolic BP  77.29 + 12.46 845 +14.9 75.14 + 9.77 80.54 + 10.87 74.1 +12.22 0.058
Diabetes 27 (38.6 %) 1 (8.3 %) 5 (35.7 %) 7 (53.8 %) 14 (45.2 %) 0.089
Dyslipidemia 65 (92.9 %) 10 (83.3 %) 13 (92.9 %) 12 (92.3 %) 30 (96.8 %) 0.5
Chronic kidney-
disease stage
Stage 3a 21 (30 %) 7 (58.3 %) 6 (42.9 %) 2 (154 %) 6 (19.4 %) 0.395
Stage 3b 23 (32.8 %) 3 (25 %) 5 (35.7 %) 6 (46.2 %) 9 (29 %)
Stage 4 21 (30 %) 2 (16.7 %) 3(21.4 %) 4 (30.8 %) 12 (38.7 %)
Stage b 5 (7.2 %) 0(0 %) 0(0 %) 1(7.7 %) 4(12.9 %)
Laboratory
Hemoglobin 12.29 + 1.87 12.7 + 2.79 12.97 +1.31 12.48 + 2.02 11.74 + 148 0.154
Potassium 4.28 + 0.63 445 +04 417 +0.53 4.28 + 047 4.26 + 0.6 0.610
Bicarbonate 24.26 + 2.76 24.33 +3.23 2471 +2.23 2531 + 2.81 2358 + 271 0.249
Calcium 9.43 + 049 943 +0.44 9.57 +0.38 9.44 + 0.66 9.37 + 0.63 0.650
Albumin 419+ 041 432 +0.38 415 +0.31 411 +0.38 4.2 + 047 0.614
Phosphate 3.3 +0.65 316 +0.75 3.14 +0.62 3.38 + 0.46 34 + 051 0.358
Creatinine 2.06 + 1.04 184 +0.78 1.66 + 0.52 217 £ 0.92 2.28 +1.29 0.249
eGFR 36.18 + 13.49 42.21 +156.01 39.06 + 9.68 32.76 +11.93 31.73 + 14.02 0.073
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Total (n=70) CACS 0 CACS 1-100 CACS 101-400 CACS>400

(N=12) (N=14) (N=13) (N=31) p-value
Cholesterol 169.09 + 33.65 175.5 + 39.61 168.5 + 27.26 139.15 + 24.29 166.84 + 33.82 0.031*
Triglyceride 137.11 + 7143 171.33 + 89.97 147.07 + 84.81 113.38 + 54.9 129.32 + 60.2 0.185
LDL 99.64 + 31.37 115 + 46.78 99 +14.28 79.85 + 16.16 102.29 + 32.11 0.037*
HDL 52.73 + 16.17 50.68 + 11.81 50.14 + 9.69 56.31 + 22.96 53.65 + 14.79 0.776
Vitamin D 30.95 + 10.98 33.38 + 12.86 33.23 + 948 3023 +7.14 29.27 +12.23 0.588
Parathyroid-
hormone 82.57 + 48.95 58.6 + 16.8b 82.64 + 46.94 84.08 + 48.06 91.23 + 66.72 0.278

manheuadulsiguuudinieuasanasnunnasgu (MeantSD.) uaz Fouas (%), P-value ldanmadmwnisiia ANOVA
Wae Chi-square
¢ea : BP, blood pressure; CAC, coronary artery calcification; eGFR, estimated glomerular filtration rate; HDL, high density

lipoprotein; LDL, low density lipoprotein.

