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Abstract

Background: Abdominal aortic calcification (AAC) is a critical in-
dicator of cardiovascular risk, particularly in patients with chronic 
kidney disease (CKD). Traditional classification systems may under-
estimate the risk in those with moderate CKD. This study aimed to 
evaluate the association between CKD risk categories - defined by 
both estimated glomerular filtration rate (eGFR) and albuminuria - 
and the prevalence of severe AAC.

Methods: This cross-sectional study analyzed data from the National 
Health and Nutrition Examination Survey (NHANES) 2013-2014. 
We included adults aged ≥ 40 years who underwent imaging for AAC 
assessment, excluding pregnant individuals and those without AAC 
scores. Survey-weighted and multivariate logistic regression was em-
ployed to assess the relationship between CKD risk categories and 
severe AAC, adjusting for age, hypertension, and smoking history. 
Subgroup analyses were conducted to explore variability across de-
mographic and clinical subgroups.

Results: We analyzed data from 3,140 participants in the NHANES, 
423 (13.4%) of whom had severe AAC. The cohort was categorized 
into CKD risk categories 1 through 4, with the majority (76%) in 
stage 1. Severe AAC was more prevalent among older individuals 
and those with traditional cardiovascular risk factors. Initial unad-
justed analyses revealed that CKD category 2 was associated with a 

nearly fourfold increase in severe AAC (odds ratio (OR): 3.93), while 
categories 3 and 4 showed 3.75-fold and over 10-fold increases, re-
spectively (all P < 0.01). However, after adjusting for confounders, 
categories 2 and 4 showed higher risks of severe AAC compared to 
category 1, but these associations did not reach statistical significance 
(OR: 1.72, 95% confidence interval (CI): 0.90 - 1.86, P = 0.06 and 
OR: 5.70, 95% CI: 0.85 - 38.00, P = 0.07, respectively).

Conclusion: Our study offers insights that may complement the cur-
rent reliance on eGFR and albuminuria in risk stratification, high-
lighting that CKD category 2, defined by mildly reduced eGFR and 
albuminuria, may be a potential marker for severe AAC. Although 
statistical significance was narrowly missed after full adjustment, 
the clinical implications remain significant, advocating for more ag-
gressive cardiovascular risk management in this population. This un-
derstanding may contribute to evolving approaches in CKD-related 
cardiovascular risk assessment and inform potential intervention 
strategies.
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Introduction

Abdominal aortic calcification (AAC) is a significant indica-
tor of systemic atherosclerosis and is associated with increased 
cardiovascular morbidity and mortality [1, 2]. Epidemiologi-
cally, AAC is prevalent among older adults and is strongly 
linked to traditional cardiovascular risk factors such as ad-
vanced age, hypertension, smoking, dyslipidemia, and diabetes 
mellitus [2-4]. The presence of AAC signifies a higher burden 
of atherosclerosis and is often considered a prognostic marker 
for adverse cardiovascular events. Within the last two decades, 
chronic kidney disease (CKD) has been found to be a signifi-
cant risk factor and disease modifier for AAC. The progression 
of AAC can lead to increased arterial stiffness, reduced arterial 
compliance, and impaired blood flow, ultimately contributing 
to cardiovascular diseases (CVDs) and events.

Recent research has highlighted the role of various bio-
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markers in the pathogenesis and progression of arterial calcifi-
cation. Proinflammatory biomarkers such as β2-microglobulin 
(B2M), fibroblast growth factor 23 (FGF23), interleukin-8 
(IL-8), and IL-18 were found to be associated with arterial cal-
cification [5]. Elevated levels of these biomarkers suggested 
a shared pathophysiological mechanism involving chronic 
inflammation, oxidative stress, and mineral metabolism dys-
regulation. In addition, these biomarkers may be a common 
pathophysiologic pathway in traditional risk factors for the de-
velopment of AAC. Understanding the relationship between 
these biomarkers and AAC can provide insights into the un-
derlying mechanisms driving vascular calcification and help 
identify individuals at higher risk for cardiovascular events.

CKD is a known risk factor for atherosclerosis because of 
inflammation, oxidative stress, defective calcium-phosphorus 
metabolism, and superimposed traditional risk factors such as 
smoking, diabetes, and hypertension [6]. Microalbuminuria, 
albuminuria, and CKD are known to be associated with in-
creased risk of cardiovascular, cerebrovascular, and peripheral 
vascular diseases [7-9]. Additionally, there is a mounting body 
of evidence to support that microalbuminuria and albuminuria 
are independent risk factors for CVD in individuals with and 
without superimposed traditional risk factors for CVD [10]. To 
better understand the prognosis and severity of comorbid con-
ditions in patients with CKD, The Kidney Disease: Improving 
Global Outcomes (KDIGO) 2012 guidelines recommend clas-
sifying patients based on glomerular filtration rate (GFR) and 
albuminuria [11]. Although multiple researchers in the past 
have studied the correlation of risk factors and various lab pa-
rameters and CKD, studies comparing these parameters with 
renal risk stratification are limited.

