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Background: Cardiovascular disease (CVD) is the primary cause of mortality in chronic kidney disease (CKD) patients, with
metabolic disorders exacerbating this risk. Compared with body mass index, waist circumference (WC) has been proposed as a more
effective indicator of abnormal visceral fat. However, the associations among CKD, abnormal WC, and CVD remain understudied.
Material and Methods: A cross-sectional study in Taiwan (July 2006 to May 2016) involved 10,342 participants undergoing self-
paid health checkups at a single medical center. Physical examinations and blood samples were taken to assess metabolic parameters,
and renal function was evaluated using the Chronic Kidney Disease Epidemiology Collaboration formula. Coronary artery calcification
(CAC) scores were determined through coronary 256-slice multidetector computed tomography angiography, with a CAC score of >0
Agatston unit (AU) and > 400 AU denoting positive CAC and severe CAC, respectively.

Results: Sex-based comparisons were conducted between individuals with CKD and those without CKD. In the CKD group, both
sexes exhibited significantly elevated levels for systolic blood pressure, serum fasting blood glucose (FBG), and hemoglobin Alc
(HbAc) as well as reduced serum high-density lipoprotein cholesterol. Examination of the associations of abnormal WC revealed that
for both sexes, individuals with abdominal obesity (AO) were significantly older and had higher systolic/diastolic blood pressure,
serum FBG, HbAlc, and lipid profiles compared with those without AO. Multiple logistic regression analysis revealed that CKD
patients exhibited a more pronounced association with severe CAC scores compared with AO patients (odds ratios [ORs]: 2.7 and 1.4,
respectively). Furthermore, the combined effects of AO and CKD (AO[+]/CKD[+]) resulted in increased risks of positive CAC (OR:
2.4, 95% confidence interval [CI]: 1.6-3.5) and severe CAC (OR: 4.4, 95% CI: 1.4-14.2).

Conclusion: Abdominal obesity significantly raised the odds of CAC and was associated to a 4.4-fold increased risk of severe CAC
in CKD patients.

Keywords: abdominal obesity, coronary artery calcification, coronary artery calcium score, chronic kidney disease

Introduction

Arteriosclerotic cardiovascular disease (CVD) is a prominent contributor to global mortality and morbidity according to
the Global Burden of Disease Study 2019, a multinational collaborative research study conducted from 1990 to 2019."
Multidetector computed tomography imaging offers exceptional sensitivity and specificity for assessing coronary artery
calcification, and this imaging modality also provides a quantitative measurement of the plaque burden on the vessel
endothelium as well as the composition of these plaques.”> * Furthermore, three-dimensional reconstructed images enable
the evaluation of vessel lumen stenosis. An elevated coronary artery calcification (CAC) score indicates the elevated
presence of fibro-calcified lesions in the coronary arteries, leading to increased vessel wall stiffness.® Accordingly, the

CAC score is regarded as a robust predictive marker of the risk of coronary artery disease (CAD).>°
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Among patients with chronic kidney disease (CKD), CAD is the leading cause of both morbidity and mortality.”
Shared risk factors such as diabetes and hypertension contribute to the pathogenesis of both CKD and CAD.'*"* Related
studies have demonstrated that CKD disrupts renin secretion and promotes the development of insulin resistance,
dyslipidemia, and electrolyte imbalance."* ' Consequently, CAD can manifest in the early stage of CKD,'*** with
the severity of CVD escalating as renal function deteriorates.

Obesity, a well-established risk factor for metabolic disorders, exhibits a significant association with CAD.*"*
Although many studies have employed body mass index (BMI) as an indicator of obesity, it should be noted that the
healthy BMI range varies across ethnic populations. Additionally, numerous investigations have revealed that visceral fat
exerts a more pronounced influence on CAD than does subcutaneous fat.>* > Consequently, compared with BMI, waist
circumference (WC) has emerged as a superior parameter for assessing abdominal obesity (AO) in relation to CAD risk.

Although both CKD and AO independently increase the incidence of CAD, the combined effects of CKD and AO on
CAC remain uncertain. Accordingly, this study elucidated this association and highlighted the importance of WC as

a clinical parameter for assessing patients with pre-dialysis CKD.

Materials and Methods
Participants

This study participants were individuals who voluntarily underwent self-paid health checkups at Shin Kong Wu Ho-Su
Memorial Hospital in Taiwan between July 2006 and May 2016. During these physical examinations, trained physicians
conducted interviews with the participants and collected data regarding their age, body weight, body height, BMI, WC,
and blood pressure. The exclusion criteria were a history of renal transplant surgery, currently undergoing hemodialysis
or peritoneal dialysis, prior percutaneous coronary intervention with stenting(s), and a history of coronary arterial bypass
surgery. A total of 10,342 patients aged >18 years (6912 men and 3430 women; mean age 51 + 10 standard deviation
years) were enrolled into this cross-sectional study. The Institutional Review Board of Shin Kong Wu Ho-Su Memorial
Hospital approved this study, and written informed consent was obtained from all the participants, each of whom
consented to their data being stored as big data in the hospital’s database for retrospective medical research purposes. We
conducted our study in compliance with the principles of the Declaration of Helsinki.

