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Background and aims: Increasing knowledge about calcification together with improved imaging techniques
provided evidence that intracranial arterial calcification (IAC) can be divided into two distinct entities: intimal
and medial calcification. The purpose of this study was to investigate the association between kidney function
and the two patterns of IAC, which could clarify the underlying mechanisms of intimal or medial calcification
and its clinical consequence.

Methods: A total of 516 participants were enrolled in this study. Kidney function was assessed using the estimated
glomerular filtration rate (eGFR) based on modified glomerular filtration rate estimating equation. The degree of
IAC measured by IAC scores was evaluated on non-contrast head computed tomography (CT) images and IAC was
classified as intimal or medial calcification. Associations of kidney function with IAC scores and patterns were
assessed sing multivariate logistic regression analysis.

Results: In 440 patients (85.27%) with IAC, 189 (42.95%) had predominant intimal calcifications and 251
(57.05%) had predominant medial calcifications. Multivariate analysis revealed that lower eGFR level (eGFR
<60 ml/min/1.73 mz) was associated with higher IAC scores (odds ratio [OR] 2.01; 95% confidence interval
[CI], 1.50-2.71; p < 0.001). Medial calcification was more frequent in the lower eGFR group (eGFR <60 ml/
min/1.73 m?) compared to the other two groups with eGFR 60 to 89 and eGFR >90 ml/min/1.73 m? (78.72% vs.
53.65%, p < 0.001; 78.72% vs. 47.78%, p < 0.001). In multivariable analysis, impaired kidney function was
associated with an increased odds of medial calcification presence in patients with eGFR <60 ml/min/1.73 m?
(OR, 1.47; 95% CI, 1.05 to 2.06).

Conclusions: Our findings demonstrated that impaired renal function was independently associated with a higher
degree of calcification in intracranial arteries, especially medial calcification, which reflects a distinction be-
tween two types of arterial calcification and raise the possibility for specific prevention of lesion formation.

1. Introduction

Intracranial arterial calcification (IAC) can be easily identified on
computed tomography (CT) [1]. The highest prevalence of IAC was seen
in the internal carotid artery (80.4%), followed by the vertebral artery
(35.6%), basilar artery (7.3%) and middle cerebral artery (4.5%) [2].
Previously regarded as a proxy indicator of intracranial atherosclerosis
(ICAS), IAC has been reported to be a risk factor of ischemic stroke,
white-matter disease or microbleeds, and cognitive impairment [3,4].
Our histological study based on 32 adult autopsy cases classified IAC as
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intimal or medial calcification according to its specific location in the
vessel wall and demonstrated that intimal calcification was more closely
associated with ICAS in our subsequent multimodal imaging-based
comparison study [5-7]. Moreover, differences between intimal and
medial calcification in some specific diseases may reflect risk factors and
mechanisms behind their development.

Kidney dysfunction affects 13% of the population worldwide and up
to 35% of individuals aged 70 years or older [3,8]. Kidney dysfunction is
correlated with coronary artery calcification (CAC) but the association
of impaired kidney function with IAC is less studied [9]. In coronary
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artery disease studies, a different distribution of intimal calcification
and medial calcification was found in case of renal impairment in both
animal studies and clinical trials, suggesting the unique mechanism of
renal impairment in their development [10-12]. However, to the best of
our knowledge, there are no clinical studies to explore the relationship
between kidney dysfunction and IAC types. More importantly, consid-
ering that calcification in different vascular layers may lead to different
clinical outcomes, understanding the relationship between renal
impairment and IAC patterns may help optimize cerebrovascular disease
prevention and therapeutics.

In this hospital-based study, we aimed to investigate the correlation
between kidney dysfunction and intimal or medial calcification, which
will provide useful information to explain the underlying mechanism
accounting for two different patterns of IAC.