We aimed to study the association of risk factors for devel-
oping severe AAC. Specifically, we sought to evaluate the role 
of different CKD risk categories and traditional risk factors 
as drivers of the development of severe AAC in a nationally 
representative sample of the US adult population.

Materials and Methods

Study design and population

The study was conducted and reported according to the 
Strengthening the Reporting of Observational Studies in Epi-
demiology (STROBE) Statement: guidelines for reporting 
observational studies. This cross-sectional study utilized data 
from the National Health and Nutrition Examination Survey 
(NHANES) 2013-2014. NHANES is a program designed to 
assess adults’ and children’s health and nutritional status in 
the United States through interviews, laboratory analysis, and 
physical examinations. The survey conducted by NHANES 
has regularly received IRB approval and its respective IRB 
protocol number is available in literature [12]. The study was 
conducted in compliance with the ethical standards of the re-
sponsible institution on human subjects as well as with the 
Helsinki Declaration.

Individuals who participated in the NHANES 2013-2014 
study cycle , were aged ≥ 40 years and underwent imaging for 

the assessment of AAC were included in the analysis. Preg-
nant participants and those who did not have AAC scores were 
excluded from the analysis. Smoking history was defined as 
lifetime smoking of 100 cigarettes. Hypertension, hypercho-
lesterolemia, and diabetes mellitus were abstracted from the 
NHANES 2013-2014 questionnaire and examination. Patients 
with diabetes were defined as taking hypoglycemic medica-
tions or having a diagnosis of diabetes, having either a hemo-
globin A1c (HbA1c) level of greater than 6.4% or having a 
fasting plasma glucose greater than 125 mg/dL. Hypertension 
was defined as taking antihypertensive medications, having a 
history of hypertension, or having a systolic blood pressure of 
greater than 140 mm Hg. Hypercholesterolemia was defined 
as either having a history of hypercholesterolemia or being on 
antihyperlipidemic medications.

AAC assessment

AAC was assessed using dual-energy X-ray absorptiometry 
(DXA) scans. NHANES 2013-2014 employed both AAC-24 
(Kaupilla) and AAC-8 (Schouseboe) methods for assessing 
AAC [13-15]. The AAC-24 score described by Kauppila eval-
uates calcification of the walls of the abdominal aorta along 
the first and fourth lumbar vertebra as visualized on lateral 
lumbar radiography. The degree of calcification of the anterior 
and posterior wall of the aorta is scored along these vertebral 
segments: a score of 0 if there is no calcification, 1 if one-
third or less of the aortic wall in that segment is calcified, 2 if 
greater than one-third but less than two-thirds of the aortic wall 
is calcified and 3 if greater than two-thirds of the aortic wall is 
calcified. The total score is the sum of anterior and posterior 
aortic calcification scores along each vertebral segment (0 - 
6), rendering a total score of 24 [15]. Conversely, the AAC-8 
score is the sum of the anterior and posterior abdominal aortic 
wall calcification observed along the length of L1-L4. A score 
of 0 if no calcification is observed along the length of a verte-
bral body, a score of 1 if the calcification is observed involving 
≤ 1 vertebral length, 2 if > 1 but ≤ 2 vertebral lengths, 3 if > 
2 but ≤ 3 vertebral lengths and 4 if > 3 vertebral lengths [13]. 
We define severe AAC score as greater than 3 (0 - 8 score) and 
greater than or equal to 5 (0 - 24 score) [14]. Further informa-
tion on the AAC grading system can be found in literature [16].

CKD risk categories

The CKD risk categories (renal risk) are defined based on 
KDIGO 2012 guidelines and range from low to very high risk 
[17]. Low risk (category 1) includes individuals with normal 
or high GFR (≥ 90 mL/min/1.73 m2) and normal to mildly in-
creased albuminuria (A1: < 30 mg/g), as well as those with 
mildly decreased GFR (60 - 89 mL/min/1.73 m2) and normal 
to mildly increased albuminuria (A1: < 30 mg/g). Moderate-
ly increased risk (category 2) encompasses individuals with 
normal or high GFR (≥ 90 mL/min/1.73 m2) and moderately 
increased albuminuria (A2: 30 - 299 mg/g), mildly decreased 
GFR (60 - 89 mL/min/1.73 m2) and moderately increased al-
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buminuria (A2: 30 - 299 mg/g), and mildly to moderately de-
creased GFR (45 - 59 mL/min/1.73 m2) with normal to mildly 
increased albuminuria (A1: < 30 mg/g). High risk ( category 
3) includes those with normal or high GFR (≥ 90 mL/min/1.73 
m2) and severely increased albuminuria (A3: ≥ 300 mg/g), 
mildly decreased GFR (60-89 mL/min/1.73 m2) and severely 
increased albuminuria (A3: ≥ 300 mg/g), mildly to moderately 
decreased GFR (45 - 59 mL/min/1.73 m2) and moderately in-
creased albuminuria (A2: 30 - 299 mg/g), and moderately to 
severely decreased GFR (30 - 44 mL/min/1.73 m2) with normal 
to mildly increased albuminuria (A1: < 30 mg/g). Very high 
risk (category 4) is characterized by individuals with mildly to 
moderately decreased GFR (45 - 59 mL/min/1.73 m2) and se-
verely increased albuminuria (A3: ≥ 300 mg/g), moderately to 
severely decreased GFR (30 - 44 mL/min/1.73 m2) with mod-
erately increased albuminuria (A2: 30 - 299 mg/g) or severely 
increased albuminuria (A3: ≥ 300 mg/g), severely decreased 
GFR (15 - 29 mL/min/1.73 m2) with any level of albuminuria 
(A1, A2, or A3), and those with kidney failure (GFR < 15 mL/
min/1.73 m2) regardless of albuminuria levels (A1, A2, or A3).