Definitions of CKD, Abnormal WC, and Severe CAC and Laboratory Measurements
Renal function was assessed by calculating the estimated glomerular filtration rate (¢GFR) by using the Chronic Kidney
Disease Epidemiology Collaboration equation.”® This equation was modified based on sex and serum creatinine levels.
A patient was considered to have CKD if their eGFR was <60 mL/min/1.73 m?.

Waist circumference was measured according to the relevant World Health Organization guidelines and was defined as the
horizontal panel at the midpoint between the lower border of the rib cage and the iliac crest, with measurements taken when the
participant exhaled. Abnormal WC, meaning AO, was defined as >90 cm (>35.5 inches) for men and nonpregnant women as
per the International Diabetes Federation’s recommendations for South Asian, Chinese, and Japanese populations.*’

Coronary artery calcification scores were assessed using coronary 256-slice multidetector computed tomography
angiography following the standard protocol. Calcification was defined as an area of hyper-attenuation greater than 130
Hounsfield units within a 1-mm? area. The scan covered the entire heart in the z-axis direction from the bifurcation of the
pulmonary arteries to the apex of the heart during an expiratory pause. Coronary artery calcification scores were
calculated using the Agatston method with built-in digital software, and these scores were confirmed by certified cardiac
radiologists. The participants with CAC scores of >0 Agatston unit (AU) were considered to have CAC, and those with
CAC scores of >400 AU were classified as having severe CAC.*®

Blood samples were collected after an overnight fast of at least 8 hours. Serum levels of biochemical markers—
namely fasting blood glucose (FBG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), triglyceride (TG), hemoglobin Alc (HbAlc), and creatinine—were measured using an
automated clinical analyzer (Hitachi 7600; Hitachi Ltd., Tokyo, Japan).
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Statistical Analysis

Continuous variables were analyzed using Wilcoxon rank-sum test, and categorical variables were analyzed using the
chi-squared test. Frequencies and percentages are used to present categorical variables. Based on their CAC scores, the
participants were categorized into three groups (0, >0, and >400 AU), and their demographics, cardiovascular risk
factors, and renal function—related parameters were assessed by sex. The associations among WC, CKD, and CAC scores
were examined through multiple logistic regression. Statistical significance was set at P < 0.05. All statistical analyses
were performed using the SAS statistical software package.

Results

The present patient population was divided into four groups based on the presence or absence of CKD in the two sexes
(Table 1). Both elderly patients and those with abnormal WC exhibited an elevated prevalence of CKD in both sexes.
Male CKD patients demonstrated significantly elevated systolic blood pressure, serum FBG, and HbAlc and reduced
serum HDL-C. Female CKD patients had significantly elevated systolic and diastolic blood pressure, serum FBG,
HbAlc, TG, LDL-C, and TC and reduced serum HDL-C.

Table 2 presents the characteristics of male and female participants with or without abnormal WC. Women with AO
were significantly relatively old. In both sexes, the participants with AO and had elevated systolic and diastolic blood
pressure, serum FBG, HbAlc, TG, LDL-C, and TC along with reduced serum HDL-C and eGFRs, all of which reached
statistical significance.

Table 3 elucidates the associations of abdominal obesity or chronic kidney disease with CAC. Logistic regression
models were adjusted for sex, age, and multiple metabolic parameters. The adjusted odds ratios (ORs) for positive CAC
were significantly increased in patients with AO (OR: 1.4) and CKD (OR: 1.4). In addition, CKD patients (OR: 2.7)
exhibited significantly higher odds ratio of severe CAC than AO patients (OR: 1.8).

Table 4 elucidates the associations among AO, CKD, and CAC scores after adjustment for confounding factors. The
participants were divided into four subgroups based on the presence or absence of AO or CKD as well as the presence or
absence of both conditions. Non-CKD patients with healthy WC (AO[-]/CKDI-]) served as the control subgroup. Non-
CKD patients with AO (AO[+]/CKD[-], OR: 1.4) exhibited a significantly increased OR for positive CAC compared with

Table | Characteristics of Patients of Both Sexes with and without Chronic Kidney Disease

Men Women
eGFR > 60 eGFR < 60 P value eGFR > 60 eGFR < 60 P value
(mL/min/1.73 m?) | (mL/min/1.73 m?) (mL/min/1.73 m?) | (mL/min/1.73 m?)