2. Patients and methods
2.1. Study participants

This study included consecutive hospitalized patients who under-
went brain CT scans and were admitted to the Department of Neurology,
The Second Affiliated Hospital of Guangzhou Medical University, be-
tween January 1, 2021, and March 1, 2022. Inclusion criteria were as
follow: (1) age >18 years; (2) having performed brain CT with 0.625-
mm slice thickness as measurement of calcification; and (3) estimating
estimated glomerular filtration rate (eGFR) using modified glomerular
filtration rate estimating equation. The exclusion criteria were: (1) poor
CT imaging quality; (2) insufficient clinical data for analysis.

This study was approved by the clinical ethics committees of the
participating hospital. The following clinical information was obtained
from the electronic medical records of the patients: age; sex; diagnosis;
total cholesterol [TC], low-density lipoprotein-cholesterol [LDL-C],
high-density lipoprotein-cholesterol [HDL-C], triglyceride [TG], hemo-
globin Alc [HbAlc], homocysteine, eGFR; past medical history; medi-
cation history. Hypertension was defined as systolic blood pressure
>140 mmHg or diastolic pressure >90 mmHg or history of hyperten-
sion. Diabetes mellitus (DM) was determined using a 75 g oral glucose
tolerance test, or as HbAlc > 6.0%, or medical history of diabetes.

2.2. Image acquisition

CT imaging was performed using a 64-row multidetector scanner
without contrast administration. All CT exams (120 kVp, 170 mAs, 1-sec
rotation time) were acquired in axial mode with tilting along the
occipito-meatal line, covering the region from skull base to vertex. For
detection of subtle or thin calcifications, only CT exams with 0.625-mm
slice thickness were included.

2.3. IAC assessment

Reconstructed CT images were independently evaluated by two

Atherosclerosis 363 (2022) 42-47

readers (JR. C. and XL. L.) with at least two years of experience in CT
image interpretation, who were blinded to clinical information of the
patients. The presence of IAC was assessed using visual grading method.
Seven main intracranial arteries (bilateral internal carotid artery [ICA]
C2-C7 segments, bilateral middle cerebral artery [MCA], bilateral
vertebral artery [VA] V4 segments, and basilar artery [BA]) were
assessed. The presence of IAC was defined as the hyperdense artery sign
considered with a density of more than 130 Hounsfield units. As pre-
viously described [13,14], the severity of IAC was evaluated by grading
values (extent and thickness) for each cerebral artery, and a highest
composite CT score of 0-2, 3-5 and 6-8 was classified as mild, moderate,
and severe IAC, respectively. The vessel with the highest score was used
for the final score (Fig. 1).

IAC patterns were classified according to a previous calcification
scoring method [6,15]. The morphological patterns of calcifications
were scored as follows (Fig. 2): calcification circularity: absent (0 point);
dots (1 point); <90° (2 points); 90-270° (3 points); 270-360° (4 points).
Calcification thickness: thick >1.5 mm (1 point); thin <1.5 mm (3
points). Calcification morphology: indistinguishable (0 point); irregu-
lar/patchy (1 point); continuous (4 points). The sum of the calcification
scores was used to classify intimal (1-6 points) and medial calcifications
(7-11 points). For the patients with several calcifications, we counted
the number of calcifications in each patient as well as comparing which
pattern of calcification had a higher proportion. Thus, all patients were
divided into two groups: patients with predominant medial calcifica-
tions and patients with predominant intimal calcifications.

2.4. Kidney function

Serum levels of creatinine were measured at admission. The eGFR
was assessed by calculating serum creatinine (sCr) concentrations using
the modified glomerular filtration rate estimating equation for Chinese
subjects: eGFR (ml/min/1.73 mz) =175 x (sCr)1.234 x (age) 0.179
(0.79 if female). eGFR >90 ml/min/1.73 m? would indicate normal
kidney function, eGFR 60-90 ml/min/1.73 m? mildly reduced kidney
function and eGFR <60 ml/min/1.73 m? as decreased eGFR.

