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Risk of Clinical and Subclinical Brain Damage in Kidney Disease

Toyoda K {ed): Brain, Stroke and Kidney.
Contrib Nephrol. Basel, Karger, 2013, vol 179, pp 1-7 (DO} 10.1159/000346720)

Carotid Atherosclerosis in Kidney
Disease

Yoshihiro Kokubo

Department of Preventive Cardiology, National Cerebral and Cardiovascular Disease, Suita, Japan

Abstract
Recently, chronic kidney disease (CKD) has become a major public health problem and a risk
factorfor all-cause mortality, cardiovascular disease (CVD). To prevent cardiovascular disease
as early as possible, subclinical studies for CKD are essential. Recently, carotid atherosclero-
sis has been evaluated by measurement of the intima-media thickness (IMT) of the carotid
artery wall, which is a good predictor of incidence of CVD. In this manuscript, | reviewed
subclinical studies on the relationship between the carotid atherosclerosis and kidney dys-
functioninageneral population. Cross-sectional studies for general populations have shown
an inverse association of carotid !‘MT with renal function. In one large cross-sectional study
in a US population, the cystatin C level had no independent association with carotid IMT.
However, in cross-sectional studies for outpatients, a significant association was observed
between the two in subjects with kidney dysfunction. The association between CKD and
carotid IMT tends to be weaker in apparently healthy populations than in patients. A higher
level of blood pressure decreases renal function, and a decreased GFR raises blood pressure.
In other words, increases in blood pressure and decreases of renal function exaterbate each
other. Therefore, an investigation of the incidence of CVD and subclinical analySes of both
renal dysfunction and blood pressure categories is called for. The impact of high-normal
blood pressure and hypertension on stenosis were more evident in subjects with CKD. Ca-
rotid atherosclerosis tended to be more severe in subjects with CKD and high b|00d pressure.
These findings pointed to the importance of early detection of subjects with decreased renal
function and the strict management of blood pressure in general populations.

d Copyr'ight©2013 S. Karger AG, Basel

Recently, in prospective follow-up studies for general‘populationys, chronic kid-
ney disease (CKD) has become a major public healthpréblem and a risk factor
for all-cause mortality, cardiovascular disease (CVD), and its subtypes such as
stroke and myocardial infarction (MI) [1]. In end-stage renal disease, the car-
diovascular disease mortality rate is more than 10 times as high as that in the

© . Karger AG, Busel PROOF Copy for personal use only
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general population [2]. Even at relatively high glomerular filtration rates (GFRs),
renal dysfunction is an independent risk factor for incident CVD [1, 3]. In alarge
population ksam‘ple from California (approximately 1.1 million people, mean age
52 years, 2.8 years of mean follow-up), compared with the estimated GFR (eGFR)
>60 ml/min/1.73 m? greﬁp, the adjusted hazard ratios (95% CI) of all-cause
‘mortality for eGFR = ranges of 45-59, 30-44, 15-29, and <15 ml/min/1.73 m?
were 1.2 (1.1-1.2), 1.8 (1.7-1.9), 3.2 (3.1-3.4), and 5.9 (5.4-6.5). In an urban
Japanese population sample, compared with the eGFR 290 ml/min/1.73 m?
group, the hazard ratios (95% Cls) for the incidence of CVD and stroke were 1.8
(1.2-2.5) and 1.9 (1.3-3.0) in the‘eGFR = 50-59 ml/min/1.73 m? group and 2.5
(1.6-3.9) and 2.2 (1.2-4.1) in the eGFR <50 ml/min/1.73 m? group, respectively.
In order to prevent cardlovascular disease as early as possible, subclinical
studies for CKD are essential. Recently, carotid atherosclerosis has been evalu-
ated by measurement of the intima-media thickness (IMT) of the carotid artery
wall, which is a geo'd‘pred‘icto’r of incidence of CVD [4]. It is important for per-
sons with cardiovascular risk factors to be evaluated for carotid atherosclerosis
before the onset of CVD. In this section, I would like to review subclinical stud-
ies on the association between carotrd atheroscler031s and kidney dysfunction in
a general populatron ‘ .

Kidney Dysfunction and Carotid Atherosclerosis

Table 1 shows a review of pubhshed articles on the association between kidney
dysfunction and carotid atherosclerosis in various general populations. Among
the three studies of Westerners, a cross- sectlonal study for Germany population
showed that carotid IMT was increased by 0.02 mm (95% confidence intervals;
0.02 to 0.03 mm) in the Ist quartlle, compared with the 4th quartile creatinine
clearance [5]. In a study from Finland, carotid IMT was observed to be inverse-
ly associated with estimated GER, although this study had a small sample size
[6]. However, in a relatively large US population, the cystatin C level had no in-
dependent association with carotid IMT. Due to the wide age ranges in the US
population, various cardiovascular risk factors are involved in carotid IMT. In
Caucasian populations, kidney dysfuncuon may be weak but stlll a 51gn1ﬁcant
risk factor for carotid atherosclerosis nonetheless. ‘ :

