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Abstract

Background and aims—Coronary artery calcification (CAC) is common among patients with
chronic kidney disease (CKD) and predicts the risk for cardiovascular disease (CVD). We
examined the associations of novel risk factors with CAC progression among patients with CKD.
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Methods—Among 1,123 CKD patients in the Chronic Renal Insufficiency Cohort (CRIC) Study,
CAC was measured in Agatston units at baseline and a follow-up visit using electron beam
computed tomography or multidetector computed tomography.

Results—Over an average 3.3-year follow-up, 109 (25.1%) participants without CAC at baseline
had incident CAC and 124 (18.0%) participants with CAC at baseline had CAC progression,
defined as an annual increase of =100 Agatston units. After adjustment for established
atherosclerotic risk factors, several novel risk factors were associated with changes in CAC over
follow-up. Changes in square root transformed CAC score associated with 1 SD greater level of
risk factors were —0.20 (95% confidence interval, —=0.31 to —0.10; p <0.001) for estimated
glomerular filtration rate, 0.14 (0.02 to 0.25; p=0.02) for 24-hour urine albumin, 0.25 (0.15 to
0.34; p<0.001) for cystatin C, —0.17 (-0.27 to —0.07; p <0.001) for serum calcium, 0.14 (0.03 to
0.24; p=0.009) for serum phosphate, 0.24 (0.14 to 0.33; p <0.001) for fibroblast growth factor-23,
0.13 (0.04 to 0.23; p=0.007) for total parathyroid hormone, 0.17 (0.07 to 0.27; p<0.001) for
interleukin-6, and 0.12 (0.02 to 0.22; p=0.02) for tumor necrosis factor-a..

Conclusions—Reduced kidney function, calcium and phosphate metabolism disorders, and
inflammation, independent of established CVD risk factors, may progress CAC among CKD
patients.
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1. Introduction

Cardiovascular disease (CVD) is the leading cause of morbidity and mortality in patients
with chronic kidney disease (CKD) [1,2]. Prospective cohort studies have shown that the
presence [3,4] and progression [5,6] of coronary artery calcification (CAC) identify coronary
atherosclerosis and predict the risk of CVVD and all-cause mortality in the general

population, beyond established CVD risk factors. In CKD patients, presence of CAC is more
common and more severe[7,8] and shows a stronger association with risk of CVD and
mortality [4,9,10]. Studies have documented a dose-response relationship between declining
estimated glomerular filtration rate (eGFR) and increasing CAC score [11] and suggest high
incidence and rapid progression of CAC in CKD patients [7].

Longitudinal analyses identified several traditional risk factors for CAC progression in the
general population, including older age, male sex, white race/ethnicity, hypertension,
obesity, diabetes, and family history of CVD [12]. These established risk factors are
common in CKD patients and may partially explain the greater burden of CAC in CKD
patients. However, risk factors for CAC progression have not been well-studied in CKD
patients and novel risk factors have primarily been assessed in cross-sectional analyses [13].

The Chronic Renal Insufficiency Cohort (CRIC) Study provides a unique opportunity to
examine novel risk factors for the progression of CKD and CVD among patients with pre-
dialysis CKD. In this analysis, we investigated the associations between novel risk factors
and CAC progression among patients with CKD.
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2. Materials and methods

2.1 Study population

The CRIC Study includes a racially- and ethnically-diverse group of men and women aged
21 to 74 years with mild-to-moderate CKD based on an eGFR entry criteria 20 to 70
mL/min/1.73m2. A total of 3,939 participants were enrolled from 7 clinical centers in the
United States between May 2003 and August 2008 [14]. Patients with severe heart failure,
cirrhosis, HIV infection, polycystic kidney disease, renal cell carcinoma, those who received
chronic dialysis or a kidney transplant, and those taking immunosuppressant drugs were
excluded. Of the entire cohort, 1,142 were randomly selected, stratified by age, sex, race/
ethnicity, diabetes status, and eGFR, for electron beam computed tomography (CT) or
multidetector CT to measure CAC at baseline. In addition, electron beam or multidetector
CT was performed in all eligible participants from 3 clinical centers for an ancillary study.
Participants with a history of coronary artery revascularization were excluded from electron
beam CT/multidetector CT examination. A repeated CAC measurement was obtained among
1,123 participants an average of 3.3 years (SD 0.7) later, which was included in the present
analyses (Supplementary Fig. 1). The study was approved by the institutional review boards
from each of the participating clinical centers and all participants provided written informed
consent.