2.5. Statistical analysis

Baseline demographics, clinical characteristics and laboratory find-
ings were compared between the three eGFR groups. Continuous vari-
ables were presented as mean and standard deviation (SD), and
categorical variables were presented as numbers and percentages.
Characteristics of participants were compared according to the severity
of renal function using the chi-squared test for categorical data.
Continuous variables were compared across groups using the Kruskal-
Wallis test.

Logistic regression analysis was used to determine the association of
eGFR with degree and patterns of IAC, adjusting for age and sex (model
1), body mass index (BMI), smoking status, alcohol use, SBP and DBP
(model 2), and history of coronary artery disease (CAD), history of

C

Fig. 1. Examples of IAC scores on CT image.

According to Babiarz’s visual grading scales, IAC were graded as follows. (A) 1 point for extent and 1 point for thickness (mild). (B) 2 points for extent and 2 points for

thickness (moderate). (C) 4 points for extent and 2 points for thickness (severe).
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Fig. 2. Examples of calcification score for categorizing ICA calcification patterns.
(A) 1 point for circularity, 3 points for thickness and 1 point for morphology (intimal calcification). (B) 4 points for circularity, 3 points for thickness and 4 points for

morphology (medial calcification).

Table 1

Baseline characteristics in participants by baseline eGFR.
Characteristics eGFR >90 (n = 205) eGFR 60 to 89 (n = 210) eGFR <60 (n = 101) p value
Age, years 64.33 + 10.28 69.40 + 10.72 74.73 £10.08 <0.001
Male, n (%) 102 (49.76) 119 (56.67) 48 (47.52) 0.118
Current smoking, n (%) 35 (17.07) 31 (14.76) 17 (16.83) 0.806
Current drinking, n (%) 12 (5.86) 13 (6.19) 9(8.91) 0.574
SBP, mmHg 141.65 + 21.87 143.20 + 20.12 149.03 + 20.14 0.012
DBP, mmHg 86.02 + 12.64 85.10 £ 11.70 83.82 +£10.50 0.505
BMI, kg/m2 23.73 + 3.47 23.49 + 3.06 23.70 + 3.03 0.853
Blood test, mean (SD)
TCH, mmol/L 4.25 +£1.01 4.40 £ 1.06 4.21 +£1.07 0.277
HDL-C, mmol/L 1.16 + 0.30 1.12+0.28 1.05 +0.28 0.009
LDL-C, mmol/L 2.61 +0.92 2.75+0.91 2.57 £0.93 0.167
TG, mmol/L 1.27 £0.78 1.40 £0.77 1.38 £ 0.64 0.038
HbAlc, (%) 6.14 £1.38 6.10 £ 1.30 6.35 +1.25 0.005
Hcy, umol/L 10.49 + 2.74 11.20 + 3.41 14.10 + 5.25 <0.001
eGFR, ml/min/1.73 m? 106.65 + 15.91 77.86 £ 7.67 46.92 +£12.29 <0.001
Medical history, n (%)
Hypertension, n (%) 113 (55.12) 125 (59.52) 84 (83.17) <0.001
Diabetes, n (%) 41 (20) 39 (18.57) 43 (42.57) <0.001
Ischemic stroke, n (%) 22 (10.73) 21 (10) 16 (15.84) 0.275
Any CAD, n (%) 14 (6.83) 30 (14.29) 24 (23.76) <0.001
Medications, n (%)
Antihypertensives, n (%) 96 (46.83) 101 (48.10) 75 (74.26) <0.001
Antidiabetics, n (%) 36 (17.56) 33 (15.71) 37 (36.63) <0.001
Antiplatelets, n (%) 17 (8.29) 21 (10) 17 (16.83) 0.069
Statins, n (%) 12 (5.85) 11 (5.24) 13 (12.87) 0.034

Categorical variables are shown as number (percentage); continuous variables as mean =+ standard deviation.
SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; TCH, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein; LDL, low-
density lipoprotein; HbAlc, glycated hemoglobin; Hey, homocysteine; eGFR, estimated glomerular filtration rate; CAD, coronary artery disease.

stroke, history of hypertension, history of diabetes, TG, TC, LDL, HDL,
HbAlc, Hcy, and the use of antihypertensives medication, hypertension
medication, antiplatelets medication and statins medication (model 3).
A two-sided p value < 0.05 indicated statistical significance. Statistical
analyses were performed using the SPSS software version 26 (IBM,
Chicago, Illinois, USA).