On the other hand, in Asian populations, CKD i increases the risk of carotid ath-
erosclerosis [7, 8]. A recent Japanese study hasexammed whether combinations of
CKD with blood pressure category were associated with carotid arteriosclerosis. In
hypertensive subjects, albuminuria and CKD were each associated with IMT (odds
ratios = 1.85 and 1.79; 95% Cls = 1.13-3.03 and 1.09-2.94; p = 0.015 and 0.022, re-

2 Kokubo
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Table 1. Review of the association between renal dysfunction and carotid atherosclerosis (general
population)

Population Number = Sex  Age,  Study Results : Journal
years  design

Caucasian : -
Germany 3,364 M/F =55 Cross- compared with the 4th quartile Am J Kidney Dis
sectional creatinine clearance, IMT was 2008;51:584-593
increased by 0.02 (0.02-0.03) in
the 1st quartile.
Finland 247 (M) M/F 40-62 cross- IMT is inverse associated with eGFR ~ Nephrol Dial Transplant
258 (F) sectional 2009;24:2767-2772
us 6,557 M/F  45.84 Cross- cystatin C level had no independent ~ Am J Kidney Dis
o - sectional association with carotid IMT 2009;53:389-398
Asian
China 1,046 MF 63+9 . Cross- IMT = 0.74+0.27 mm (eGFR >90), Am J Kidney Dis
sectional 0.82+0.30 (eGFR = 60-89), 2007;49:786-792
0.94:+0.38 (eGFR <60); p < 0.001
Japan 1,351 M 58+10  Cross- hypertension+CKD(+): HR = Hypertens Res
‘ sectional  1.79(1.09-2.94, p = 0.022); 2007;30:1035-1041

normotension+CKD(+): no association,
albuminuria+CKD(+)+IFG or DM:
increase risk of carotid early athero-
screrosis, albuminuria+CKD(+)+IFG

or DM: no association

IFG = Impaired fasting glucose; DM = diabetes mellitus; HR = hazard ratio.

spectively), but neither was associated with carotid IMT in subjects with normo-
tension. In addition, combination of albuminuria and CKD was significantly as-
sociated with IMT in subjects with impaired fasting glucose (fasting plasma glu-
cose levels >110 mg/dl or current use of antidiabetic medication), but not in those
without. In order to evaluate the association between CKD and IMT, other cardio-
vascular risk factors, that is blood pressure should be also considered.

Table 2 summarizes the previous puinShed articles on the association be-
tween kidney dysfunction and carotid atherosclerosis in patients. In Caucasian
outpatients, a significant association was observed in subjects with kidney dys-
function [9-12]. In Chinese predialysis patients, carotid IMT shows statistically
significant increases according to the stage of CKD [13]. Overall, the association
between CKD and carotid IMT tend to be weaker in apparently healthy po’pulaé
tions than in patients. Therefore, to detect the association between kidney dys-
function and carotid atherosclerosis, present illnesses should be considered, es-
pecially cardiovascular disease, i.e., higher blood pressure. The total population-
attributable fractions of higher blood pressure for cardiovascular disease have
been estimated as approximately 50% in men and 30% in women [14].

Carotid Atherosclerosis in Kidney Disease 3
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Table 2. Review of the association between renal dysfunction and carotid atherosclerosis (outpatients)

Study

Population  Subjects ~ Number Sex Age, Results ~ Journal
e = ,*)“/éai"s,-f,"déSﬁignjf,“ S
Caucasian ;
UK cases, outpatients  cases/ MF 66 Cross- common carotid Am J Kidney Dis
plasma creatinine  control:  (55-71) sectional artery-IMT: cases, 2005;46:856-862
>1.4 mg/dl; 114/13 0.59+0.22 mm;
control, 13 healthy control, 0.44+0.08 mm;
normotensive o p=0.0012
France CKD/hypertension 273 MF 5815/ cross- IMT: no association; Kidney Int
/normotension 59+ 11/ sectional internal diastolic 2006;69:350-357
patients . 5616 diameter = 6.3+1.1/
e 5.8+0.7/5.5+0.6
S , (p < 0.001)
Australia chronicrenal 159:159  MF 6418:, - Case- 0.89+0.17 vs. Clin Exp
failure patients e _control 0.7340.13 mm, Pharmacol Physiol
: : L p<0.05 2000;27:639-641
Brazil outpatients 122 MF 55%11 “cross- IMT = 0.62+0.19 {(eGFR Nephron Clin
o sectional  <60) vs. 0.53+0.10 mm Pract 2010;115:
(eGFR >60); p = 0.030 c189-194
Asian ; ,
China predialysis CKD 227 MF 56+16 cross-  0.64+0.18 (CKD I-ll), Eur J Int Med
patients ~ sectional 0.74%0.25 (CKD IlI), 2012;23:539-544

.- 0.81+0.25 (CKD IV),
. 0.86+0.20 (CKD V), p < 0.01

IFG = Impaired fasting glucose; DM = di‘a‘b:étes mellitus; HR = hazard rafcip. :