2.2 Data collection

All CRIC Study data were collected by trained study staff at baseline and annual clinical
visits. Data collection procedures were standardized across study sites. A baseline medical
history questionnaire collected information on demographic characteristics, lifestyle risk
factors, previous history of CVD, and medication use. Physical activity was calculated as
total metabolic equivalents per week. Body weight, height, waist circumference, and blood
pressure (BP) were measured using standard protocols [14]. Hypertension was defined as
systolic BP =140 mm Hg and/or diastolic BP =90 mm Hg and/or current use of
antihypertensive medications.

2.3 Laboratory measurements

Glucose, cholesterol, calcium, phosphate, alkaline phosphatase, total parathyroid hormone
(PTH), glycated hemoglobin, and uric acid were measured using standard laboratory
methods. High-sensitive C-reactive protein (hsCRP), interleukin-6 (IL-6), tumor necrosis
factor-a (TNF-a), homocysteine, and cystatin C were measured using the particle enhanced
immunonephelometry method. Fibrinogen was measured using the immunochemical
reaction method. Urinary albumin was measured by radioimmunoassay. Fibroblast growth
factor-23 (FGF23) was measured by a second generation C-terminal assay (Immutopics).
Diabetes was defined as a fasting glucose of 2126 mg/dL, nonfasting glucose of =200
mg/dL, or the use of antidiabetic medications. Estimated glomerular filtration rate (eGFR)
was calculated using the estimated equation derived from the CRIC cohort [15].
Homeostasis model of assessment (HOMA) was calculated to evaluate insulin resistance
using the following formula: (fasting serum insulin [uU/mL] X fasting plasma glucose
[mmol/L])/22.5. All laboratory measurements were performed in a centralized laboratory at
the University of Pennsylvania.
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2.4 Coronary artery calcification measurement

Trained and certified technologists scanned all participants twice using phantoms of known
physical calcium concentrations. A cardiologist read all CT scans at a central reading center
(Los Angeles Biomedical Research Institute, Harbor-UCLA Medical Center, Torrance,
California). The total Agatston score was computed according to standard methods [16]. We
used the average Agatston score from the 2 scans in all analyses. We evaluated the
continuous change in CAC score according to the square root transformed method, which
accounts for interscan variability [17]. Among those with no baseline CAC, incidence was
defined as any increase in CAC score over follow-up. Among those with baseline CAC,
progression was defined as an annual increase in CAC score =100 Agatston units, which
significantly increases risk for coronary heart disease [6]. In addition, due to uncertainty
regarding the best definition of CAC progression, we conducted 2 sensitivity analyses
among those with baseline CAC: the first defining CAC progression as an increase in the
square root transformed CAC score >2.5 mm3 over follow-up and the second defining CAC
progression as an increase in CAC score =300 Agatston units over follow-up. We also
repeated analyses using the total volume score instead of the Agatston score.

2.5 Statistical analysis

Baseline characteristics of the study participants were summarized as the mean (standard
deviation [SD]) for continuous variables and percentages for categorical variables, by
baseline presence of CAC. Statistical significance was tested using analysis of variance for
continuous variables and the chi-square test for categorical variables. Continuous variables
with skewed distributions are summarized as the median (interquartile range [IQR]) and
were log-transformed to stabilize variances and approximate a normal distribution.
Correlation between risk factors was assessed with Pearson’s correlation coefficient.

Multivariable linear regression was used to evaluate the annual square root transformed
changes in CAC score and 95% confidence intervals (Cls) from baseline to follow-up
associated with 1 SD greater level of risk factors. Adjusted odds ratios (ORs) and 95% Cls
of CAC progression associated with 1 SD greater level of risk factors were estimated using
multivariable logistic regression. Additionally, multivariable linear regression was used to
evaluate the mean annual square root transformed changes in CAC score and 95% Cls by
tertiles of risk factors.

