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Purpose: Atherosclerosis contributes substantially to cardiovascular mortality in patients
with chronic kidney disease (CKD). But precise risk model for subclinical atherosclerosis in
the CKD population is still lacking. The study aimed to develop and validate a nomogram for
screening subclinical atherosclerosis among CKD patients without dialysis.

Patients and Methods: A total of 1452 CKD stage 1-5 has been recruited in this cross-
sectional study. Subclinical atherosclerosis was diagnosed with carotid ultrasonography.
Patients were divided into the training set and validation set. The risk factors of athero-
sclerosis were identified by the training set and confirmed by the validation set. The receiver
operating characteristic (ROC) curves and decision curve analyses (DCA) were executed to
evaluate the accuracy of fitted logistic models in training and validation sets. Finally,
a nomogram based on constructed logistic regression model in all participants was plotted.
Results: A total of 669 (46.1%) patients were diagnosed with subclinical carotid athero-
sclerosis. Binary logistic regression analysis showed that males, age, hypertension, diabetes,
CKD stages, calcium, platelet, and albumin were risk factors for atherosclerosis. The
accuracy of fitted logistic models was evaluated by the area under the ROC curve (AUC),
which showed good predictive accuracy in the training set (AUC=0.764 (95% Confidence
interval (CI): 0.733-0.794) and validation set (AUC=0.808 (95% CI: 0.765-0.852). A high
net benefit was also proven by the DCA. Finally, these predictors were all included to
generate the nomogram.

Conclusion: This proposed nomogram shows excellent predictive ability and might have
a significant clinical implication for detecting subclinical atherosclerosis in patients with
CKD.
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Introduction

Cardiovascular disease (CVD) is a leading cause of morbidity and mortality in
patients with chronic kidney disease (CKD) with or without dialysis,' even in
patients who received kidney transplantation.” Previous studies showed that the
mortality risk of CVD in CKD patients aged 25-34 years is 100—150 times higher
than that in other age groups,”* while in the end-stage kidney disease stage, CVD
deaths account for more than 50% of the total mortality of CKD patients.’
Additionally, CKD has been proven to be one of the main risk factors for CVD,
independently related to its occurrence and development. Recent studies have
suggested that abnormal mineral bone metabolism, protein energy-wasting, and
FGF23/Klotho axis are emerging risk factors for adverse renal outcomes. The
incidence of atherosclerosis, a common and frequently-occurring CVD,® is
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observed in younger patients recently, especially in the
CKD population.” An epidemiologic study indicated that
atherosclerosis is common in patients with advanced
CKD.® However, in recent years, it has been suggested
that the atherosclerosis risk is increased even in early CKD
stages.” Evidence indicates that the occurrence of athero-
sclerosis is accelerated in the CKD population due to
factors involving systemic calcium/phosphate imbalance,
vascular endothelial injury, inflammation, and uremic
toxicity.'® An increasing number of studies show that
atherosclerosis is regarded as the initial cardiovascular
abnormality in the CKD setting.'' Therefore, identifying
the risk factors and interventions for the pathogenesis of
atherosclerosis is crucial.

It is urgent to build a prediction model based on these
risk factors as a precise risk model for subclinical athero-
sclerosis in the CKD population remains lacking. In this
study, we aimed to develop and validate a nomogram for
screening subclinical atherosclerosis among CKD patients
without dialysis.

Patients and Methods

Participant Selection

The study participants were patients with non-dialysis
dependent CKD stages 1-5 from the research in evaluation
and treatment aimed renal disease (RETARD) cohort. The
RETARD study is a multi-center cohort study in southwest
China, which aimed to evaluate the risk factors for the
progression of CKD and the effect of treatment on prog-
nosis. The baseline characteristics of the RETARD study
were used for analysis in the current study. The estimated
glomerular filtration rate (¢GFR) was calculated according
to the CKD-EPI formula.'> CKD staging was performed
using the grading criteria from the KDIGO guideline."
Inclusion criteria are the following: (1) non-dialysis
patients with stages 1-5 CKD; (2) adults (age>18 years);
(3) complete medical records and follow-up data; and (4)
signed informed consent. Exclusion criteria are: (1) acute
renal failure and (2) previous or current diagnosis of
a malignant tumor.