B ¥ v o Aa | ) o AV A | o K X
NNTaya Nl EAleNauand et 3 Jad BilinunRemauanenati 333 UAse Calcium,
ae i ymIatifissndng 4 nqu 289 total CACS  phosphate, Vitamin D 1§y PTH

Aa 218, total cholesterol Wway LDL uaninioan

maeh 2 Ltameﬁ'au”a AAC uag total CACS Lﬁakﬂ%ﬂﬂtﬁﬂﬂ}jﬂ'&&l 4 ﬂEiNI@]EILLﬂGGnN total CACS Iﬂ&lﬂ'li@]i?ilﬂy?&l

4 @ 6 ¢ a €
LATAILNALILADNWILADT

CACS0  CACS 1-100 CACS 101-400 CACS >400

(N=12) (N=14) (N=13) (N=31) p-value
Abdominal aortic calcification
AAC4" 00,1 2(0,3 1(1,4) 32,4 <0.001*
AAC8” 0(0, 1.5) 5(0,5) 2(1,8) 5(3,8) <0.001*
AAC24" 0(0, 1.5) 25(0,7) 3(1,13) 9 (5, 15) <0.001*
Branches of coronary artery
LM 0(0,0) 0(0,1.3) 1.8 (0, 8.2) 24 (0, 81.9) <0.001*
LAD" 0(0,0 5.7 (0, 34.1) 124.2 (56.8, 144.5) 322.8 (191.8, 607.5) <0.001*
Lcx® 0(0,0 0 (0, 10.2) 0(0,74) 50.5 (0, 260.8) <0.001*
RCA” 0(0,0 3(0,12) 13.7 (0, 82.2) 419 (223.2, 726.5) <0.001*

mmmmuavﬁLmﬂugmmumgaﬁa (IQR; percentile 25, percentile 75), P-value Ieannsewmafia Kruskal Wallis
(1)AAC4, (Z)AACS, DAAC24 fin AD1laudin AAC SNALULLEN 4,8, 24 MNAIAU “left main coronary artery, ®left anterior coronary

artery, "left circumflex coronary artery, right coronary artery

22 b4 ¥ 4 U 1 L% 5w aa g 4
andoyatieduilaglungu AAC4, AACS,  vasazunn AAC athefiviuddnvmeadd Zadle total

AAC24 uthen total CACS il 4 ngwfia 0, 1-100,  CACS Wissnnau e AAC Aflusnlstiazileniadu

101-400, PN 400 1OAFGU WUNAANMANTTU  MmnceguRein wanaNHTIgUaNaNLIwITD
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omaamidonundlalua 4 @ #o LM, LAD, LCX
usz RCA Tuis 4 nANYaY total CACS finuany
uaneheiuathafsiusdmesdialuynuansduien
ALY

Savh AAC 1 3 RN ANNENALS T
total CACS ansnanuaaslefmaenmidt 3 uawgui 1-3

M99 3 LEAIMANANWUTTZHING AAC MU total CACS

Total CACS
r p-value
AAC4 0.399 0.001*
AACS 0.364 0.002*
AAC24 0.385 0.001*

mﬁmhLﬂuaﬁmmﬂugmmu SMENWUS (correlation), P-value

VL@”mnmiﬁwmmjﬁ@ Pearson correlation test

4,000
r=0.399, p=0.001
o o
3,000
o
0
2 o
o
T 2,000
ds (o]
[t

2npo

C4

-'-‘-—FDGHD(@OO

Ul 1 AENANWAD52:319 Total CACS fU AAC4

400071 . —p.364, p=0.002
o o
3,000
Q
g o
< o
2,000
B @ o
[
T
8

AACS

54 2 AsudaiussInINe Total CACS iy AACS
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400071 —g385, p=0.001
o o
3,000
o

Q
g o
< o
T 2,000
I3 © o
-

AAC24

51U 3 AANINNUD52IS Total CACS AU AAC24

WU AACA, AACS, AAC24 1%
AaNuFuAns T na Nl a9y total CACS
a i IEDa uasiah AAC i3 3 nax an

A A o A o v € v
WisuuriesiagAnaEius ssnsauansle

eNFUN 4-5

8.00 Q
r=0.953, p<0.001

2.007

0.00T T T T T
0.00 1.00 2.00 3.00 4.00

AAC4
Model: AAC4 = 0.395+ 0.495(AAC8)

54 4 sudaiusssnine AAC4 iU AACS

25
r=0.881, p<0.001

20

o

AAC4
Model: AAC4 = 0.807+ 0.207(AAC24)