Covariates included in regression models were selected based on prior knowledge and the
backward elimination method. Two regression models were used in the analysis of each risk
factor: 1) multivariable model 1 including age, sex, race/ethnicity, and clinical site; and 2)
multivariable model 2 including variables in model 1 plus history of CVD, use of statin
medications, physical activity, and established ACC/AHA atherosclerotic CVD risk factors
(total cholesterol, high-density lipoprotein [HDL] cholesterol, systolic BP, use of
antihypertensive medications, diabetes, and current smoking). The baseline CAC score was
included as a covariate in analyses of participants with CAC at baseline. The follow-up time
between CT scans was included as a covariate in models other than those using annualized
differences in CAC score. All analyses were conducted using SAS version 9.4 (SAS
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Institute, Cary, North Carolina). All p-values were 2-sided and statistical significance was
defined as p <0.05.

3.1 Baseline characteristics

Of the 1,123 CRIC participants, 689 (61.4%) had baseline CAC and, compared to those with
no baseline CAC, were more likely to be older, male, white race/ethnicity, have a history of
clinical CVD, hypertension, diabetes, use of antihypertensive medication or statin
medications, and were less physically active (Table 1). On average, participants with
baseline CAC had higher systolic BP and lower levels of HDL cholesterol and LDL
cholesterol. In addition, participants with baseline CAC had lower eGFR and higher levels of
glycated hemoglobin, HOMA-insulin resistance (HOMA-IR), uric acid, total plasma
homocysteine, fibrinogen, IL-6, TNF-a.

3.2 Annual increases in CAC score by novel risk factors

Figure 1 shows adjusted mean annual increases in square root transformed CAC score by
tertiles of novel risk factors. The mean annual change in square root transformed CAC score
among all participants was 0.96. Decreased kidney function, denoted by lower eGFR
(0=0.003) and higher cystatin C (p=0.004), resulted in greater annual CAC increases
compared with other tertiles. A positive, dose-response relationship was observed for
increasing tertiles of FGF23 (p=0.006). J-shaped relationships were seen for tertiles of total
PTH (p=0.002), IL-6 (p=0.02), and TNF-a (p=0.008), characterized by relatively smaller
annual increases in CAC score for the second tertiles compared with other tertiles.

3.3 Risk factors for continuous CAC progression

After adjusting for age, sex, race/ethnicity, clinical site, and baseline CAC score, lower
eGFR and higher 24-hour urine albumin and cystatin C were associated with increases in
square root transformed CAC score (Table 2). In addition, several other novel risk factors
were associated with increased CAC score, including serum phosphate, FGF23, total PTH,
glycated hemoglobin, HOMA-IR, fibrinogen, IL-6, and TNF-a., while serum calcium was
associated with decreased CAC score. After further adjustment for total cholesterol, HDL
cholesterol, systolic BP, use of antihypertensive medications, diabetes, current smoking,
history of CVD, use of statin medications, and physical activity, 24-hour urine aloumin and
cystatin C remained significantly associated with increased CAC score, and eGFR remained
significantly associated with decreased CAC score. Additionally, serum phosphate, FGF23,
total PTH, IL-6, and TNF-a remained significantly associated with increased CAC score
while serum calcium remained significantly associated with decreased CAC score.

3.4 Risk factors for categorical CAC progression

Among 434 participants with baseline CAC=0, 109 (25.1%) had incident CAC. After
adjusting for age, sex, race/ethnicity, clinical sites, and follow-up time between CT scans,
lower eGFR and higher 24-hour urine albumin and cystatin C were associated with increased
odds of incident CAC (Table 3). Higher serum phosphate, FGF23, total PTH, glycated
hemoglobin, fibrinogen, IL-6, and TNF-a were also significantly associated with increased
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odds of incident CAC. After further adjustment for established CVD risk factors, higher
serum phosphate, FGF23, total PTH, fibrinogen, and IL-6 remained significantly associated
with increased odds of incident CAC.

Among 689 participants with baseline CAC >0, 124 (18.0%) had CAC progression. After
adjusting for age, sex, race/ethnicity, clinical site, and baseline CAC score, lower eGFR and
higher 24-hour urine albumin, cystatin C, serum phosphate, FGF23, total PTH, glycated
hemoglobin, HOMA-IR, and TNF-a were associated with increased odds of CAC
progression. After further adjustment for established CVD risk factors, lower eGFR and
serum calcium and higher 24-hour urine albumin, cystatin C, serum phosphate, FGF23, and
TNF-a remained significantly associated with increased odds of CAC progression.