Clinical Data Collection and Laboratory
Analysis

Demographic information and laboratory data of patients
meeting the enrollment requirements were extracted
from the Electronic Medical Record System of Xingiao
Hospital.  Blood data

samples for laboratory

measurement were collected between 7 am and 9 am,
after the patients fasted for at least 8 hours. The blood
sample was centrifuged at a speed of 3000 r/min for 10
min and stored at —80°C until analysis. The laboratory
data included serum hemoglobin, platelets, albumin,
creatinine, uric acid, calcium, phosphorus, and intact
parathyroid hormone (iPTH), which were measured
using the Beckman AU5800 automatic biochemical ana-
lyzer (Beckman Coulter, Inc., USA) in the Department
of Clinical Laboratory.

Carotid Ultrasonography

All participants underwent a carotid ultrasonography exam-
ination between January 2015 and August 2019. Bilateral
carotid arteries were analyzed by Color Doppler ultrasound
at a frequency of 10 MHz on linear array transducer (Model
Vinno 70; VINNO Technology (Suzhou) Co., Ltd., China)
by an experienced sonographer.'® Smooth of the carotid
artery was defined as normal. Additionally, an atherosclero-
tic plaque was defined as a focal structure encroaching into
the arterial lumen by at least 0.5 mm or 50% of the sur-
rounding intima-media thickness (IMT) value, or with
a thickness >1.5 mm as measured from the media-adventitia
interface to the intima-lumen interface.'® Both atherosclero-
tic plaque and significant IMT were regarded as carotid
atherosclerosis.

Statistical Methods

Means and standard deviations were used for quantita-
tive variables with normal distribution, while medians
(25th, 75th percentiles) were determined for quantitative
variables with non-normal distribution. Frequencies (%)
were indicated in parentheses for qualitative variables.
The independent samples #-test and Wilcoxon rank-sum
test were used to compare quantitative variables between
atherosclerosis and no- atherosclerosis; the chi-square
test was used for qualitative variables. Then, logistic
regression was used to screen risk factors, whereas recei-
ver operating characteristic (ROC) curves analysis and
decision curve analysis (DCA) were conducted to eval-
uate the performance of the model. Finally, the nomo-
gram based on the constructed logistic regression model
was plotted to display the risk of atherosclerosis.
Statistical significance level was set at 0.05, and all
analyses were performed with SPSS statistics (version
25.0, IBM Corporation).

1304 "

Dove!

Clinical Interventions in Aging 2021:16


https://www.dovepress.com
https://www.dovepress.com

Dove

Xiong et al

Results
Basic Information of the Included

Participants

A total of 1452 CKD participants with stages 1-5 who
received carotid ultrasonography were involved in this
study, of which 669 (46.1%) patients were diagnosed
with subclinical carotid atherosclerosis. The mean age of
patients was 54.4 (standard deviation: 14.4) years, and the
majority (60.2%) were males. As the frequently present
comorbidity in patients with CKD, the prevalence of CVD
was 34.4%, second only to hypertension (75.9%) and
followed by diabetes mellitus (26.2%). Due to the limited
patients in CKD stage 1 (4% of the total CKD patients),
we combined the CKD stage 1 and stage 2 into CKD stage
1-2 for analysis. Interestingly, the prevalence of subclini-
cal carotid atherosclerosis in CKD stages 1-2 was 34.5%,
which markedly increased in CKD stage 3 (50.2%), and
slightly decreased in stages 4 and 5; the prevalence was
46.9% and 47% for stages 4 and 5, respectively (Figure 1).
To prevent the model from over-fitting in the analysis of
influencing factors, participants were divided into the
training and validation sets according to the ratio of 7:3.
The basic information of the two sets is detailed in
Table 1. No differences in all characteristics were found
between the two sets, indicating that the division of the
dataset was reasonable and comparable. Participants were
then divided into two groups according to whether they
experienced atherosclerosis or not. Compared with
patients without atherosclerosis, patients with athero-
sclerosis were older, predominantly male, and more likely
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Figure | Prevalence of atherosclerosis by CKD stages.

to be known smokers and alcohol drinkers, and are thus
more inclined to develop CVD, diabetes mellitus, hyper-
tension, and worse CKD staging. Notably, there was no
difference in serum lipid levels, including total cholesterol,
triglyceride, high-density lipoprotein, and low-density
lipoprotein levels, between the two groups (Table 2).