3. Results
3.1. Participants

A total of 541 patients with thin-slice CT scans and renal function
tests were initially included in this study. After excluding 20 patients
with image artifacts on CT and 5 patients with insufficient clinical data,
516 patients were included.

Baseline characteristics of the participants are shown in Table 1. The
mean age was 68.4 + 11.1 years, and 269 (52.1%) patients were male.
The mean value of eGFR was 83.24 ml/min/1.73 m? (SD, 25.34) and
101 (19.57%) had a value < 60 ml/min/1.73 m2. Compared with the
normal kidney function group, participants with lower eGFR were older,
tended to have higher SBP, TG, HbAlc, and Hcy levels, and more
frequently to have hypertension, diabetes, and a history of antihyper-
tensive and hypoglycemic medications.

44

Participant characteristics by IAC patterns are shown in Table 2. For
the 440 participants with calcification, 189 (42.95%) showed predom-
inantly intimal IAC patterns and 251 (57.05%) showed predominantly
medial patterns of calcification. Compared to the intimal IAC group,
patients with medial IAC were older, had higher SBP, HbAlc and Hcy
levels, and lower level of eGFR.

3.2. Kidney function and IAC scores

Mean IAC scores were higher in the mildly reduced eGFR group and
decreased eGFR group compared with the normal kidney function group
(5.30 vs. 2.82; 3.88 vs. 2.82, p < 0.001) (Fig. 3). eGFR <60 ml/min/
1.73 m? was associated with IAC scores in univariate logistic regression
(OR 2.70, 95% CI 2.18-3.33; p < 0.001). In multivariate analyses
(Table 3), eGFR <60 ml/min/1.73 m? remained independently associ-
ated with the IAC scores in all three models (OR, 2.43; 95% CI,
1.93-3.207; p < 0.001 in model 1; OR, 2.48; 95% CI, 1.92-3.19; p <
0.001 in model 2; OR, 2.01; 95% CI, 1.50-2.71; p < 0.001 in model 3).

3.3. Kidney function and IAC patterns

As seen in Fig. 3, medial calcification was more prevalent in the
lower eGFR group (eGFR <60 ml/min/1.73 m?) than the other two
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Table 2

Baseline characteristics in participants by calcification patterns.
Characteristics Medial (n = 251) Intimal (n = 189) p value
Age, years 73.36 + 9.54 66.70 + 9.87 <0.001
Male, n (%) 133 (53.2) 102 (53.97) 0.873
Current smoking, n (%) 34 (13.55) 36 (19.05 0.118
Current drinking, n (%) 13 (5.17) 15 (7.98) 0.235
SBP, mmHg 147.98 + 21.85 141.19 £ 19.09 0.001
DBP, mmHg 85.36 + 11.99 84.77 £ 11.35 0.705
BMI, kg/m2 23.49 + 3.25 23.76 + 3.14 0.343
Blood test, mean (SD)
TCH, mmol/L 4.24 +£1.03 4.35 + 1.06 0.402
HDL-C, mmol/L 1.10 + 0.28 1.13 +£0.27 0.282
LDL-C, mmol/L 2.62 £0.88 2.68 £ 0.96 0.504
TG, mmol/L 1.37 £0.71 1.38 +£0.87 0.500
HbAlc, (%) 6.30 £ 1.42 6.13 £1.29 0.02
Hcy, umol/L 12.27 + 4.44 10.89 + 3.12 0.003
eGFR, ml/min/1.73 m? 76.06 + 25.66 88.62 + 21.94 <0.001
Medical history, n (%)
Hypertension, n (%) 186 (74.10) 108 (57.14) <0.001
Diabetes, n (%) 72 (28.69) 42 (22.22) 0.126
Ischemic stroke, n (%) 32 (12.75) 19 (10.05) 0.374
Any CAD, n (%) 41 (16.33) 19 (10.05) 0.057
Medications %
Antihypertensives, n (%) 156 (62.15) 93 (49.21) 0.007
Antidiabetics, n (%) 59 (23.51) 39 (20.63) 0.474
Antiplatelets, n (%) 31 (12.35) 15 (7.94) 0.134
Statins, n (%) 17 (6.77) 11 (5.82) 0.685