3.5 Correlation among risk factors

There were several significant correlations among novel risk factors (Supplementary Table
1). For example, kidney function, denoted by eGFR, was positively correlated with serum
calcium and negatively correlated with serum phosphate, FGF23, total PTH, alkaline
phosphatase, fibrinogen, hsCRP, IL-6, and TNF-a.. Significant correlations were observed
within other etiologic groups, including calcium and phosphate metabolism (serum calcium,
serum phosphate, FGF23, total PTH, and alkaline phosphatase; absolute values of rrange
from 0.11 to 0.36) and inflammation (fibrinogen, hsCRP, IL-6, and TNF-a; absolute values
of rrange from 0.13 to 0.48).

3.6 Sensitivity analyses

In a sensitivity analysis defining CAC progression as an increase in the square root
transformed CAC score >2.5 mm3 over follow-up, 453 (65.7%) of those with baseline CAC
had CAC progression (Supplementary Table 2). Multivariable-adjusted analyses indicated
higher cystatin C and total PTH were associated with CAC progression. In another
sensitivity analysis defining CAC progression as an increase of 2300 Agatston units over
follow-up, 137 (19.9%) of those with baseline CAC had CAC progression. Multivariable-
adjusted analyses indicated lower eGFR and serum calcium and higher 24-hour urine
albumin, cystatin C, serum phosphate, FGF23, and TNF-a were significantly associated
with CAC progression (Supplementary Table 3). Sensitivity analyses repeated using total
volume scores instead of Agatston scores yielded similar results (Supplemental Tables 4 and
5).

4. Discussion

In this prospective analysis of 1,123 CKD patients, we documented associations of CAC
progression with several novel risk factors involved in kidney function, calcium-phosphate
metabolism, and inflammation. Lower eGFR and serum calcium, and higher 24-hour urine
albumin, cystatin C, serum phosphate, FGF23, total PTH, IL-6, and TNF-a were
significantly associated with increases in CAC. These results provide valuable insights into
the etiology of CAC progression among CKD patients. Furthermore, identification of novel
risk factors implicated in both CAC progression and other pathologies, including reduced
kidney function and calcium-phosphate metabolism, may reveal shared biological
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mechanisms and potential points of surveillance or intervention in CKD patients, beyond
established risk factors.

Cardiovascular disease and mortality are closely linked with CKD [2]. The presence and
progression of CAC predict the risk of CVD and mortality in the general population and in
patients with comorbidities, including CKD [3-10]. Few longitudinal studies of risk factors
for CAC progression have been conducted in CKD patients. An analysis of 562 CKD
patients without CVD in the Multi-Ethnic Study of Atherosclerosis (MESA) identified only
male sex and diabetes as significant predictors of incidence and progression of CAC,
respectively [7]. Another analysis in 421 adults without CKD or CVD found no association
between kidney function markers and CAC progression [18]. However, other studies
conducted in adults without CKD reported contradictory results, finding associations
between CAC progression and reduced eGFR [19] and microalbuminuria [20]. We
documented several significant associations between increased CAC and kidney function
markers, including lower eGFR and higher 24-hour urine albumin and cystatin C. These
findings remained statistically significant after adjustment for established risk factors
common to both CKD and CVD, suggesting an independent association between reduced
kidney function and CAC progression in CKD patients.

We also documented significant associations between CAC progression and novel risk
factors uniquely important to CKD patients. Impaired renal phosphate excretion is common
in CKD patients, resulting in hyperphosphatemia, hypocalcemia, vascular calcification, and
increased risk of mortality [21,22]. We found that higher serum phosphate was associated
with increases in CAC score, supporting a previously-identified positive dose-response
relationship between serum phosphate and prevalence of CAC [23]. Furthermore, we found
that increases in FGF23 and total PTH, both important regulators of calcium-phosphate
metabolism, were significantly associated with increased CAC score. FGF23 is associated
with CVD in CKD patients [24] and is associated with CAC progression in dialysis patients
[25]. However, a previous cross-sectional analysis of CRIC participants did not find an
association with CAC prevalence or severity, suggesting a limited role of FGF23 in CAC in
CKD patients [26]. In the present analysis, higher FGF23 was significantly associated with
CAC progression after adjustment for established CVD risk factors, in both those with and
without baseline CAC. Additionally, we identified novel evidence that lower serum calcium
levels are associated with CAC progression. Conversely, previous studies conducted in
dialysis patients suggested higher serum calcium levels are associated with CAC [27,28],
potentially due to worsening secondary hyperparathyroidism and calcium supplementation,
which are common in end-stage renal disease. Previous studies and the present analysis
support a link between CKD and CAC progression due, in part, to abnormal calcium-
phosphate biochemistry, which may be the most important pathogenic factor in vascular
calcification among CKD patients [13,21].