Risk Factors Associated with the

Prevalence of Atherosclerosis
To investigate the risk factors associated with athero-
sclerosis in CKD patients, two models (model 1: basic
characteristics; model 2: model 1 plus clinical features)
were constructed by binary logistic regression. This
showed that the male sex, presence of hypertension
and diabetes mellitus, advanced age, CKD stage, higher
calcium levels, lower platelet counts, and albumin levels
were more inclined to lead to a higher prevalence of
atherosclerosis (Table 3). The ROC curves were plotted
to evaluate the accuracy of fitted logistic models in the
training and validation sets, whose areas under the
0.7636 0.8083,
indicating good predictive

curves  were and
(Figure 2),

Moreover, the DCA for two models in two sets were

respectively
accuracy.

also performed, revealing good net benefits (Figure 3).
Finally, a nomogram based on a constructed logistic
regression model in all participants was plotted to dis-
play the risk of atherosclerosis. The graph showed that
males, known hypertensives and diabetics, elderly, and
patients with high calcium, low platelet counts, or low
albumin corresponded to higher points, which implies
a higher risk of atherosclerosis (Figure 4).

Subgroup Analysis for CKD, Age, and Sex

Stratification

Stratification based on sex and age was performed due
to the possible effect of these factors on the occurrence
of atherosclerosis. Results showed that subclinical car-
otid atherosclerosis risk increases in patients over 65
years of age with CKD stages 4 and 5, while male
patients had a higher percentage of atherosclerosis in
all CKD stages (Figure 5A and B). CKD plays
a critical role in the occurrence of atherosclerosis,
and we stratified the patients with atherosclerosis into
the early CKD stage group (stages 1-3) and advanced
CKD stage group (stages 4 and 5) (Supplementary
Table 1), and compared the baseline characteristics of
the CKD patients with atherosclerosis between the

Clinical Interventions in Aging 2021:16

1305

Dove:


https://www.dovepress.com/get_supplementary_file.php?f=312129.docx
https://www.dovepress.com/get_supplementary_file.php?f=312129.docx
https://www.dovepress.com
https://www.dovepress.com

Xiong et al

Dove

Table | Basic and Clinical Features of the Training and Validation Sets in CKD Patients