(n = 6705) (n =207) (n = 3370) (n = 60)
Age (years) 51 (29-74) 66 (39-84) <0.01% 52 (27-77) 67 (47-84) <0.01*
WC (cm) 87 (69-111) 90 (73-122) <0.01% 79 (62-107) 84 (67-113) <0.01%
SBP (mmHg) 119 (91-169) 130 (94-198) <0.01%* 111 (80-173) 122.5 (90-200) <0.01*
DBP (mmHg) 76 (54-105) 76 (51-105) 0.42% 68 (46-95) 72 (52-96) <0.01*
FBG (mg/dl) 94 (74-231) 96 (76-289) <0.01% 90 (72-190) 97.5 (80-215) <0.01*
HbAIc (%) 5.6 (4.6-10.6) 5.9 (4.7-12.4) <0.01% 5.5 (4.6-9.2) 5.9 (4.8-11.6) <0.01*
TG (mg/dl) 136 (46-549) 138 (44—461) 0.58* 99 (36-369) 145.5 (55-538) <0.01%*
TC (mg/dl) 198 (121-298) 193 (109-298) 0.04* 203 (125-303) 218 (136-340) 0.03*
HDL-c (mg/dl) 45 (27-85) 44 (22-73) <0.01%* 58 (32-103) 52.5 (31-92) <0.01%*
LDL-c (mg/dl) 129 (60-215) 124 (63-203) 0.08* 125 (57-217) 139 (73-229) 0.01*

Notes: Data are presented as mean (range) unless otherwise noted. *P value of Wilcoxon rank-sum test.

Abbreviations: DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; FBG, fasting blood glucose; HbAlc, hemoglobin Alc; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides; WC, waist
circumference.
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Table 2 Characteristics of Patients of Both Sexes with and without Abdominal Obesity

Men Women
WC <90 cm WC =90 cm P value WC <80 cm WC >80 cm P value
(n = 4286) (n = 2626) (n = 1802) (n = 1628)

Age (years) 51 (28-75) 51 (29-78) 0.10* 50 (24-72) 55 (30-79) <0.01*
SBP (mmHg) 116 (88—168) 124 (94-177) <0.01* 106 (79-163) 118 (83-178) <0.01*
DBP (mmHg) 74 (53-102) 78 (56—110) <0.01* 67 (45-92) 71 (47-97) <0.01*
FBG (mg/dl) 93 (74-227) 97 (77-241) <0.01* 89 (71-146) 93 (74-222) <0.01*
HbAlc (%) 5.6 (4.5-10.4) 5.7 (4.7-10.9) <0.01* 5.5 (4.6-7.6) 5.7 (4.7-9.9) <0.01*
TG (mg/dl) 124 (45—474) 157 (54-669) <0.01* 89 (35-292) 115 (43—431) <0.01*
TC (mg/dl) 197 (121-297) 199 (121-301) 0.01* 200 (123-309) 206 (130-297) <0.01*
HDL-c (mg/dl) 47 (27-87) 42 (26-76) <0.01* 63 (33-108) 54 (29-96) <0.01*
LDL-c (mg/dl) 128 (61-213) 131 (59-216) <0.01* 120 (56-216) 131 (63-218) <0.01*
EGFR (mL/min/1.73 m*) 94 (50-120) 94 (46—-121) 0.11* 104 (62-129) 99 (49-124) <0.01*

Notes: Data are presented as mean (range) unless otherwise noted. *P value of Wilcoxon rank-sum test.
Abbreviations: DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; FBG, fasting blood glucose; HbAlc, hemoglobin Alc; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides; WC, waist circumference.

Table 3 Odds Ratios (95% Confidence Intervals) of Coronary
Artery Calcification in Patients with Abdominal Obesity or
Chronic Kidney Disease Compared with Normal Controls

AO (-) vs AO (+)T | CKD (-) vs CKD (+)t

OR (95% CI)

CAC score >0 1.4 (1.3-1.6) 1.4 (1.1-1.8)

CAC score > 400 1.8 (15-22) 2.7 (1.2-6.1)

Notes: TAdjusted for age, sex, systolic blood pressure, diastolic blood pressure,
fasting plasma glucose, triglycerides, low-density lipoprotein cholesterol, and high-
density lipoprotein cholesterol.

Abbreviations: AO, abdominal obesity; CAC, coronary artery calcification; Cl,
confidence interval; CKD, chronic kidney disease; OR, odds ratio.

