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Factors Affecting Coronary Arterial Calcification in Patients
with Chronic Kidney Disease Who Did Not Undergo Treatment

with Dialysis
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Soo Wan Kim, MD?, Yun-Hyeon Kim, MD'*

Departments of 'Radiology, “Nephrology, Chonnam National University Hospital, Chonnam National University Medical School, Gwangju, Korea

Purpose: To investigate risk factors of coronary arterial calcification in chronic kid-
ney disease (CKD) patients who did not undergo hemodialysis or peritoneal dialysis.
Materials and Methods: We enrolled 83 patients of normal renal function (Group )
and 112 patients of CKD [Group Il (CKD stage 1-2) and Group Il (CKD stage 3-5)],

Index terms

Chronic Kidney Failure
Coronary Artery Disease
Computed X-ray Tomography

who were assessed coronary artery calcium score (CACS) with cardiac CT. CACS be-

tween the groups were compared. Risk factors for coronary artery calcification in
patients with CKD including diabetes, hypertension, and smoking were identified as
relevant to CACS using logistic regression analysis. Serologic data of electrolytes
were analyzed to evaluate effect for coronary calcification in patients with CKD.
Results: Group lll showed significant increment of CACS compared to Group | at
the CACS level over 400 [odds ratio (OR) = 7.581, p = 0.01]. The OR were decreased in
non-diabetic patients group, increased in non-hypertensive patients group, no signifi-
cant differences in non-current smoker group. Serum phosphorous level was the
only factor which showed significant effect for increased CACS (OR of 2.649, p = 0.02).
Conclusion: In CKD patients, higher stage of CKD was associated with increased
CACS. Diabetes mellitus and increased serum phosphorous level would be consid-
ered as factors influencing coronary arterial calcification in CKD patients.
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MATOM Definition Flash, Siemens Healthineers, Erlangen,
Germany )& ©-8-510] A3F4 ECG-gated CCTE A4S
TR 120 kVp, WAF= 100 mAs, AHEE7 0.63 mm, Al
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A= propranolol (Tepra(E Tablet 40 mg, Hanall Biopharma,
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Fig. 1. Measurement of Agatston coronary calcium score. Coronary
arterial calcifications with attenuation above 130 Hounsfield unit is
selected automatically on electrocardiography gated axial CT images
(A-C), and Agatston coronary calcium score is calculated (D). Simul-
taneously patient's calcium score is rated on age-calcium score graphs

(B).

89



QLI 2URIOfM 2 FH MD[o 201 A

[

(Agatston) T2 EZ-S 0]85t5 2™, 130 Hounsfield unit (°]
St HU) ool UEE Hofm yo7k | mm? ol ¥wio]
FeW AX[Of UG S o= qSIo] ZHzEo] BwHoA
130~199 HUQ!I A< 14, 200~299 HU 2l 7% 27, 300~
399 HUQI 7% 34, 400 oVl 44 40 = 51, o] gr52]
oo 2 =Hsignt &2 AFoA+= Barreto 5(10)2 Kramer
S(11)°] o83k Zut ZHo] CACS7E 10 5kl 749 whAFsuH
A5|5171 24491 Zo R Thstar, 1022t 100 ©JstQl 4%
E AL TARSW A35]5} 100 23, 400 OJBIQ1 A F5%
WM A3}, 400 2R 749 1w 0] TAFE W 455k
ZJoloret.

£ 2

1

=

[

AFBIAEE. o]

Ak

4
0.
M4

o] Ay, IpAE] FAMHPAL R Y CACSE

T H59 B ol2d Wl
= 18U {7 5)= chi-square F4S, T&Hp(Cl: Yo,
CACS, GNHAL 2] 5)= student t-782 AIYSIRCH, p
< 0.059] 4% FAA Foldol 9= A= skt ®
St o|B 2X|AE Sl HEA (binary logistic regression analy-
sis)2 18519 Group 13+ Group I ¥ Group IIE 22} vl
st} A, S5k, 1 Eo] WEW A3|skola wAElE
SHYloH, T, TEY, T 5O AGH e AAJMRPE
= ot Q= Foll tistoin e -2 FAA o2 wH|

AN
T5te], CKD SHAfolA] Z12to] QIQIzbrt CACSO] Aake

n
ogl -

g M

4
b

0
Hd

fujr
olr

Ok HEE oot o5 BAoA] TAFE A5]slo]
HakS DI 4 Gl AR defH Lol A, BF Zelad|

E(total cholesterol, LDL-cholesterol) ¥ A X% (triglycer-
ide)2 THHORE HAJoIICt

ESFCKD AR (Group 11, Group IIYRS tiAkC 2 CACS
O ZF F7HAE, 5%, 1%)oA & Z<5(total calcium)2}
Ql(phosphorus), Ze|AEl=(total cholesterol, LDL choles-
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CH(Tables 1, 2). AL Hat Uol= 59.841(27~84A41) %R