The association between CKD stages, with other risk fac-
tors, and severe AAC was evaluated using multivariable logistic 
regression models. The current study included demographics 
and health condition covariates. The demographic covariates 
included sex, age, and race. Several anthropometric and labo-
ratory covariates also have been included, such as body mass 
index (BMI, kg/m2, calculated as weight in kilograms divided 
by height in meters squared), serum creatinine (mg/dL), se-
rum uric acid (mg/dL), low-density lipoprotein (LDL, mg/dL), 
triglycerides (mg/dL), serum total calcium (mg/dL), serum 
phosphorus (mg/dL), serum chloride (mmol/L), serum potas-
sium (mmol/L), serum bicarbonate (mmol/L), serum sodium 
(mmol/L), serum potassium (mmol/L), 25-OH vitamin D3 
(nmol/L), neutrophile count (1,000 × 103/µL), platelet count 
(1,000 × 103/µL), lymphocyte count (1,000 × 103/µL), Hb (g/
dL), and HbA1c (%). Estimated GFR (eGFR) was calculated 
using the Chronic Kidney Disease Epidemiology Collabora-
tion (CKD-EPI) (no race equation) [18]. Platelet/lymphocyte 
ratio and neutrophile/lymphocyte ratio were evaluated as in-
flammatory biomarkers determined by platelet count divided 
by lymphocyte count, and neutrophile count divided by lym-
phocyte count, respectively. Missing values were substituted 
using multiple imputations. Data found to be missing com-
pletely at random (MCAR) were determined according to Lit-
tle’s MCAR test [19].

Descriptive statistics were used to summarize the charac-
teristics of the study population, stratified by the presence of 
severe AAC. All analyses were weighted and conducted us-
ing survey-specific and complex sample procedures in STATA 
version 17 (College State, TX, USA) to account for the com-
plex sampling design of NHANES. Results are statistically 
significant if the two-sided P-value is less than 0.05. Continu-
ous variables were summarized as means with standard devia-
tion, and categorical variables as frequencies and percentages. 
Continuous variables were analyzed using univariate binary 
logistic regression, and categorical variables were analyzed 
using the Chi-squared test. Those variables found to be statisti-
cally significant by univariate analysis (P < 0.05) were entered 
simultaneously into a multivariable regression model. The 

model retained variables that remained statistically significant 
(P < 0.05), with odds ratio (OR) and 95% confidence intervals 
(CIs). Stepwise selections for logistic regression were based 
on the maximum likelihood ratio. For continuous variables, 
the OR represents the relative amount by which the probabil-
ity of observing risk for severe AAC increases or decreases if 
the independent variable is increased by exactly one unit. ORs 
and their 95% CIs were determined by exponentiation of the 
regression coefficient and its upper and lower 95% CI, respec-
tively.

We initially ascertained what clinical, laboratory, and de-
mographic variables were independent risk factors associated 
with AAC by employing binary multivariable logistic regres-
sion. To determine if renal risk categories were associated 
with severe AAC, we next created logistic regression models 
with gradational adjustment, adding those risk factors that had 
been found to be independent predictors associated with se-
vere AAC in the previous multivariable logistic regression. 
As GFR is included in the renal risk stratification, GFR was 
excluded from the models. Model 1 was unadjusted. In model 
2, age was added, and in model 3, age and hypertension were 
added. Model 4 was additionally adjusted by age, hyperten-
sion, and smoking history. In order to determine the magnitude 
and significance of predefined subgroups with renal risk and 
severe AAC, we performed an interaction test and subgroup 
analysis stratified by age ≥ 65, age < 65, Caucasian race, non-
Caucasian, gender, hypertension, no hypertension, diabetes, 
and no diabetes.