Categorical variables are shown as number (percentage); continuous variables as mean =+ standard deviation.
SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; TCH, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein; LDL, low-
density lipoprotein; HbAlc, glycated hemoglobin; Hcy, homocysteine; eGFR, estimated glomerular filtration rate; CAD, coronary artery disease.

groups with eGFR 60 to 89 and eGFR >90 ml/min/1.73 m? (78.72% vs.
53.65%, p < 0.001; 78.72% vs. 47.78%, p < 0.001). No significant
difference in the frequency of medial calcification was found between
eGFR 60 to 89 and eGFR >90 ml/min/1.73 m> (p > 0.05). Multivariate
regression analyses (Table 4) demonstrated lower eGFR level was
associated with higher prevalence of medial calcification in all three
models (OR, 3.47; 95% CI, 1.92-6.28; p < 0.001 in model 1; OR, 3.52;
95% CI, 1.85-6.71; p < 0.001 in model 2; OR, 2.75; 95% CI, 1.36-5.53;
p < 0.001 in model 3).

4. Discussion

In this study, we examined whether kidney function evaluated by
eGFR was associated with the degrees and patterns of IAC. The results
obtained showed that a lower eGFR was associated with higher degrees
of calcification in the intracranial arteries after adjusting for de-
mographic and cardiovascular risk factors. Compared to participants
with normal kidney function and mildly reduced eGFR, patients with
lower eGFR below 60 ml/min/1.73 m? had greater medial calcification
in intracranial larger arteries.

Renal impairment has been reported to be related to arterial calci-
fication in different populations. In a clinical study of 38 renal dialysis
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ml/min/1.73 m?

>90

47

53

[

60-89

53

47

<60

78

22

Calcification scores, mean (SD)
S
1

0%

20% 40%

Medial calcification

60% 80%

m Intimal calcification

100%

A: There were significant differences in proportion of medial calcification
between eGFR <60 and other two groups with eGFR 60-89 or >90
ml/min/1.73m?2 (p <0.05). B: There were significant differences of calcification
scores between three groups (p <0.001).

290 60-89 <60
Baseline eGFR values, ml/min/1.73m"2

I eGFR >90 ml/min/1.73 m?
B <GFR 60-89 ml/min/1.73 m?
B <GFR < 60 ml/min/1.73 m?

Fig. 3. The degree and pattern of IAC in participants by baseline eGFR.
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Table 3
Multiple analysis of eGFR and IAC scores.
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eGFR Unadjusted OR (95% CI) Model 1 OR (95% CI) Model 2 OR (95% CI) Model 3 OR (95% CI)

eGFR >90 Ref. Ref. Ref. Ref.

eGFR 60 to 89 1.37 (1.22, 1.53)? 1.27 (1.07, 1.44) 1.32 (1.14, 1.52)* 1.34 (1.13, 1.59)

eGFR <60 2.70 (2.18, 3.30)* 2.43 (1.93, 3.07)* 2.48 (1.92, 3.19)* 2.01 (1.50, 2.71)?
ap < 0.001.