90

Table 1. Characteristics of Study Populations by Presence of CKD
CKD (+) CKD (-)

Characteristic (n=112) (n=83) p-Value
Age (year) 58.09 + 10.97 62.13 +9.40 0.007
Male sex (%) 73 (65.2) 53(63.9) 0.848
Hypertension (%) 65 (58.0) 28 (33.7) <0.001
Diabetes mellitus (%) 44 (39.3) 13(15.7) <0.001
Dyslipidemia (%) 45 (40.2) 23 (27.7) 0.071
Current smoker (%) 14 (12.5) 21(25.3) 0.021
Serum creatinine (mg/dL) 1.73 £ 091 072 +0.16 <0.001
GFR (mL/min/1.73 m?) 476 +22.41 104.7 + 20.66 < 0.001
Uric acid (mg/dL) 7.2 + 564 50+ 1.40 <0.001
Total cholesterol (mg/dL) 175.4 + 44.87 187.7 + 38.05 0.040
LDL cholesterol (mg/dL) 105.0 + 35.20 121.0 + 34.22 0.002
Triglyceride (mg/dL) 179.2 + 13844 1335+ 70.20 0.003
Coronary artery calcium 2554 +636.24 106.3 + 278.38 0.028

score
Coronary arterial 75 (67.0) 45 (54.2) 0.070
calcification (%)

LM (9%0) 21(18.8) 10 (12.0) 0.206
LAD (%) 63 (56.3) 39 (47.0) 0.200
LCX (%) 32(28.6) 19 (22.9) 0.372
RCA (%) 53 (47.3) 29 (34.9) 0.083

CKD = chronic kidney disease, GFR = glomerular filtration rate, LAD = left
anterior descending artery, LCX = left circumflex artery, LM = left main cor-
onary artery, RCA = right coronary artery

oH, o] T FA} 126(64.6%) 010t HA| T 5
47.7%7F TELE 720, CKD(58.0%) 04 4t 417]
5 (33.7%)°1 Blot F-2J5HAl =2k p <0.001), CKD
o] B7o] w2 2Jof Ql= Apol= gioltth o] FHES
CKD(39.3%) 9 84 4171-6-(15.7%)°ll vlsto] g-Clsh
A =91 (p <0.001), CKD Z9A = Group 1IOIA Group
[10]] 8[5to] F-2J5HAl =UTHp = 0.03). A FHok= THAF
£ 17.9%%20] o= CKD(12.5%)°1 Blstod AL A7 157
(25.3%)°1A B Wkot(p = 0.02), CKD2] @70 wh= 9
O] = Aol= gl & FEAEHES HA A7 sTollA
CKD+°fl vJsto] [-2I5HA] =9ro™(187.7 + 38.05 vs.
175.4 + 44.87, p = 0.04), LDL-ZR~HZE 22 AWS
HATH121.0 + 34.22 vs. 105.0 + 35.20, p = 0.002). &
/A2 CKDo| A+ A7 1ol Bloto] §-2JsthAl =9k

(179.2 + 138.44 vs. 133.5 + 70.20, p = 0.003). SFX|5}t 0]
23t EF AR £215-2 CKDO| ©7]of what §-ofgh 2joj=
STt A TR B4 Ak W Alelok= o)
Y=l (left anterior descending artery)Ol|A] 714 T2 vl 2
HHOW(85%), tha 02 QLAFEW(right coronary artery)
(68.3%), ZslA5 W (left circumflex artery: ©J8F LCX)
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Table 2. Characteristics of CKD Populations Categorized by Stage of  (42.5%), ZAFS 0N 23R8 (left main artery)(25.8%)°] &

CKD — — olgict. Group HICYARE Group 1191 Bl LCXOIA] 8-2l5}7
N 1-2 35 o uee bl
Characteristic (n = 39) (n=73) p-Value =0 L5 HtHp = 0.024).
Age (year) 5836+ 11.12 5795+ 1096 0850 CACS= 8t 191.9 (0~5602.9) %325, 50.3%141 10 O]
Male sex (%) 27 (69.2) 46 (630 0433 M=, 29.7%°14 100-& 21Fst9loH, 12.3%C1A41 4005 =
Hypertension (o) 21 (53.8) 44(603 o511 pstdct, @3 F ZH5-2 Group 1191141 Group 111€1 Blaf -3-2]

)
)

Diabetes mellitus (%) 10 (25.6) 34 (46.6) 0.031 SHA =9k (p = 0.04), 2 Group 111914 Group 110 ¥
)