Previous research suggested that other biomarkers are not predictive of CVD and mortality
beyond established risk factors in CKD patients [29]. Similarly, an analysis of MESA
participants at low risk for CVD suggested novel risk factors were not predictive of CAC
progression [30]. However, in our analysis of CKD patients at high risk for CVD, we
documented several novel risk factors and biomarkers associated with increases in CAC,
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including FGF23, total PTH, glycated hemoglobin, HOMA-IR, fibrinogen, IL-6, and TNF-
a, which have previously been observed in cross-sectional analyses of patients with CKD
[13]. After adjustment for established risk factors, many novel biomarkers remained
associated with CAC progression, including IL-6 and TNF-a, which are both components of
the inflammatory response and have been implicated as independent predictors of CVD risk
[31] and have been associated with CAC progression in patients with diabetes and
microalbuminuria [32].

The present study has several strengths. This is the first analysis of novel risk factors for
CAC progression conducted in CKD patients, who share an excess burden of CVD and
mortality. The CRIC study employs standardized methods, including standardized CAC
readings in a centralized reading center, which minimizes bias. In addition, we analyzed
many novel risk factors, including those uniquely important to CKD patients. However, the
present study has limitations. Findings are based on one followup CAC measurement which
prohibits analysis of CAC score trends, although we were still able to establish temporality
between baseline risk factor measurements and changes in CAC. Another complication is
disagreement regarding definitions of CAC progression. We assessed several common
approaches that are predictive of clinical outcomes, especially coronary heart disease, and
sensitivity analyses did not substantively impact our conclusions. Additionally, we could not
distinguish between intimal and medial calcification, owing to limitations in CAC
measurement. Increased CAC in CKD patients may be partly due to medial calcification, a
separate process from atherosclerotic intimal calcification that can result in hypertension and
left ventricular hypertrophy. While the 2 types of calcification may represent somewhat
different pathologies, both are associated with increased risk of CVD and all-cause mortality
in patients with advanced CKD [28]. Finally, the CRIC study only included patients with
pre-existing CKD. Future studies should evaluate associations of the identified novel risk
factors with CAC progression in patients without CKD.

Our study indicates that reduced kidney function, calcium and phosphate metabolism
disorders, and inflammation, independent of established CVD risk factors, might play a role
in CAC progression among CKD patients. Further studies are warranted to confirm these
findings and to develop novel treatments to slow the progression of CAC among patients
with CKD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. Low estimated-glomerular filtration rate and high albuminuria and serum
cystatin C increased CAC progression in CKD patients

. Calcium and phosphate metabolism disorders (low serum calcium, and high
serum phosphate and fibroblast growth factor-23) increased CAC progression
in CKD patients

. Elevated inflammatory biomarkers (interleukin-6 and tumor necrosis factor-

a) increased CAC progression among CKD patients

. Associations of novel risk factors with CAC progression were independent of
traditional CVD factors
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p value

0.003

0.47

0.004

0.18

0.21

0.006

0.002

0.02

0.008

Adjusted mean annual change in square root transformed CAC score by tertiles of novel risk

factors.

The vertical line indicates the mean annual change in square root transformed CAC score
among all participants, equal to 0.96. All analyses were adjusted for age, sex, race/ethnicity,

clinical site, baseline CAC score, total cholesterol, HDL cholesterol, systolic BP, use of
antihypertensive medications, diabetes, current smoking, history of CVD, use of statin

medications, and physical activity.
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CAC, coronary artery calcification; eGFR, estimated glomerular filtration rate; FGF23,
fibroblast growth factor-23; PTH, parathyroid hormone; IL-6, interleukin-6; TNF-a., tumor
necrosis factor-a.
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Baseline characteristics of CRIC study participants according to baseline CAC score.