Model 1: adjusted for age and sex.

Model 2: further adjusted for body mass index (BMI), smoking status, alcohol use, SBP and DBP.
Model 3: further adjusted for CAD, history of stroke, history of hypertension, history of diabetes, TG, TC, LDL, HDL, HbAlc, Hcy, and the use of antihypertensives
medication, hypertension medication, antiplatelets medication and statins medication.

Table 4
Multiple analysis of eGFR and medial calcification.

eGFR Unadjusted OR (95% CI) Model 1 OR (95% CI) Model 2 OR (95% CI) Model 3 OR (95% CI)

eGFR >90 Ref. Ref. Ref. Ref.

eGFR 60 to 89 1.61 (1.09, 2.38)? 1.14 (0.75, 1.76) 1.27 (0.80, 2.02) 1.21 (0.74, 1.97)

eGFR <60 5.56 (3.24, 9.54)* 3.15 (1.76, 5.61)? 3.17 (1.69, 5.95)* 2.45 (1.23, 4.85)?
ap < 0.05.

Model 1: adjusted for age and sex.

Model 2: further adjusted for body mass index (BMI), smoking status, alcohol use, SBP and DBP.
Model 3: further adjusted for CAD, history of stroke, history of hypertension, history of diabetes, TG, TC, LDL, HDL, HbAlc, Hcy, and the use of antihypertensives
medication, hypertension medication, antiplatelets medication and statins medication.

patients, the prevalence of vascular calcification increased from 39% at
initiation to 92% during a mean follow-up of 16 years [16]. Similarly,
Sedaghat et al. found that a lower eGFR was associated with higher
volumes of calcification in different vascular beds among
community-dwelling individuals aged 45 or above [9]. However, the
effect estimates attenuated after adjusting for traditional cardiovascular
risk factors. In the present study, based on hospitalized patients, lower
eGFR was found to be prominently associated with the degree of IAC
after adjusting for traditional risk factors, showing that arterial calcifi-
cation does not only occur in specific types of blood vessels, but is a more
systemic phenomenon.

Although the underlying mechanisms of decreased renal function on
IAC are not fully understood, previous studies have suggested a specific
contribution to the development of arterial calcification in patients with
impaired renal function. Emerging evidence shows that nontraditional
risk factors, including uremic toxins, CKD-mineral and bone disease
(CKD-MBD), oxidative stress, and inflammation, may contribute to the
development of vascular calcification and cardiovascular disease in CKD
patients [17-20]. Moreover, vascular calcification is not only considered
a consequence of chronic kidney disease but may be a possible mecha-
nism in the pathogenesis of chronic kidney disease. Several recent
studies reported that renal function deteriorated more rapidly in sub-
jects with higher degrees of vascular calcification, suggesting that
arterial calcification might be associated with CKD progression, which
may be explained indirectly by arterial stiffness exposing the glomerular
capillaries to higher pulse pressure [21,22].

IAC in large intracranial arteries is found not only in the tunica in-
tima, but also in the tunica medial layers of arteries, which may differ
with respect to clinical risk factors and outcomes. In this study, we found
that IAC was dominated by medial calcification in 57% of patients. But
interestingly, when we classified calcification types by renal function,
medial calcification was predominantly detected (79.8%) in patients
with eGFR<60 ml/min/1.73 m? compared with subjects with normal
and mildly decreased kidney function, suggesting the deterioration of
renal function may be one of the key factors causing the differentiation
of calcification types. The relationship between decreased kidney
function and calcification types remains controversial [23,24]. A study
of patients with end-stage kidney disease found a high percentage of
medial calcification in the inferior epigastric artery. Similarly, in studies
of adolescents on dialysis without traditional risk factors, medial calci-
fication was found almost exclusively. However, several previous
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studies reported the coexistence of intimal and medial calcification [25],
which may be attributed to the fact that many traditional atherosclerotic
risk factors are more likely to be present in adult CKD patients.