51U 5 AavdaRusTNINe AACA U AAC24



Vol. 67 No.2 May - August 2021

auiwinflan3suisuanudaiussening
AAC4, AACS uay AAC24 WueNNANRUBITuaN 1MUY
inssaehaiiibshdumeada lnesmnansamnaamsans
é’&lﬁuﬁi@ﬂmiﬁ’lmmﬁﬁﬂ linear regression analysis
WU AACH = 0.395+0495 (AACS) WlauAsuiiey
FEMIN AAC4 U AACS Way AAC4 = 0.807+0.207

Sensitivity
0.50 0.75 1.00
| | |

0.25
|
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(AAC24) WawSeuiieusyniy AACA iU AAC24
Wiaguaniehl total CACS annh 400 wrieieiia

Femeieeds ROC curve udmaldmagid 6 uae

N 4 siasndlasdiessiuuunwriiugs (multi-

variate analysis) WaASlAMNMTIN 5

0.00
|

T T
0.00 0.25

T
0.50

1-Specificity

T
0.75 1.00

—a&— AAC4 ROC area: 0.7829
—@—— AAC24 ROC area: 0.7986

——4&—- AAC8 ROC area: 0.7655

Reference

311 6 UWSA9 ROC area 229 AAC4, AACS, AAC24 LilD total CACS 3NN 400 Lariaeine

M7 4 USAARAGATIVANTHAYY AAC 1D total CACS §1NNAN 400 LarieGn

Spec PPV

NPV Accuracy AUC

Test Variables Cut off Sen
AAC4 >2 935 %
AACS8 >2 96.8 %
AAC24 >4 87.1 %

59.0 % 64.4 %
51.3 % 61.2 %
71.8 % 711 %

92.0 % 74.3 % 0.783
95.2 % 71.4 % 0.766
87.56 % 78.6 % 0.799

M99 5 nﬁ%mﬂzﬁtswwqéi‘auﬂwaaﬂaiﬂﬁﬁmm FuWus6ian 198 total CACS NINNTT 400 LRNEG

Adjusted OR (95 %CI) p-value Adjusted OR (95 %CI)  p-value
GFR 1(0.94, 1.07) 0.97 Vitamin D 1 (0.94, 1.06) 0.946
Ca 0.7 (0.19, 2.61) 0.59 PTH 1 (0.99, 1.02) 0.812
PO4 1.3 (0.37, 4.58) 0.682 AAC24 >4 15.94 (4.27, 59.52) 0.001*
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d' a 6 (3 [ d'd
MmN 5 Mmeenziuuuwsiulsrasladehiiang
Funusean1sil total CACS 8NN 400 LNHE

Adjusted OR (95 %CI) p-value
GFR 1(0.94, 1.07) 0.97
Ca 0.7 (0.19, 2.61) 0.59
PO4 1.3 (0.37, 4.58) 0.682
Vitamin D 1 (0.94, 1.06) 0.946
PTH 1(0.99, 1.02) 0.812
AAC24 > 4 15.94 (4.27, 59.52) 0.001*

A9 LﬂuaéhLLﬁJﬂu;;ﬂLLwé’mwdmaa@ (OR; Odd ratio Tany

95 %: confidence interval), P-value VL@”mﬂmiﬁwmmsﬁﬁ@

Logistic regression analysis (L)

A &
'e'lﬂl]ﬁ'lﬁl&lﬁﬂ'l‘i [1C 4l
A E - .