Table 1

Baseline CAC=0

Baseline CAC >0

(n=434) (n=689) pvalue

Age (years) 50.9+12.2 60.6 + 9.3 <0.001
Female 247 (56.9%) 274 (39.8%) <0.001
Race/ethnicity

Non-Hispanic White 167 (38.5%) 309 (44.8%) 0.03

Non-Hispanic Black 176 (40.6%) 219 (31.8%)

Hispanic 73 (16.8%) 126 (18.3%)

Other 18 (4.1%) 35 (5.1%)
High school education 361 (83.2%) 551 (80.1%) 0.22
Physical activity (total MET) 249.1+£191.2 202.5+132.0 <0.001
Current cigarette smoking 37 (8.5%) 67 (9.7%) 0.57
Alcohol consumption 289 (66.6%) 437 (63.4%) 0.31
History of CVD 50 (11.5%) 177 (25.7%) <0.001
10-year atherosclerotic CVD risk?

<5% 207 (53.9%) 97 (19.0%)

5-15% 117 (30.5%) 208 (40.8%) <0.001

>15% 60 (15.6%) 205 (40.2%)
Hypertension 329 (75.8%) 636 (92.3%) <0.001
Use of antihypertensive medications 352 (81.1%) 651 (94.6%) <0.001
Diabetes mellitus 127 (29.3%) 357 (51.8%) <0.001
Use of statin medications 172 (39.6%) 433 (62.9%) <0.001
Systolic blood pressure (mm Hg) 122.0+20.1 126.6 + 20.0 <0.001
Body mass index (kg/m?) 30.5+6.8 31.1+6.2 0.19
High-density lipoprotein (mg/dL) 51.7+17.4 474 £145 <0.001
Low-density lipoprotein (mg/dL) 109.1 +36.2 100.5 +32.3 <0.001
Estimated glomerular filtration rate (ml/min/1.73 m?2) 48.6 +19.3 444+159 <0.001
24-hour urine albumin (g/24 hours) 0.05 (0.01-0.61) 0.04 (0.01-0.39) 0.86
Cystatin C (mg/L) 1.46+0.74 1.54+0.61 0.06
Calcium (mg/dL) 9.29 +0.52 9.33+0.52 0.13
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Baseline CAC=0

Baseline CAC >0

(n=434) (n=689) pvalue
Phosphate (mg/dL) 3.62 £ 0.65 3.69+0.70 0.06
Fibroblast growth factor-23 (RU/mL) 120.0 (79.2-223.3)  131.2(91.6-210.5) 0.10
Total parathyroid hormone (pg/mL) 54.0 (37.0-86.4) 53.0 (36.9-82.0) 0.35
Alkaline phosphatase (U/L) 89.5+32.9 89.4+30.1 0.94
Hemoglobin Alc (%) 6.05 + 1.28 6.50 + 1.40 <0.001
HOMA-insulin resistance? 3.18(2.11-5.22) 3.98 (261-6.72)  <0.001
Uric acid (mg/dL) 6.96 + 1.89 7.19+1.80 0.04
Homocysteine (umol/L) 13.1+46 145+5.1 <0.001
Fibrinogen (mg/dL) 3.84+111 4.01+1.09 0.01
High sensitive C-reactive protein (mg/L) 2.21(0.91-4.98) 2.04 (0.92-4.60) 0.74
Interleukin-6 (pg/mL) 1.45 (0.92-2.32) 1.70 (1.09-2.58)  0.002
Tumor necrosis factor-a (mg/dL) 2.00 (1.30-3.00) 2.20 (1.40-3.30) 0.007

Data are expressed as mean + standard deviation or median (interquartile range) and n (%). CAC, coronary artery calcification; IQR, interquartile

range; SD, standard deviation.

a . . . .
Among those with no history of cardiovascular disease.
b

HOMA-insulin resistance = (fasting serum insulin [pU/mL] x fasting plasma glucose [mmol/L])/22.
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Table 2

Page 17

Annual square root transformed change in CAC associated with novel risk factors among 1,123 CRIC study

participants

Multivariable model 1P

Multivariable model 2¢

Variables2 Square root transformed Square root transformed

change in Agatston units/ p value change in Agatston units/ p value

year (95% CI) year (95% CI)