Decreased renal function is theoretically more likely to lead to
medial calcification rather than intimal calcification, and the possible
mechanisms are as follows: first, disturbances in calcium and phosphate
metabolism due to decreased kidney function trigger abnormal mineral
deposition on the medial layer of the arterial wall [26,27]. Second,
previous studies showed medial calcification to be paralleled by signif-
icant higher in situ expression of proinflammatory markers, suggesting
media calcification may be associated with local inflammation of the
vascular wall [28,29]. Third, the kidney is one of the main sources of
antioxidant enzymes, and increased oxidative stress in response to
decreased renal function may further lead to medial vascular calcifica-
tion [30].

In the present study, we found a high prevalence of medial calcifi-
cation among asymptomatic patients with eGFR <60 ml/min/1.73 m?,
suggesting medial calcification may begin at the early stage of kidney
disease. Based on pathological studies [5,6,31], intimal arterial calcifi-
cation existed in advanced stage of atherosclerotic plaques and could be
used as a marker of atherosclerosis. However, although medial calcifi-
cation does not generally lead to atherosclerosis, given that cerebral
artery stiffness caused by medial calcification was strongly associated
with future cerebrovascular disease events and collateral vessel forma-
tion, a comprehensive treatment strategy for patients with early renal
impairment is needed to reduce the risk of future cerebrovascular
events.

Compared to those with traditional cardiovascular risk factors such
as hypertension or diabetes, the prevalence of IAC among patients with
early renal impairment has been less studied. Understanding the con-
nections between renal function and IAC patterns may arouse the cli-
nicians’ and researchers’ interests and attention to the occurrence of
cerebral artery calcification among patients with early renal impair-
ment. Secondly, our previous studies, together with this study, demon-
strated that intimal and medial calcification are two distinct entities in
the risk factors and clinical correlations with arterial stiffness or
atherosclerosis. Compared to intimal calcification as an indicator of
atherosclerosis, medial calcification is more associated with calcium and
phosphate homeostasis and loss of inhibition and matrix vesicles [32,
33]. Therefore, considering the possible etiology of medial calcification
and its close relationship with renal dysfunction, timely intervention of
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early renal dysfunction to adjust calcium and phosphate metabolism
could be effective in preventing medial calcification. According to the
updated literature, early physical exercise is helpful in moderating
vessel flexibility. We plan to conduct a follow-up study to investigate the
role of blood biomarkers in earlier detection and prediction of IAC in
patients with early renal impairment. In the long run, we will investigate
the effects of interventional rehabilitations in preventing arterial stiff-
ness caused by medial calcification.

There are several limitations to our study. First, direct causal re-
lationships cannot be established, further longitudinal cohort studies
could help identify the potential effect of impaired kidney function on
the progression of IAC. Second, given the relatively preserved kidney
function of the population included in this study, it is difficult to further
classify those with eGFR <60 ml/min/1.73 m2 Third, despite adjust-
ment for some main potential confounders in analysis, serum phos-
phorus and calcium levels were not considered in this analysis. Serum
phosphorus and serum calcium have been found to be associated with
the risk of subclinical atherosclerosis in both the general population and
CKD patients. Future studies are needed to investigate the role of cal-
cium and phosphorus levels in the development of IAC. Lastly, a body of
evidence has suggested that vitamin K status is associated with arterial
calcifications, particularly in patients with end-stage renal disease
(ESRD) [34,35]. Considering relatively early and mild renal dysfunc-
tions in this cohort of patients, the effects of vitamin K status were not
investigated. Future studies are needed to clarify the relationship be-
tween vitamin K status and different patterns of IAC.

In conclusion, our findings demonstrated that impaired kidney
function was independently associated with a higher degree of calcifi-
cation in the intracranial arteries, especially medial calcification, which
reflects that different underlying mechanisms account for these two
types of arterial calcification commonly identified in cerebral arteries.
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