Results

Univariate analysis of participant characteristics

Of the 3,140 individuals, 423 (13.4%) were classified as hav-
ing severe AAC (Fig. 1). There were marked differences in 
those with and without severe AAC in age, smoking history, 
hypertension, diabetes mellitus, blood urea nitrogen (BUN), 
serum chloride, eGFR, serum phosphorus, platelet count, neu-
trophil/lymphocyte ratio, and HbA1c. Tables 1 and 2 describe 
participant characteristics, comorbidities, and laboratory val-
ues. Within the setting of renal risk categories, 2,375 (76%) 
individuals were classified as stage 1, 584 (19%) as stage 2, 86 
(3%) as stage 3, and 95 (3%) as stage 4.

Table 3 presents a multivariable logistic regression analy-
sis examining the risk factors for severe ACC. The analysis 
analyzes four traditional CV risk factors: age, history of hyper-
tension, smoking history, and eGFR. Each year of increasing 
age is associated with a 10% increase in the odds of severe 
AAC, as indicated by an OR of 1.10 (P < 0.0001). Hyperten-
sion and smoking history are also significant risk factors, with 
ORs of 1.83 and 1.76, respectively, suggesting that individuals 
with these conditions are more likely to develop severe AAC 
compared to their counterparts. Conversely, higher eGFR is 
associated with a reduced risk of severe AAC (OR: 0.98, 95% 
CI: 0.97 - 0.98, P = 0.004).

We performed a series of multivariable logistic regres-
sions with gradation adjustment to ascertain the relationship 
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between renal risk categories and the development of severe 
AAC (Table 4). The first, unadjusted model shows strong as-
sociations, indicating significant increases in the likelihood of 
severe AAC as renal risk increases: category 2 shows a nearly 
fourfold increase (OR: 3.93), category 3 approximately a 3.75-
fold increase, and category 4 over a 10-fold increase in risk, all 
statistically significant.

When adjustments are made for age, the strength of these 
associations diminishes. In the age-adjusted model, category 
2 retains a statistically significant, albeit reduced, association 
with severe AAC (OR: 1.8), while categories 3 and 4 see a 
significant drop in OR, with category 4’s wide CI suggesting 
high variability in the estimate. Further adjustments for hyper-
tension show a continued decrease in OR for all categories of 
renal risk. The final adjustments, which include age, hyperten-
sion, and smoking history, show a slight increase in OR for 
categories 2 and 4 compared to the previous model, but these 
associations still do not reach statistical significance. Notably, 
category 2 is associated with a 70% increased risk of severe 
AAC relative to category 1 but marginally missed the statisti-
cal significance threshold (OR: 1.72, 95% CI: 0.90 - 1.86, P = 
0.06).

Additionally, we performed multivariable logistic regres-
sions with gradation adjustment to evaluate the association 
between CKD stages based on KDIGO 2012 guidelines and 
the risk of severe AAC. In the initial unadjusted model, CKD 
stages 3 and above are significantly associated with the risk of 

severe AAC. However, after adjustment for other confound-
ers, this association attenuates (Supplementary Materials 1-3, 
jocmr.elmerjournals.com).

Subgroup analysis

The current subgroup analysis showed that the association be-
tween renal risk categories and severe AAC was inconsistent 
(Table 5). For the association between renal risk categories and 
severe AAC stratified into predetermined subgroups, we ob-
served positive associations for participants in renal risk for 
category 4 stratified by age < 65 (OR: 14.5, 95 CI: 2.9 - 70.8), 
and those whose age was ≥ 65 for renal risk for CKD catego-
ries 2 and 4 (OR: 2.27, 95% CI: 1.2 - 4.35 and OR: 4.41, 95% 
CI: 1.15 - 16.29). When participants were stratified accord-
ing to gender, we observed a positive association for renal risk 
categories 2, 3, 4 and severe AAC in male gender participants 
(OR: 4.85, 95% CI: 2.66 - 8.83; OR: 5.42, 95% CI: 1.37 - 21.5; 
OR: 7.99, 95% CI: 1.31 - 48.6) and renal risk category 2 and 
4 in female participants (OR: 3.32, 95% CI: 1.67 - 6.57, and 
OR: 39.9, 95% CI: 3.20 - 498). Stratified by the presence or 
absence of diabetes, in those with diabetes, a positive associa-
tion was found in renal risk for category 4 and severe AAC 
(OR: 5.29, 95% CI: 1.16 - 25.8), and in those without diabetes, 
a positive association was found in renal risk and severe AAC 
in category 2 (OR: 4.7, 95% CI: 2.54 - 8.74). Stratified by Cau-

Figure 1. Flowchart of selection of participants. AAC: abdominal aortic calcification; NHANES: National Health and Nutrition 
Examination Survey.
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Table 2.  Univariate Analysis

Variables
No AAC 
unweighted 
(n = 2,717)

No AAC 
weighted (n = 
1.108 × 108), SE 
7.107 × 106*

AAC un-
weighted 
(n = 423)