Eszt)imated glomerular filtration rate (17.4 ml/min/1.73 -0.26 (-0.36, —0.16) <0.001 -0.20 (-0.31, -0.10) <0.001
m
Log (24-hour urine albumin, 0.53 g/24 hours) 0.23 (0.12, 0.33) <0.001 0.14 (0.02, 0.25) 0.02
Cystatin C (0.66 mg/L) 0.29 (0.19, 0.39) <0.001 0.25 (0.15, 0.34) <0.001
Calcium (0.52 mg/dL) -0.20 (-0.30, -0.10) <0.001 -0.17 (-0.27, -0.07) <0.001
Phosphate (0.68 mg/dL) 0.21(0.11, 0.31) <0.001 0.14 (0.03, 0.24) 0.009
Log (fibroblast growth factor-23, 0.82 RU/mL) 0.28 (0.19, 0.38) <0.001 0.24 (0.14,0.33) <0.001
Log (total parathyroid hormone, 0.67 pg/mL) 0.18 (0.08, 0.27) <0.001 0.13(0.04, 0.23) 0.007
Alkaline phosphatase (31.2 U/L) -0.02 (-0.12, 0.07) 0.63 -0.07 (-0.17, 0.02) 0.14
Hemoglobin Alc (1.37%) 0.20 (0.11, 0.30) <0.001 0.10 (<0.03, 0.22) 0.12
Log (HOMA-insulin resistance, 0.62) 0.13(0.03, 0.23) 0.01 0.03 (-0.08, 0.14) 0.59
Uric acid (1.84 mg/dL) 0.07 (-0.03, 0.17) 0.19 0.03 (-0.07, 0.14) 0.51
Homocysteine (4.93 umol/L) 0.08 (-0.02, 0.19) 0.13 0.02 (-0.08, 0.13) 0.66
Fibrinogen (1.10 mg/dL) 0.15 (0.05, 0.25) 0.002 0.08 (~0.02, 0.18) 0.10
Log (high sensitive C-reactive protein, 0.80 mg/L) 0.02 (-0.08, 0.12) 0.66 0.04 (-0.06, 0.13) 0.45
Log (interleukin-6, 0.57 pg/mL) 0.18 (0.08, 0.28) <0.001 0.17 (0.07, 0.27) <0.001
Log (tumor necrosis factor-a., 0.52 mg/dL) 0.15 (0.05, 0.25) 0.004 0.12 (0.02, 0.22) 0.02

a L
One standard deviation increase.

Adjusted for age, sex, race/ethnicity, clinical site, and baseline CAC score.

Adjusted for age, sex, race/ethnicity, clinical site, baseline CAC score, total cholesterol, HDL cholesterol, systolic BP, use of antihypertensive

medications, diabetes, current smoking, history of CVD, use of statin medications, and physical activity.
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Table 3

Odds Ratios for Incident Coronary Artery Calcification Associated with Novel Risk Factors among

Participants without CAC at Baseline?

Multivariable-adjusted®

Multivariable-adjustedd

Variables?
Odds ratios (95% CI) pvalue Odds ratios (95% CI) pvalue

Estimated glomerular filtration rate (17.4 ml/min/1.73 m?) 0.73 (0.57-0.93) 0.01 0.80 (0.61-1.04) 0.10
Log (24-hour urine albumin, 0.53 g/24 hours) 1.44 (1.11-1.87) 0.006 1.21 (0.90-1.63) 0.21
Cystatin C (0.66 mg/L) 1.24 (1.01-1.53) 0.04 1.16 (0.92-1.45) 0.21
Calcium (0.52 mg/dL) 0.82 (0.63-1.06) 0.13 0.89 (0.67-1.18) 0.43
Phosphate (0.68 mg/dL) 1.59 (1.22-2.08) <0.001 1.51 (1.13-2.01) 0.005
Log (fibroblast growth factor-23, 0.82 RU/mL) 1.38(1.12-1.71) 0.003 1.32(1.05-1.67) 0.02
Log (total parathyroid hormone, 0.67 pg/mL) 1.44 (1.13-1.84) 0.003 1.34 (1.03-1.74) 0.03
Alkaline phosphatase (31.2 U/L) 0.99 (0.79-1.24) 0.93 0.85 (0.67-1.09) 0.20
Hemoglobin Alc (1.37%) 1.39 (1.09-1.78) 0.009 1.22 (0.87-1.72) 0.25
Log (HOMA-insulin resistance, 0.62) 1.24 (0.98-1.58) 0.08 1.06 (0.79-1.43) 0.70
Uric acid (1.84 mg/dL) 1.22 (0.95-1.57) 0.11 1.10 (0.84-1.44) 0.49
Homocysteine (4.93 pmol/L) 1.27 (0.97-1.66) 0.09 1.24 (0.93-1.65) 0.15
Fibrinogen (1.10 mg/dL) 1.46 (1.14-1.87) 0.003 1.32 (1.01-1.73) 0.04
Log (high sensitive C-reactive protein, 0.80 mg/L) 1.16 (0.91-1.48) 0.23 1.04 (0.80-1.36) 0.75
Log (interleukin-6, 0.57 pg/mL) 1.63 (1.22-2.17) <0.001 1.46 (1.08-1.99) 0.02
Log (tumor necrosis factor-a., 0.52 mg/dL) 1.39(1.09-1.77) 0.009 1.28 (0.99-1.66) 0.06