Total Training Set Validation Set tizly* | P-value
(n = 1452) (n =1022) (n = 430)
Age, n (%) 54.4x14.4 54.9x14.1 53.3x14.9 1.954 0.051
Male, n (%) 874(60.2%) 628(61.4%) 246(57.2%) 2.270 0.132
CKD stage, n (%)
stage |-2 171(11.8%) 130(12.7%) 41(9.5%) 3.345 0.341
stage 3 261(18.0%) 183(17.9%) 78(18.1%)
stage 4 245(16.9%) 174(17.0%) 71(16.5%)
stage 5 775(53.4%) 535(52.3%) 240(55.8%)
Cardiovascular disease, n(%) 499(34.4%) 353(34.5%) 146(34.0%) 0.046 0.830
Diabetes, n (%) 380(26.2%) 257(25.1%) 123(28.6%) 1.873 0.171
Hypertension, n (%) 1102(75.9%) 769(75.2%) 333(77.4%) 0.799 0.371
Smoking, n (%) 447(30.8%) 327(32.0%) 120(27.9%) 2.375 0.123
Drinking, n (%) 366(25.2%) 258(25.2%) 108(25.1%) 0.003 0.959
Body mass index, kg/m? 23.6x3.7 23.6+3.7 23.5+3.7 0.623 0.534
Systolic blood pressure, mmHg 142.0+24.8 142.0+24.9 142.1+24.7 —-0.078 0.938
Uric acid, pmol/L 426.6£131.3 426.5+131.0 427.7+£130.7 —0.158 0.875
Serum hemoglobin, g/L 101.1+26.4 101.4+26.3 100.5+26.7 0.551 0.582
Albumin, g/L 37.8(32.6-41.8) 37.6(32.2-41.8) 38.1(33.841.8) —1.398 0.162
Phosphorus, mmol/L 1.43+0.50 1.42+0.49 1.46+0.51 —1.291 0.197
Calcium, mmol/L 2.18(2.04-2.30) 2.18(2.03-2.29) 2.19(2.06-2.31) -1.372 0.170
Intact parathyroid hormone, pg/mL 168.8(72.3-359.0) 171.8(68.2-362.7) 163.4(80.7-356.9) —0.611 0.541
Platelet counts, 10°/L 178.0(128.0-229.0) 179.0(129.0-229.0) 177.0(127.0-230.0) —0.114 0.909
Blood glucose, mmol/L 4.69(4.21-5.47) 4.66(4.20-5.40) 4.78(4.25-5.65) -1.721 0.085
Urine total protein, g/24h 1.94(0.67—4.06) 2.00(0.67-4.13) 1.85(0.68-3.89) —0.621 0.535
C-reactive protein, mg/L 4.70(2.40-13.00) 4.70(2.40-12.70) 4.80(2.40-14.35) —0.939 0.348
Total cholesterol, mmol/L 4.30(3.57-5.21) 4.35(3.58-5.29) 4.21(3.52-5.17) —1.096 0.273
Triglyceride, mmol/L 1.51(1.08-2.14) 1.51(1.08-2.16) 1.52(1.07-2.09) —0.114 0.909
High density lipoprotein, mmol/L 1.04(0.86—1.29) 1.04(0.86—1.28) 1.03(0.86-1.30) —0.035 0.972
Low density lipoprotein, mmol/L 2.32(1.82-3.00) 2.32(1.82-3.00) 2.32(1.82-3.00) —0.052 0.959

Notes: Uric acid: mg/dL=umol/Lx0.01681, Serum hemoglobin, g/dL=g/L*0.I, Albumin: g/dL=g/L*0.l, Phosphorus: mg/dL=mmol/Lx3.097, Calcium: mg/dL=mmol/L*4.008,
Intact parathyroid hormone: mg/dL=pg/mL, Platelet counts: mm>=10°/Lx1000, Blood glucose: mg/dL =mmol/Lx18.02, C-reactive protein: mg/dL=mg/Lx0.1, Total
cholesterol: mg/dL=mmol/L*38.67, Triglyceride: mg/dL=mmol/Lx88.545, High density lipoprotein: mg/dL=mmol/Lx38.61, Low density lipoprotein: mmol/L mg/dL=mmol/

Lx38.61.
Abbreviations: CKD, chronic kidney disease; AS, atherosclerosis.

early stage and advanced stage of CKD. Furthermore,
subgroup analysis based on sex and age was per-
formed, and the results are shown in Supplementary
Table 2. The adjusted odds ratio (OR) was shown in

Figure 6, indicating that in each CKD stage, male
patients had a higher OR than female patients, and
patients aged over 65 years had a higher OR than
those aged under 65 years.
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Table 2 Comparisons of Basic and Clinical Features of Training and Validation Set According to Atherosclerosis
Training Set (n =1022) Validation Set (n = 430)
No AS (n = 541) AS (n = 481) P-value | No AS (n = 242) AS (n = 188) P-value
Age, n (%) 48.6x13.1 62.0x11.7 <0.001 46.6x13.3 61.9+12.3 <0.001
Male, n (%) 286(52.9%) 342(71.1%) <0.001 126(52.1%) 120(63.8%) 0.014
CKD stage, n (%)

Stage -2 84(15.5%) 46(9.6%) 0.029 28(11.6%) 13(6.9%) 0.237

Stage 3 90(16.6%) 93(19.3%) 40(16.5%) 38(20.2%)

Stage 4 94(17.4%) 80(16.6%) 36(14.9%) 35(18.6%)