AAC weighted 
(1.490 × 107) SE 
1.154 × 106*

OR 95% CI P-value

Sex (male) 1,314 (48%) 5.37 × 107 (48%) 204 (48%) 6.76 × 106 (45%) 0.89 0.6 - 1.30 0.49
Race (Caucasian) 1,129 (42%) 7.78 × 107 (70%) 246 (58%) 1.15 × 107 (77%) 1.43 0.96 - 2.14 0.07
Hypertension 1,460 (53%) 5.56 × 107 (50%) 335 (79%) 1.18 × 107 (79%) 3.77 2.8 - 5.10 0.00001
Diabetes 543 (20%) 1.70 × 107 (15% 151 (36%) 4.70 × 106 (31%) 2.53 1.93 - 3.30 0.00001
Hypercholesterolemia 1,275 (47%) 5.34 × 107 (48%) 273 (61%) 9.73 × 106 (65%) 2.03 1.57 - 2.61 0.00002
Smoked more than 100 cigarettes in a lifetime 1,207 (44%) 4.91 × 107 (44%) 254 (57%) 8.7 × 106 (58%) 1.75 1.30 - 2.40 0.0015

*Univariate analysis of demographic and clinical variables by the presence of severe abdominal aortic calcification. AAC: abdominal aortic calcifica-
tion; CI: confidence interval; OR: odds ratio; SE: standard error.

Table 1.  Demographics and Laboratory Findings of Included Patients

Variables

Severe AAC, n = 423, Popu-
lation size (weighted es-

timate = 14,592,085)

No severe AAC, n = 2,717, 
Population size (weighted 
estimate = 112,592,130) P-value

Mean SE Mean SE
Age (years) 69.2 1.0 55.9 0.5 < 0.001
Body mass index (kg/m2) 27.2 0.8 28.7 0.2 0.09
Urine albumin/creatinine ratio (mg/g) 102.3 16.7 35.0 10.7 0.19
Albumin (g/dL) 4.2 0.03 4.2 0.02 0.61
Creatinine (mg/dL) 1.1 0.02 0.9 0.02 0.27
Uric acid (mg/dL) 5.7 0.2 5.4 0.04 0.082
Sodium (mmol/L) 140.2 0.2 139.9 0.1 0.19
Potassium (mmol/L) 4.2 0.04 4.1 0.02 0.054
Bicarbonate (mmol/L) 25.9 0.2 25.5 0.2 0.076
Blood urea nitrogen (mg/dL) 16.5 0.8 13.6 0.2 0.001
Chloride (mmol/L) 103.6 0.2 104.3 0.1 0.013
Calcium (mg/dL) 9.5 0.03 9.4 0.02 0.072
eGFR (mL/min/1.73 m2) 70.0 1.7 86.2 0.7 0.00001
Phosphorus (mg/dL) 3.8 0.05 3.7 0.02 0.04
Klotho (pg/mL) 799.9 22.3 842.0 13.3 0.1
Lymphocyte (1,000 cells/µL) 1.8 0.1 1.9 0.03 0.14
Segmented neutrophils (1,000 cells/µL) 4.1 0.1 4.1 0.1 0.34
Hemoglobin (g/dL) 14.1 0.2 14.3 0.1 0.18
Platelet count (1,000 cells/µL) 217.2 4.1 231.5 1.6 0.002
Platelet/lymphocyte ratio 137.0 6.3 131.1 1.3 0.23
Neutrophil/lymphocyte ratio 2.7 0.1 2.3 0.04 0.00001
Triglycerides (mg/dL) 140.8 7.6 135.7 4.9 0.5
LDL-cholesterol (mg/dL) 109.4 4.1 116.3 1.1 0.2
HDL-cholesterol (mg/dL) 55.3 1.8 55.3 0.5 0.98
Insulin (µIU/mL) 12.7 1.2 12.3 0.76 0.62
HbA1c (%) 6.1 0.1 5.7 0.027 0.034
Apo B (mg/dL) 92 2.59 94 2.7 0.44

AAC: abdominal aortic calcification; Apo B: apolipoprotein B; CI: confidence interval; eGFR: estimated glomerular filtration rate; Hb: hemoglobin; 
HDL: high-density lipoprotein; LDL: low-density lipoprotein; OR: odds ratio; SE: standard error.
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casian and non-Caucasian race, among Caucasians, there was 
a positive association in renal risk categories 2, 3 and 4 and se-
vere AAC (OR: 3.93, 95% CI: 1.8 - 8.5; OR: 4.57, 95% CI: 1.3 
- 15.9; and OR: 11, 95% CI: 1.5 - 80.6, respectively). Among 

non-Caucasians, there was a positive association among those 
in renal risk category 4 and severe AAC (OR: 14.5, 95% CI: 
3 - 71). Stratified by hypertension and no hypertension, a posi-
tive association was found in renal risk categories 2 and 4 and 

Table 3.  Multivariable Logistic Regression of Risk Factors for Severe AAC

Variables OR SE 95% CI P-value
Age 1.10 0.01 1.05 1.11 0.00001
History of hypertension 1.83 0.48 1.04 3.21 0.03
Smoking history 1.76 0.45 1.03 3.0 0.04
eGFR 0.98 0.01 0.97 0.98 0.004

AAC: abdominal aortic calcification; CI: confidence interval; eGFR: estimated glomerular filtration rate; OR: odds ratio; Ref: reference; SE: standard 
error.