Table 4 Odds Ratios (95% Confidence Intervals) of Positive Coronary Artery
Calcification and Severe Coronary Artery Calcification in Subgroups Calculated
Through Multiple Logistic Regression Analyses

AO () AO (¥)
CKD (-) CKD (+) CKD (-) CKD (+)
Model It OR (95% Cl)
CAC score > 0F Ref. 1.1 (0.7-1.6) 14(13-16) | 24 (1.6-35)
CAC score > 400* Ref. 2.6 (0.8-8.4) 18 (15-22) | 44 (1.4-142)

Notes: fAd]usted for age, sex, systolic blood pressure, diastolic blood pressure, fasting plasma glucose,
triglycerides, low-density lipoprotein cholesterol, and high-density lipoprotein cholesterol. ¥*CAC score = 0 as
reference.

Abbreviations: AO, abdominal obesity; CAC, coronary artery calcification; Cl, confidence interval; CKD,
chronic kidney disease; OR, odds ratio; Ref, reference.
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CKD patients with healthy WC (AO[-]/CKD[+], OR: 1.1). However, CKD patients with healthy WC (AO[-]/CKDJ[+],
OR: 2.6) had an increased OR for severe CAC scores compared with non-CKD patients with AO (AO[+]/CKDI-], OR:
1.8). Finally, patients with both CKD and AO (AO[+]/CKD[+]) exhibited significantly elevated OR for severe CAC
scores (OR: 4.4).

Discussion

In this large population-based study, we observed close associations of CKD and AO with increased risks of both positive
CAC and severe CAC. Participants with CKD exhibited adjusted ORs of 1.1 and 2.6 for positive CAC and severe CAC,
respectively and the participants with AO had adjusted ORs of 1.4 and 1.8 for positive CAC and severe CAC,
respectively. The combined effects of CKD and AO resulted in increased ORs of 2.4 and 4.4 for positive CAC and
severe CAC, respectively.

Chronic kidney disease is associated with metabolic dysfunction, including hypertension induced by the renin—
angiotensin—aldosterone system, insulin resistance, and dyslipidemia. Furthermore, advanced CKD disrupts the calcium—
parathyroid axis, potentially leading to hypercalcemia and hyperphosphatemia. Our findings revealed a significantly
elevated prevalence of these metabolic disorders in CKD patients of both sexes compared with individuals without CKD.
Moreover, in hyperphosphatemia, vascular smooth muscle cells tend to differentiate into a synthetic phenotype,
promoting calcification within the medial wall.'*'®*7! The binding of osteocalcin to hydroxyapatite further contributes
to hydroxyapatite deposition and subsequent calcification.***

Previous studies have suggested a relationship between CKD and the CAC severity. For example, Bjergfelt et al
reported that the increased maximal carotid plaque thickness was closely associated with CAC severity in 200
patients with CKD stage 3 from the Copenhagen Chronic Kidney Disease Cohort study.>* In the KoreaN Cohort
Study for Outcomes in Patients With Chronic Kidney Disease, Yun et al revealed a significant association between
high CAC scores and increased risk of adverse kidney outcomes and CKD progression.” However, notably, the
aforementioned two studies categorized CKD populations into three groups on the basis of baseline CAC scores (0,
1-100, and >100 AU) without specifically investigating the association between CKD and severe CAC. In the
present study, the participants with CKD exhibited adjusted ORs of 1.1 and 2.6 for positive CAC and severe CAC,
respectively.

The prevalence of AO is closely related to that of visceral obesity. In a large cross-sectional study of middle-aged
individuals, Lind et al reported that individuals with obesity, even those without metabolic syndrome, had increased
severity of coronary artery stenosis.”* Sung et al found an association among obesity, CKD, and CAC;>* however, that
study used BMI rather than WC as a measure of obesity and did not specifically explore the associations of obesity and
CKD with severe CAC. In our study, WC alone was found to be an effective indicator significantly associated with
positive CAC and severe CAC.

A small number of studies have investigated the combined effects of AO and CKD on CAC. Cordeiro et al reported
an association between increasing visceral adipose tissue quartiles and increased eGFR and CAC scores in patients with
CKD stages 3-5.2* Additionally, in another study, each 1-cm increase in WC was associated with a significant increase in
the OR for CAC.> The present study, which used a large population dataset, revealed a 2.4-fold increased risk of positive
CAC and a 4.4-fold increased risk of severe CAC in patients with both CKD and AO.

To the best of our knowledge, this study is the first exploration of the associations among CKD, AO, and CAC in
a large population. However, this study has some limitations. First, as a cross-sectional study, it did not establish causal
relationships among CKD, AO, and CAC. Second, since the lifestyle questionnaire did not collect precise information
regarding alcohol consumption, smoking habits, exercise habits and medical histories, we did not consider these
influencing factors in the final analysis. This may have led to an underestimation of their effects.

In conclusion, the present study provides evidence for the combined effects of CKD and AO on CAC. The
participants with both CKD and AO exhibited 2.4- and 4.4-fold increased risks of positive CAC and severe CAC,
respectively. Accordingly, in clinical practice, increased attention should be paid to reduce AO for individuals
with CKD.
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