Stage 5 273(50.5%) 262(54.5%) 138(57.0%) 102(54.3%)
Cardiovascular disease, n(%) 143(26.4%) 210(43.7%) <0.001 62(25.6%) 84(44.7%) <0.001
Diabetes, n (%) 85(15.7%) 172(35.8%) <0.001 36(14.9%) 87(46.3%) <0.001
Hypertension, n (%) 381(70.4%) 388(80.7%) <0.001 172(71.1%) 161(85.6%) <0.001
Smoking, n (%) 142(26.2%) 185(38.5%) <0.001 59(24.4%) 61(32.4%) 0.064
Drinking, n (%) 119(22.0%) 139(28.9%) 0.011 54(22.3%) 54(28.7%) 0.128
Body mass index, kg/m2 23.3%£3.7 23.9+3.6 0.013 23.3%£3.7 23.743.7 0.291
Systolic blood pressure, mmHg 140.8+24.0 143.3+25.8 0.098 140.6+24.9 144.0+24.2 0.163
Uric acid, pmol/L 426.6+130.3 426.3x131.8 0.975 434.2+135.1 419.2+124.7 0.241
Serum hemoglobin, g/L 102.4+26.8 100.2+25.8 0.202 99.9£25.6 101.3+27.0 0.607
Albumin, g/L 38.7(33.2-42.8) 36.0(30.8-40.3) <0.001 38.5(33.141.9) 37.8(34.1-41.6) 0.718
Phosphorus, mmol/L 1.44+0.48 1.40+0.50 0.144 1.48+0.51 1.43£0.51 0.272
Calcium, mmol/L 2.20(2.05-2.30) 2.14(2.02-2.28) 0.018 2.20(2.06-2.32) 2.18(2.07-2.29) 0.486
Intact parathyroid hormone, pg/mL | 161.5(62.2-363.4) | 187.8(73.6-3615) | 0.336 | 163.2(82.6-360.8) | 166.0(79.5-341.2) | 0.986
Platelet counts, 10°/L 182.5(129.3— 173.0(128.0— 0.185 184.0(137.5— 168.0(122.0— 0.014

234.0) 227.0) 241.5) 218.0)
Blood glucose, mmol/L 4.59(4.20-5.15) 4.75(4.18-5.96) 0.005 4.56(4.19-5.23) 5.08(4.41-6.38) <0.001
Urine total protein, g/24h 1.86(0.63-3.52) 2.12(0.70-4.62) 0.034 1.73(0.61-4.23) 1.90(0.78-3.83) 0.632
C-reactive protein, mg/L 4.102.20-840) | 5.00(2.50-15.00) | <0.001 | 4.50(2.30-12.30) | 5.10(2.60-17.25) | 0.108
Total cholesterol, mmol/L 4.38(3.56-5.23) 4.32(3.63-5.32) 0.919 4.21(3.52-5.15) 4.19(3.54-5.17) 0.978
Triglyceride, mmol/L 1.53(1.08-2.23) 1.48(1.09-2.11) 0.494 1.47(1.06-2.12) 1.56(1.11-2.08) 0.651
High density lipoprotein, mmol/L 1.04(0.87-1.29) 1.05(0.84—1.25) 0356 1.03(0.84-1.31) 1.04(0.88-1.29) 0.905
Low density lipoprotein, mmol/L 2.29(1.82-2.98) 2.38(1.81-3.01) 0.453 2.34(1.86-2.95) 2.31(1.71-3.13) 0.786

Notes: Uric acid: mg/dL=pmol/L*0.01681, Serum hemoglobin, g/dL=g/Lx0.1, Albumin: g/dL=g/Lx0.1, Phosphorus: mg/dL=mmol/L*3.097, Calcium: mg/dL=mmol/L*4.008, Intact
parathyroid hormone: mg/dL=pg/mL, Platelet counts: mm>=10?/Lx 1000, Blood glucose: mg/dL =mmol/Lx18.02, C-reactive protein: mg/dL=mg/Lx0.1, Total cholesterol: mg/

dL=mmol/L*38.67, Triglyceride: mg/dL=mmol/L*88.545, High density lipoprotein: mg/dL=mmol/Lx38.61, Low density lipoprotein: mmol/L mg/dL=mmol/Lx38.61.

Abbreviations: CKD, chronic kidney disease; AS, atherosclerosis.