NMIENETNUNMIUSA AAC FMEMSeTIa
BnaistimudsrasnszgnaUnAsE i 0N ERALS
U total CACS MumMInTaviaaniaanilalalania
3 A & ¢ ¢ A L X o do
mmmmLaﬂmﬁmammmaﬂmqwmaimnamm

) EZ o W ;Q! [~ a a %
Lailasumathiomeaumsle Faduwllufemadeatums
Anwag Bellasi wazane” lwida Correlation of
simple imaging tests and coronary artery calcium
measured by computed tomography in hemodialysis
. [~ = U A’L EZ o W

patients I@mﬂuﬂﬁﬂﬂwﬂu@mw FsumMsthinnewm
laceAtnandoneinioslafion uaslsedn AAC
U [~3 1 Zj 1 = Z [ v
MEALUUAN 24 Whiih LLG]GL%mﬁ@Tﬂ‘]:ﬂuVHELu@U’]HVLG]
oo AoV Mo .o L.
Foseneslilasumahtemeunlalusses 35 T
14381suidin AAC T 3 sUuny @ AAC4, AACS uaz
AAC24 FINAMIANNHEININUANNENAUSIRI AAC
YOUUU AAC4, AACS Way AAC24 fiU total CACS
@) % v o € v A = a
DU NS ANNTNNUT WULLE UGS Liasilau/Saudiey
Usvansnmansmitiasalasld ROC curve i total
CACS snnn 400 &6 Fauanil high likelihood
of at least one significant coronary stenosis™ s
wuh AAC fdaduedasilafia devhliradafinanzas
289 AAC4, AACS way AAC24 19 Taemumwhiy 2,
2, 4 {9 total CACS NN 400 ONEGH MNEIGU
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Taewumnen AAC24 udlemNaNwuety total CACS
annfige udachslshd AAC ynFdduseAnBmnlums
5 total CACS usianhelunmutanaiinazmang
o Y VIRCIRE 3 : o A
Auwmnehialof I leSsdunnedfife AACS Feqadnd
WAL 2 §SU total CACS 8NN 400 ENEGH
A 6w - o
AnMylegidayadadunuguiasiade
aa 3 I [ 1=II o v fa A I ;’i
mMeadin asinndadendNiusdiies a1y whiu
Tnethseitiadmnians atherosclerotic risk 9a1aWe
ANAlaiiasdivd) atherosclerotic risk UnadLaAN
M3iAn vascular calcification & wei1RaLilTady
- A o 2 A 4
NNIRNE N WIRU LTINS INITE N HIND 3
peslsfauiTadanesn CKD H93vauii Nnngn
Tomaflagwuil total CACS NN 100 LORad
Asauennliene Inawusouay 40, 65 76 uay 100 1
CKD 528 3a, 3b, 4 LAY 5 FNNAGL
anMmyeNAeyaNansaMaiaa N
WUTRALNENWUS @8 total cholesterol Wae LDL Wt
§7% Ca, PO4, vitamin D wae PTH @sdauhs arterio-
sclerotic risk lNNUAMNANNLS U6l PO4 Ly PTH
Y 4 e A Aoxm . A A
uu@mm’ﬂuwamwmmmm GFR 7ishad 2901918
a € g v U1 U 1 g [ Z{ L% ) U
’;Lm‘swzw,umwvlwmum’;aﬂaqﬂimvl,@]Limmmvl,ﬂmw,m
M IiAnINAaus LN Uaan s maRaUn
1 1 [ = iltdl Yo o [
pEIA BT aLAS 0l wan 7 e SUM ST ANa UL
1 (9 a o A% 1A tdl 73 =
sanrandawnan ks sifamanazuaaslwidiuie
o o 64V vd
ANNANNAT I AT
Y o w = z 12 1 o v tdl U
Taerasmaanmi e Sanptheiia
| 2 Ao \ A P
saumsinmaadawnlisnnnafaziaas Misu
fadefidonats total CACS 16 uavanaflondlusa
myutlana AAC aule

aqu
- i - .
massfiuanaid esrasmaiialsnin lauay
A U z % FA L% I\ E2 %

viaaaidon fthelaGesenids allesumm iameunula
H ¢ o
uuamﬁﬂ%'mﬁm’mLﬁmﬂﬁam”mfﬁﬁwmmz@ﬂﬂmm
daiothudie AAC AWM FMIeTaviaaaiEan
o A A G € ¢ a ¢ A A
wlalalswameeIasindistnaniaaasiiatsedin
total CACS ot
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