Dyslipidemia (%) 11 (28.2) 34 (46.6 0.059 &l %%‘QL]-’ 9 0J5} xjol= Qlottk( p =0. 09)

Serum creatinine (mg/dL] 099 +0.15 2.13+089 <0.001 = _

g ~7<0Pt: g ZV7Vof| & 5

GFR (mL/min/1.73 m3) 738+88 33641278 <0001  © - of ]] w© L}Toi O_'(i] 1 Gr;)uif# ]JLEO

a =’ =
Uric acid (mg/dL) 625126 77688  01g7  Croup II = Group HI°IAT CACSS] 57 P—%{ SRS L
Total cholesterol (mg/dL) 183544490 171044455 o162 °l 38, BF ZENLEE, SAYS Bt wANIS A
LDL cholesterol (mg/dL) 109243852 1028+3337 0368  Oofth HAIE tie & 249k At Group HTOIATE Group
Triglyceride (mg/dL) 1742+ 14170 1818+ 13761 0785 [} H|W3l CACSY} 272 w7} QolsiA| =75t
Total calcium (mg/dL) 9.1+063 8.8+ 069 0.042 Fon E3| Group 1ol Bla Group 11914 400°] g 1%
zhosphorus (mg/dll_) 35+055 3.7 +0.66 0.091 O] CACS 28-S H]wd} wxp|= 75818 Q.05 AT Wl

t i 154.5 + 314.55 309.3 + 750.59 0.222 -
we : : tHp = 0.0). Gvh gl BATE iR BAIR %S,
o = SEO [ez]
Coronary arterial 24 (615) 51 (69.9) 0372 CACSZF w2 7RIoA A7 S7boks B B3O,
calcification () SARC R [ofot AukE Holx| kot Eo 1 ERto] Q=
LM (%) 6(15.4) 15 (20.5) 0505  TIARLS CARO 2 BAISE HQ CACS7}=opalss w7t
LAD (%) 21(53.8) 42 (57.5) 0.708 Z7tele A%k HYoLE wakE|ZE AA| TARS BASH H O
;%i(s/o)) 6E15.4; 26 :35.6; 0024 o ujsio] 5] Zlelglom, T BolS Blx| Ok HRlL
% 14 (359 39 (534 0.077

S giAto g BAsH A B]52SF WAHH| 7R H ot

CKD = chronic kidney disease, GFR = glomerular filtration rate, LAD = left Rlc B Cande ] (t | = ;,:‘:}
anterior descending artery, LCX = left circumflex artery, LM = left main cor- CKD #HAE5(Group 11, Group 1T tige= gl
onary artery, RCA = right coronary artery A AHE 2= CACSO] Z710f Hgke tjx]= 7o g ARl

Table 3. Odd Ratios for Coronary Arterial Calcification by Presence of CKD in Total and Non-Diabetic and Non-Hypertensive, Non-Current
Smoking Study Populations

CKD Stage 1-2/Non-CKD p-Value CKD Stage 3-5/Non-CKD p-Value

Total (n) 39/83 73/83

CACS > 10vs. CACS <10 0922 (0.335-2.537) 0.874 1.641 (0.696-3.871) 0.258

CACS > 100 vs. CACS < 10 1.625 (0.470-5.621) 0.443 2376 (0.825-6.844) 0.109

CACS > 400 vs. CACS < 10 1.949 (0.216-17.550) 0.514 7.581 (1.634-35.161) 0.010
Non-diabetic patients (n) 29/70 39/70

CACS > 10vs. CACS <10 0.369 (0.097-1.393) 0.141 0.834 (0.259-2.691) 0.762

CACS > 100 vs. CACS < 10 0941 (0.158-5.621) 0.947 1.864 (0.376-9.253) 0.446

CACS > 400 vs. CACS < 10 1.139 (0.036-36.289) 0.941 3.209 (0.302-34.094) 0.347
Non-hypertensive patients (n) 18/55 29/55

CACS > 10 vs. CACS < 10 0914 (0.175-4.770) 0915 1.599 (0.451-5.667) 0.467

CACS > 100 vs. CACS <10 3.345(0.316-35.361) 0316 5.724 (0.949-34.541) 0.057

CACS > 400 vs. CACS < 10 10.673 (0.563-202.427) 0.115
Non-current smoking patients (n) 32/62 66/62

CACS > 10vs. CACS <10 0.831(0.260-2.661) 0.756 2.205 (0.805-6.041) 0.124

CACS > 100 vs. CACS <10 0.996 (0.216-4.587) 0.996 2.676 (0.787-9.095) 0.115

CACS > 400 vs. CACS < 10 1.060 (0.071-15.850) 0.967 7.335(1.283-41.927) 0.025

CACS = coronary artery calcium score, CKD = chronic kidney disease
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THAIIIZE RIXIOIA AEY ARl 201 12