Discussion

knowledge, it is the first precise risk-model nomogram

Our study enrolled more than 1000 CKD patients to
analyze the risk factors for subclinical atherosclerosis

and use them to build a nomogram model. To our

in CKD
patients that was rigorously assessed and internally
validated.

for identifying subclinical atherosclerosis
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Table 3 Risk Factors Associated with the Prevalence of Atherosclerosis in the Training Set

Characteristics Model | Characteristics Model 2
P-value OR (95% CI) P-value OR (95% CI)
Female (vs males) <0.001 0.377(0.255-0.559) Female (vs males) <0.001 0.400(0.257-0.623)
Age, >65 years (vs <65 years) <0.001 1.088(1.073—1.104) Age, >65 years (vs <65 years) <0.001 1.085(1.068—1.102)
CKD stage 3 (vs stage |-2) 0.026 2.040(1.091-3.816) CKD stage 3 (vs stage 1-2) 0.006 2.393(1.279—-4.475)
CKD stage 4 (vs stage 1-2) 0.193 1.522(0.809-2.864) CKD stage 4 (vs stage 1-2) 0.011 2.249(1.245-4.062)
CKD stage 5 (vs stage 1-2) 0.026 1.913(1.082-3.382) CKD stage 5 (vs stage 1-2) 0.007 2.293(1.2104.342)
Hypertension 0.034 1.547(1.034-2.315) Hypertension 0.002 1.980(1.282-3.058)
Diabetes 0.002 1.798(1.242-2.602) Diabetes 0.001 2.013(1.315-3.083)
Albumin, g/L 0.001 0.963(0.941-0.986)
Calcium, mmol/L 0.043 2.488(1.027-6.028)
Platelet counts, 10°/L 0.011 0.998(0.996-0.999)

Experimental study and radiological analyses have
demonstrated that CKD dramatically accelerates the

atherosclerotic  lesions and

16,17

growth of amplifies

atherosclerosis, which involve the renin-angiotensin
system (RAS),'® augmentations of inflammation, perturba-
tion of lipid metabolism, endothelial impairment, and
other mechanisms.'® Nonetheless, strategies to prevent

activation of the pro-atherosclerotic signal pathway can
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Figure 2 The ROC curve of the two constructed models by logistic regression.

reduce the incidence of atherosclerosis and CVD events
in CKD populations.

Currently, population studies show a high prevalence of
atherosclerosis in CKD patients. An observational study
showed that about 25% of the individuals who had eGFR
<60 mL/min/1.73 m® had femoral artery plaque.*”
Furthermore, more than half of CKD patients without diabetes
and 69% of those with diabetes have atherosclerosis.”'
Imaging analysis also confirmed a high prevalence in non-
diabetic CKD patients.> However, the incidence may be var-
ied based on the parts of the artery, different confirmatory
methods, and CKD staging.”®> > In our study, we showed
that the prevalence of atherosclerosis is about 46%, and that
in CKD stages 1-2, nearly 34.5% of the patients have sub-
clinical atherosclerosis. It is highly suggested that screening
and early detection for subclinical atherosclerosis are essential
for its management.

Concurrently, cross-sectional studies from general
populations have shown an inverse association between
carotid IMT (c-IMT) and renal function.”® Recent studies
mainly focused on the prevalence of atherosclerosis in the
general population, while evidence in the CKD population
remains limited. We summarized the related studies which
investigated atherosclerosis in the general and CKD popu-
lations (Supplementary Table 3). In adults with no known

kidney disease, the c-IMT was significantly correlated with
eGFR and serum creatinine.?’” However, the association
between atherosclerosis and eGFR was slightly different
for sex. A study showed that c-IMT showed a significant
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Figure 3 The DCA for 2 models to predict the occurrence of atherosclerosis in CKD patients.