a . A ] . . . .
Incident coronary artery calcification was defined as any increase in CAC from the baseline to follow-up visit.

b T
One standard deviation increase.

Adjusted for age, sex, race/ethnicity, clinical site, and follow-up time between CT scans.
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Adjusted for age, sex, race/ethnicity, clinical site, follow-up time between CT scans, total cholesterol, HDL cholesterol, systolic BP, use of

antihypertensive medications, diabetes, current smoking, history of CVD, use of statin medications, and physical activity.
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Odds Ratios for Coronary Artery Calcification Progression Associated with Novel Risk Factors among
Participants with CAC >0 at Baseline?

Table 4

Multivariable-adjusted®

Multivariable-adjustedd

Variables?

Odds ratios (95% CI) pvalue Odds ratios (95% CI) pvalue
Estimated glomerular filtration rate (17.4 ml/min/1.73 m?) 0.52 (0.38-0.70) <0.001 0.55 (0.40-0.76) <0.001
Log (24-hour urine albumin, 0.53 g/24 hours) 1.44 (1.14-1.82) 0.002 1.36 (1.05-1.77) 0.02
Cystatin C (0.66 mg/L) 1.67 (1.32-2.13) <0.001 1.68 (1.29-2.18) <0.001
Calcium (0.52 mg/dL) 0.70 (0.55-0.89) 0.003 0.72 (0.56-0.92) 0.01
Phosphate (0.68 mg/dL) 1.71 (1.34-2.19) <0.001 1.55 (1.21-2.00) <0.001
Log(fibroblast growth factor-23, 0.82 RU/mL) 1.66 (1.30-2.11) <0.001 1.66 (1.28-2.15) <0.001
Log(total parathyroid hormone, 0.67 pg/mL) 1.30 (1.02-1.65) 0.03 1.24 (0.97-1.60) 0.09
Alkaline phosphatase (31.2 U/L) 1.04 (0.82-1.31) 0.77 1.03 (0.80-1.33) 0.81
Hemoglobin Alc (1.37%) 1.39 (1.13-1.71) 0.002 1.11 (0.85-1.44) 0.44
Log (HOMA-insulin resistance, 0.62) 1.32(1.06-1.66) 0.02 1.09 (0.84-1.40) 0.53
Uric acid (1.84 mg/dL) 0.96 (0.76-1.23) 0.77 0.91 (0.70-1.17) 0.44
Homocysteine (4.93 pmol/L) 1.20 (0.95-1.52) 0.12 1.08 (0.84-1.39) 0.55
Fibrinogen (1.10 mg/dL) 1.04 (0.83-1.32) 0.72 1.01 (0.79-1.28) 0.95
Log (high sensitive C-reactive protein, 0.80 mg/L) 0.89 (0.70-1.13) 0.35 1.00 (0.78-1.28) 0.99
Log (interleukin-6, 0.57 pg/mL) 0.91 (0.71-1.16) 0.44 0.93 (0.72-1.21) 0.60
Log (tumor necrosis factor-a., 0.52 mg/dL) 1.36 (1.08-1.72) 0.008 1.44 (1.12-1.86) 0.004

a L . ) . . . .
Coronary artery calcification progression was defined as an annual increase of 2100 Agatston units from the baseline to follow-up visit.

b T
One standard deviation increase.

cAdjusted for age, sex, race/ethnicity, clinical site, and baseline CAC score.
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Adjusted for age, sex, race/ethnicity, clinical site, baseline CAC score, total cholesterol, HDL cholesterol, systolic BP, use of antihypertensive
medications, diabetes, current smoking, history of CVD, use of statin medications, and physical activity.
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