Table 4. Laboratory Findings that Showed Associations with In-
creased Coronary Calcium Score of Chronic Kidney Disease Patients
in Multivariate Logistic Regression Analysis

Laboratory Findings OR (95% Cl) p-Value
CACS>10
Uric acid 1.148 (0.931-1.415) 0.197
Phosphorus 1.599 (0.851-3.006) 0.145
Total calcium 0.623
Total cholesterol 0.259
LDL-cholesterol 0.323
Triglyceride 0.251
CACS > 100
Uric acid 1.200 (0.960-1.499) 0.109
Phosphorus 0319
Total calcium 0.331
Total cholesterol 0.200
LDL-cholesterol 0.538
Triglyceride 1.002 (0.999-1.006) 0.172
CACS > 400
Uric acid 0.579
Phosphorus 2.649 (1.166-6.017) 0.020
Total calcium 0.800
Total cholesterol 0922
LDL-cholesterol 0987 (0.971-1.002) 0.097
Triglyceride 0.555

CACS = coronary artery calcium score, Cl = confidence interval, OR = odds

Ak B3 2l g, SRISEIE, SRl st o2 24

AE 3]984S 018510 CACSO RS v]xl= =gHss
VG ATH(Table 4), IE0] WAHST A3|SHCACS > 400)
2 wol A0 & olujo] Q.0J5} HFkS UHTHOR = 2.649.
p = 0.020)
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o5t H|WYIFE Z7F2 BT, E35] CACS7H400S Z7Fok=
TOIA= oF 7.6417H] 715 oh= CKD2l 717t =

92

=5 WeW Aot v 2 A AIARITHAL SHI
SHASE et Glis TARETRS tie g o 240 CKD
1~27] FARFOA = FolRt Bl 2] 571 HOolA| o
ko, CKD 3~57] ZENEollA= CACS7H 4002 Zi}ﬁ}i
THOIA wARB|7E 3,28 = S-St o v S A1
7] of o, A titofxle] Hito] vlstod jl;(]—tl]% 2
S B9t oSt Auk= oldof BHEE Dallas heart study
oxe} URJok= Hubg B 0(9), CKDL] |71t 7] A
A= A= A5|5lo) HRS |0k it HA] TARE T

o0 71 1 oo& T
Alglotof Fa%k Ak o2 Boqlnt. o= ool o A
oA e Za Zo), ez Qo w2 ¥ ulzoll S

o =z}
O X

go] = AlZE(smooth muscle cell) 7 AF=lof ] A/do]
Hofohe ThilgolLt HARIZIE Aot = o] o g AY
ZETH(12)

S

A|AE] 9414#%0 AlYsrial, AgHo l 44 O‘t FFZ vl
= AR, FAJOIA CACS7H B &7 T EIQIH. of= ool
Al AolA] o4do] GOl BIsH s Al8]skrt oF
10~15W O A ZIRYErar Al Ziah o] glg Ziow
AZFETH(13). SHAIRE @ Qo] Ghs FRRE F CACS7F 100
OV FAEF 162 30| 7 F20HA| ot Aot
BAA QFof olgt Hutg uiAT 4= QISIth. CKD THANES
o2 CACSOll B3k DR HHAF 2740] tioto] 4]
SIS W CACS7F 400 oVd tollAl E2d Qlvtol 2J9] 9=
kS njx]= QIALR BEAIL|QIL) o) oA HTLSo)A] 2k
R Zatk o] @3 Qo] 11 A= Fho] 4] &0 **949}
E Y7N= 7EEA g S HiAAIER} oA Faeof
A Uofuk=s Zah(ossification) Ol 7195k, ESE ‘éﬂﬂf‘j—j‘.—J 3
T2 AEEO] EX QHREO] dFA-S ZRIAIAH ] A (osteo-

blast) 24 AL AER SRA Kz R Ak Thdat ik
£ Zuk AZPEck12), E5k ol ofg] ATEOIN £ B
Q1 S5 CKD ZHAHLGH ofLfet AI7150] AR SRS OIA
el Apo] L oo} gilo] Sl 202 el o

(14, 15). £ G70] AT P Qlo] TIFY 4215}9}
W Stto] 9%he-L BISISLY,

= AN 2] 50.3%7F CACS 10 °fsHiar, 80%°l
Al 100 ol5tick. 2 TARZOIA CACS 100 oWAfo] Bxprt
At 0= o] CACSSF CKD W71oke] ALHIIE st
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