Abbreviation: DCA, decision curve analysis.

negative correlation with eGFR in both male (r=-0.346,
p<00.001) and female (r =-0.253, p <0.001) subjects.”® In
turn, subclinical carotid atherosclerosis can increase the
risk of CKD. In the Kyushu and Okinawa Population
Study with a five-year follow-up, 224 of the 1824
(12.9%) participants who developed CKD had higher car-
otid IMT.?® This indicates that CKD and atherosclerosis
may interact with, and reinforce, each other, although
specific mechanisms need to be further explored.
Atherosclerosis has been proven to be associated with
myocardial infarction, stroke, and peripheral artery
disease.”® In the CKD population, carotid plaque, even
subclinical, was closely associated with a poor prognosis
in non-diabetic CKD patients.*' The risk factors for ather-
osclerosis and its thrombotic complications include high
blood pressure, smoking, diabetes, increased age, and
increased high sensitivity C-reactive protein level.
A significant positive correlation was found between
CRP and c-IMT values (1=0.327; p<0.001).** The
National Observatory of Atherosclerosis in Nephrology

(NEFRONA) study indicated that age, diabetes, smoking

history, and phosphate levels are significantly associated
with atherosclerosis in non-dialysis dependent CKD
patients, wherein they noted sex to be another influencing
factor.>* The multivariable-adjusted maximum c-IMT was
significantly greater in CKD patients than in non-CKD
patients, although only in patients with hypertension,*
thereby implying that hypertension is a strong indicator
for atherosclerosis. Subgroup analysis further showed that
the atherosclerosis risk increased with eGFR decline in
male patients, which was not observed in female patients,
suggesting marked differences in the pathophysiological
process of atherosclerosis between sexes. A previous ani-
mal study showed that estrogens are a major determinant
of atherosclerosis progression, complications, and plaque
vulnerability in the reproductive stage.’> Several epide-
miological studies documented an inverse relationship
between plasma estrogen levels and the incidence of car-
diovascular disease, with higher plasma estrogen levels
contributing to the inhibition of atherosclerosis.>® This
was confirmed in the results of the study wherein patients
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Figure 5 Prevalence of atherosclerosis by age and CKD stages in males and females. (A) stratified by age and CKD stages in male patients, (B) stratified by age and CKD

stages in female patients, prevalence is colored in a 0—100% blue to red scale.

aged over 65 years, above postmenopausal age, were
shown to have increased atherosclerosis risk. The burden
of subclinical atherosclerosis is the strongest predictor of
future CVD events in diabetic CKD patients.>’ In our
study, we further confirmed these risk factors and built
a risk-model nomogram to achieve an accurate early diag-

nosis and facilitate target intervention.

Previous rodent animal studies indicated that lipid
levels and lipid oxidation products were associated with
atherosclerosis.*® Linear regression analysis showed that
low-density lipoprotein cholesterol (LDL-C) and total cho-
lesterol were risk factors for early-stage atherosclerosis.””
However, in our study, a significant relationship between
blood lipid and subclinical atherosclerosis was not
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observed. Nevertheless, we found that among all the CKD
patients with subclinical atherosclerosis, a significant dif-
ference in blood lipids levels was observed between early-
stage CKD and advance-stage CKD, age over 65 and
under 65, and male and female sexes. This indicates that
CKD staging, age, and sex have a strong interaction with
atherosclerosis. We speculated that dyslipidemia might
contribute to the occurrence and acceleration of athero-
sclerosis development in CKD conditions, although the
exact mechanism needs to be verified.

Limitation

There were a few limitations that should be addressed. Firstly,
we only performed duplex ultrasonography of carotid vessels
for detecting subclinical atherosclerosis, with no other test for
confirmation. Secondly, we performed a cross-sectional study
with a limited number of patients to build the risk model. Some
factors that may influence atherosclerosis were not identified in
the risk model, such as drug use, race, and geographic differ-
ences. Thirdly, the time variable was not accounted for in this
cross-sectional study; thus, we could not determine the cause
and effect of the disease as well as the interaction between
CKD and atherosclerosis. Therefore, a prospective cohort
study is warranted. Lastly, the precise nomogram risk model
was only validated by internal data, while verification was not
performed with external data. Further multi-center studies with
larger study populations are necessary for its verification.

Clinical Trial Registration
Current Trials number: ChiCTR2000034569.

Conclusion

The current study constructed a nomogram for identifying
subclinical atherosclerosis in the CKD population with
good performance, which could be used for early screen-
ing and facilitating the target intervention for subclinical
atherosclerosis in CKD patients.
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