Subclinical Organ Darhagg o

According to the 2007 European Society of Cardiology/European Society of Hy-
pertension (ESC/ESH) Guidelines for t‘hehiarkiagementy of arterial hypertension
[15] and the Japanese Society of Hypertension Guidelines for the Management
of Hypertension (JSH 2009) [16], the risk of CVD was Stratiﬁed by blood pres-
sure categories and cardiovasculaf risk factors. The strata of the 2007 ESC/ESH
Guideline consist of the first stratum‘(no risk factors), the second stratum (1-2
risk factors), the third stratum (3: (k)rmore riskfactors,‘metabolic syndrome, or
subclinical organ damage), and the fourth stratum. CKD is categorized in third
stratum as subclinical organ damage (the third stratum), based on slight increas-
es in plasma creatinine (men 1.3-1.5 mg/dl; women 1.2-1.4 mg/dl), microalbu-
minuria (30-300 mg), and low estimated glomerular filtration rate by the MDRD
formula (<60 ml/min/1.73 m?) or creatinine clearanQE'by the COckmft Gault
formula (<60 ml/min). According to the 2007 ESC/ESH Guideline, the blood
pressure category should be optimal blood pressure in order to prevent CVD
from contributing to subclinical kidney damage. ‘

4 Kokubo
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In an urban cohort, compared with optimal blood pressure subjects without
CKD, the normal blood pressure, high-normal blood pressure, and hypertensive
subjects without CKD showed increased risks of CVD, whereas the impact of
each blood pressure category on CVD was more evident in subjects with CKD,
especially in men (p foif interaction = 0.04) [3]. Results of stroke were similar (p
for interaction = 0.03 in men).

Recently, in a prospective cohort study, CKD in the high-normal blood pres-
sure category at the baseline survey has been a risk factor for incident hyperten-
sion (multivariable-adjusted hazard ratio = 1.41) [17]. In an urban population
cohort of Nagoya, Japan, the adjusted hazard ratio (95% CI) of incident hyper-
tension in the highest tertile of GFR (4.4-76.1 ml/min/1.73 m?) was 1.40 (1.26-
1.57) compared with the first tertile [18]. A reduction in GFR of 10 ml/min/1.73
m? was associated with an 11% increase in risk for incident hypertension. In
other studies, renal dysfunction has been associated with increased levels of in-
flammatory factors [19, 20], abnormal apolipoprotein levels [19], elevated plas-
ma homocysteine [19], enhanced coagulability [20], anemia, left ventricular hy-
pertrophy, increased arterial calcification, endothelial dysfunction and arterial
stiffness [21]. These factors may contribute to elevated blood pressure.

On the other hand, The Multiple Risk Factor Intervention Trial study, one of
the coronary heart disease preVention trials recommended to the National Heart
and Lung Institute in US, showed that elevations of blood pressure are a strong
independent risk factor for end-stage renal disease [22]. Compared with optimal
blood pressure, hypertension is a risk factor for end-stage renal disease, with
adjusted relative risks (95% Cls) for stages 1-4 hypertension of 3.1 (2.3-4.3), 6.0
(4.3-8.4), 11.2 (7.7-16.2) and 22.1 (14.2-34.3), respectively. A higher level of
blood pressure decreases renal function [22], and a decreased GER raises blood
pressure. In other words, increases in blood pressure and decreases of renal
function exacerbate each other. i ,

Recently, the Suita Study has shown that CKD is 1ndependen’dy associated
with carotid atherosclerosis, especially in GFR <50 ml/min/1.73 m> (0dds ratio
=1.91;95% CI = 1.16-3.14) in a general urban populatlon (1 6()2 men and 1,844
women) [23]. ; o

The impact of high-normal blood pressure and hypertensmn on stenosis
were more evident in subjects with CKD (high-normal blood pressure: odds ra-
tios (95% Cls) = 1.58 (1.08-2.31) and 2.74 (1.63-4.61); hypertension: odds ratios
=1.94 (1.36-2.77) and 2.36 (1.49-3.73) in non-CKD and CKD groups, respec-
tively). Carotid atherosclerosis tended to be more severe 1n sdbjects with CKD
and high blood pressure. This study suggests the importance of early detection
of subjects with decreased renal function and the strict management of blood
pressure in the general population. ‘

Carotid Atherosclerosis in Kidney Disease 5
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Conclusions

This review found that the association between renal function and carotid IMT
tends to be weaker in genéral populations than that in outpatients. Increases in
blood presSure and decreases of renal function exacerbate each other. A cross-
sectional study in an urban population has shown that the impact of high-nor-
mal blood pressure and hypertension on stenosis were more evident in subjects
with CKD. These findings stress the importance of early detection of subjects
with decreased renal function and the strict management of blood pressure in
general populations in order to prevent CVD in early stage. Additional studies
are required to assess whether lowermg of eGFR can actually increase the risk of
carotid atherosclerosm accordlng to blood pressure category in cohort study.
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