Table 4.  Multivariate Analysis of Renal Risk for CKD and AAC

Renal risk category OR SE 95% CI P-value
Multivariable logistic regression analysis of renal risk for  
CKD and AAC (unadjusted model)
  1 Ref. Ref. Ref. Ref. Ref.
  2 3.93 0.96 2.34 6.60 < 0.001
  3 3.75 1.74 1.40 10.08 0.012
  4 10.48 5.95 3.13 35.14 0.001
Multivariable logistic regression analysis of renal risk  
and AAC adjusted for age
  1 Ref. Ref. Ref. Ref. Ref.
  2 1.80 0.48 1.02 3.16 0.043
  3 1.34 0.64 0.48 3.72 0.549
  4 6.34 6.09 0.82 49.05 0.073
Multivariable logistic regression analysis of renal risk 
and AAC adjusted for age and hypertension
  1 Ref. Ref. Ref. Ref. Ref.
  2 1.60 0.43 0.96 2.94 0.067
  3 1.30 0.60 0.48 3.46 0.59
  4 5.30 4.8 0.76 36 0.09
Multivariable logistic regression analysis of renal risk and 
AAC adjusted for age, hypertension, and smoking history
  1 Ref. Ref. Ref. Ref. Ref.
  2 1.72 0.43 0.9 2.86 0.06
  3 1.07 0.50 0.40 3.0 0.90
  4 5.7 5.0 0.85 38 0.070
Multivariable logistic regression analysis of renal risk and AAC 
adjusted for age, hypertension, smoking history and BMI
  1 Ref Ref Ref Ref Ref
  2 1.73 0.44 1.00 2.98 0.05
  3 1.18 0.51 0.47 2.95 0.70
  4 6.34 6.13 0.80 49.83 0.08

AAC: abdominal aortic calcification; BMI: body mass index; CI: confidence interval; CKD: chronic kidney disease; OR: odds ratio; Ref: reference; 
SE: standard error.
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Table 5.  Subgroup Analyses Based on Patients’ Demographics and Comorbidities and Renal Risk Categories

Variables Renal risk 
category OR 95% CI P-value P-value for  

interaction
Age < 65 1 Ref. Ref. Ref. Ref. 0.453

2 2.27 0.73 7.05 0.144
3 4.02 0.68 23.74 0.116
4 14.54 2.99 70.68 0.003

Age ≥ 65 1 Ref. Ref. Ref. Ref.
2 2.29 1.20 4.357 0.015
3 1.51 0.52 4.41 0.421
4 4.41 1.15 16.89 0.033

Male gender 1 Ref. Ref. Ref. Ref. 0.714
2 4.85 2.66 8.83 0.0001
3 5.42 1.37 21.51 0.019
4 7.99 1.31 48.64 0.027

Female gender 1 Ref. Ref. Ref. Ref.
2 3.32 1.67 6.57 0.002
3 1.66 0.17 16.59 0.648
4 39.92 3.20 498.00 0.007

History of diabetes mellitus 1 Ref. Ref. Ref. Ref. 0.288
2 1.89 0.88 4.09 0.098
3 2.94 0.73 11.85 0.121
4 5.49 1.16 25.87 0.033

No history of diabetes mellitus 1 Ref. Ref. Ref. Ref.
2 4.71 2.54 8.74 0.0001
3 1.89 0.30 8.96 0.398
4 9.82 0.76 127.79 0.077

White race 1 Ref. Ref. Ref. Ref. 0.818
2 3.93 1.81 8.51 0.002
3 4.57 1.31 15.93 0.02
4 11.00 1.50 80.66 0.022

Non-white race 1 Ref. Ref. Ref. Ref.
2 2.27 0.73 7.05 0.144
3 4.02 0.68 23.74 0.116
4 14.53 2.99 70.68 0.003

History of hypertension 1 Ref. Ref. Ref. Ref. 0.411
2 3.01 1.81 5.02 0.0001
3 2.32 0.79 6.83 0.117
4 6.82 1.90 24.47 0.006

No history of hypertension 1 Ref. Ref. Ref. Ref.
2 3.59 1.35 9.54 0.014
3 7.58 0.66 87.09 0.097
4a n/a n/a n/a n/a

aThere were no participants with no history of hypertension in renal risk category for AAC class 4. CI: confidence interval; OR: odds ratio; Ref: refer-
ence.
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severe AAC in the hypertension subgroup (OR: 3.01, 95% CI: 
1.8 - 5.01; OR: 6.82, 95% CI: 1.90 - 24.47), and among the 
non-hypertension subgroup, a positive association was found 
in renal risk category 2 and severe AAC (OR: 3.59, 95% CI: 
1.35 - 9.54). Predefined subgroup analysis and interaction test 
demonstrated that there was no significant interaction across 
all subgroups between renal risk categories and severe AAC: 
age (P = 0.453), gender (P = 0.714), diabetes (P = 0.288), race 
(P = 0.818), and hypertension (P = 0.411), indicating that there 
was no significant dependence of age, gender, diabetes, race, 
and hypertension.

Discussion

The current study underlines the complexities of traditional 
risk factors in developing severe AAC. We show that tradition-
al risk factors for severe AAC, such as hypertension, advanc-
ing age, and smoking history, are independently associated 
with severe AAC. In addition, eGFR was negatively associated 
with severe AAC, with participants with higher eGFR demon-
strating less evidence of severe AAC. Although there was an 
association with increases in renal risk with severe AAC, these 
findings were inconsistent despite there being no interaction 
between renal risk and traditional risk factors for severe AAC.

Consistent with other studies, the current study found tra-
ditional risk factors of advancing age and hypertension to be 
associated with severe AAC [20]. There is a growing body of 
evidence showing that advancing age is associated with both 
the presence and severity of aortic calcification [21, 22]. Like-
wise, several studies have provided evidence that cigarette 
smoking is associated with AAC [21-23]. Witteman et al, in 
a study with a 9-year follow-up, revealed that compared with 
non-smokers, smoking 1 - 9 cigarettes a day was associated 
with a 40% risk of developing AAC, those who smoke 10 - 
19 cigarettes per day demonstrated a 100% risk of AAC and 
those who smoked greater than 20 cigarettes a day, the risk 
rose to 130% [24]. Hypertensive individuals are at risk for the 
development of atherosclerosis [20]. Several studies indicate 
that compared to non-hypertensive individuals, hypertensive 
subjects have more severe AAC [20, 23, 25].

Advancing age is associated with increased circulating re-
active oxygen and nitrogen species, leading to oxidative stress 
inflammation and endothelial dysfunction [26]. Aging is also 
associated with an imbalance in circulating antioxidants lead-
ing to a pro-oxidant state, an imbalance between circulating 
vasodilators and vasoconstrictors, endothelial dysfunction and 
attenuation of nitric oxide-mediated endothelial-derived vaso-
dilation [27-29]. Inflammatory proteins and cytokines such as 
IL-1β, tumor necrosis factor (TNF)-α, IL-6, and C-reactive 
protein (CRP) are elevated in advancing age [30]. This proin-
flammatory pro-oxidant state leads to vascular remodeling and 
atherosclerosis. The above proinflammatory and pro-oxidant 
state is not dissimilar in patients with hypertension and ciga-
rette smoking history [31, 32].

Over the last two decades, evidence has established that 
CKD may be a significant risk factor for the development of 
vascular calcification [20, 33, 34]; in contrast to traditional risk 

factors such as hypertension and smoking, which usually in-
volve intimal calcification, individuals with CKD, like those 
with diabetes also develop calcification of the tunica media. 
In addition, CKD is a pro-oxidant proinflammatory state char-
acterized by endothelial dysfunction and vascular remodeling 
[20, 23, 35].

Wang et al studied the relationship between eGFR and 
the risk of AAC. In their study of approximately 3,000 par-
ticipants, it was observed that there was a U-shaped associa-
tion between eGFR and AAC score, with an inflection point 
of 76.43 mL/min/1.73 m2. In other words, participants with 
eGFR beyond or lower than the inflection point are associated 
with a higher AAC score [36]. A similar U-shaped relation-
ship has been shown in a meta-analysis of 14 studies analyz-
ing the association of eGFR and mortality [37]. Investigators 
demonstrated a significant exponential increase in mortality 
risk at low eGFR levels. For instance, this risk became sta-
tistically significant around an eGFR of 60 mL/min/1.73 m2 
and was found to be twice as high at eGFR levels between 
30 and 45 mL/min/1.73 m2 compared to optimal eGFR levels, 
independent of albuminuria. Mortality risk remained relatively 
constant at eGFR levels of 75 - 105 mL/min/1.73 m2 but in-
creased above 105 mL/min/1.73 m2, particularly for all-cause 
mortality. The idea of increased risk of atherosclerosis or other 
cardiovascular outcomes at a higher eGFR warrants attention. 
Several theories may explain the latter scenario, including the 
measurement discrepancy with the overestimation of eGFR 
with the modification of diet in renal disease (MDRD) equa-
tion, sarcopenia due to malnutrition, and the higher prevalence 
of other traditional cardiovascular risk factors among those 
with higher eGFR.

An intriguing finding of our study indicates that the sig-
nificance of CKD risk category 3 in relation to AAC was nota-
bly attenuated after adjusting for confounders. This reduction 
in significance may be attributed to several factors. First, the 
potential for measurement error, particularly because of the 
reliance on a one-time urine sample collection, could have 
introduced variability that weakened the observed associa-
tions. Additionally, the overestimation of eGFR, which is not 
adjusted for lean body mass, might have skewed the categori-
zation, leading to an inaccurate classification of patients into 
CKD risk categories. The possibility of a curvilinear relation-
ship between eGFR and AAC also suggests that the risk might 
increase significantly between lower categories but plateau 
or diminish in higher categories like category 3, as shown by 
Wang et al [36]. Furthermore, the sample size for category 3 
might have been insufficient to detect a significant effect, par-
ticularly after adjusting for multiple covariates. Notably, while 
the data emphasized a stronger association for category 2 com-
pared to category 1, category 3 did not demonstrate the same 
significance level, potentially because of these factors.

Our findings underscore that CKD risk category 2, which 
includes individuals with mildly reduced eGFR (40 - 59 mL/
min/1.73 m2) and mild albuminuria (30 - 300 mg/g), may 
offer a more effective tool for capturing cardiovascular risk 
compared to the traditional eGFR-based classification system. 
The conventional classification system typically emphasizes 
an eGFR below 60 as the critical threshold for increased risk. 
However, this approach may mask or overlook a significant 



Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   https://jocmr.elmerjournals.com 597

Ang et al J Clin Med Res. 2024;16(12):589-599

population within category 2 who may inherently carry a high-
er risk of severe AAC. By integrating moderately increased al-
buminuria with a mildly reduced eGFR, category 2 potentially 
identifies patients who might not be flagged by the traditional 
eGFR cutoff alone but still carry a substantial risk of severe 
AAC.

Limitations

One of the primary limitations of this study stems from the use 
of data derived from the NHANES. As a cross-sectional survey, 
NHANES provides a snapshot of data at a single time, limiting 
our ability to infer causality or observe temporal changes in 
risk factors and outcomes. The nature of the NHANES sur-
vey also introduces the possibility of recall bias, particularly 
for self-reported data such as medical history, lifestyle factors, 
and medication use. Participants might not accurately recall or 
report their information, leading to potential misclassification 
and measurement error. Furthermore, the reliance on single 
measurements of eGFR and albuminuria is a significant limita-
tion. Kidney function and proteinuria are dynamic, and single-
point measurements may not accurately reflect the long-term 
status of these parameters. Another limitation is the potential 
for systematic errors in estimating eGFR, such as individual 
variations in muscle mass, which could lead to the potential 
overestimation or underestimation of kidney function. This 
systematic error could have affected the categorization of CKD 
risk, particularly in distinguishing between categories 2 and 3. 
Finally, the survey’s cross-sectional design limits our ability 
to fully adjust for confounding variables. While adjustments 
were made for key comorbidities such as age, hypertension, 
and smoking history, the possibility of residual confounding 
remains, particularly for unmeasured or inadequately meas-
ured variables. In addition, in terms of smoking history, there 
is significant amount of missing data on the years smoked and 
number of cigarettes used per day in the NHANES database. 
We have opted to use smoking of at least 100 cigarettes since 
this variable has the least missing data. Furthermore, the data 
on pharmacotherapy are not extracted and are beyond the scope 
of data collection in our study. Nevertheless, we believe that 
this represents an important avenue for future research. Over-
all, these limitations suggest that while the NHANES dataset 
provides valuable insights into population health, the findings 
should be interpreted cautiously, particularly when extrapolat-
ing to clinical practice or informing policy decisions. Further, 
longitudinal studies are needed to confirm these associations 
and better understand the progression of CKD and its related 
risks.

Conclusion

Our study reveals that traditional CKD risk stratification may 
underestimate cardiovascular risk, particularly in patients cat-
egorized as CKD category 2, where mildly reduced eGFR 
and albuminuria are associated with a heightened risk of se-
vere AAC. Although the associations did not reach statistical 

significance after adjusting for confounders, the findings still 
carry significant clinical implications. They suggest that pa-
tients in this category could benefit from more aggressive car-
diovascular risk management. The study’s limitations include 
its cross-sectional design, which precludes causal inferences, 
and potential measurement errors related to single-time assess-
ments of eGFR and albuminuria. The reliance on survey data 
might introduce bias due to self-reported information. Despite 
these limitations, our findings emphasize the need to refine 
CKD-related cardiovascular risk assessment to better identify 
and mitigate risks in this population, supporting the develop-
ment of targeted interventions and guiding future research to 
improve patient outcomes.
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(unadjusted).
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history.
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