Table 2. Continued

b Europe
Agegroup  Incidence Lo iMortality o0 0 L
. men  women  total  men  women total
Dijon, France [10]
<34 years 0.00 0.01

35-44 years 0.08 0.02

45-54 years 0.27 0.00

55-64 years 0.27 0.33

65-74 years 1.50 1.03

75-84 years 3.04 2.18

85~ years 4.68 2.20

Total 0.39 0.33
Oxfordshire, UK[12]

<15 years 0.00 0.00 0.00

15-44 years 0.02 0.02 0.02

45-54 years 0.25 0.26 0.25

55-64 years 1.22 0.63 0.92

65-74 years 243 0.90 1.61

75-84 years 3.01 2.29 257

85-years 0.70 2.87 2.32

Total 0.39 0.31 0.35
Novosibirsk, Russia [13]

~ Incidence, 1987-1988  Incidence,1996-1997

_men  women  total  men  women total

<45 years 0.02 0.02 0.02 0.02 0.01 0.01
45-64 years 0.49 0.40 0.44 0.68 0.47 0.56
65-74 years 1.26 0.38 0.68 1.24 139 1.34
75~ years 0.34 0.56 0.51 2.27 1.74 1.85
Total 017 0.15 0.16 0.25 0.32 0.29

¢ America: Greater Cincinnati, Ohio [15]

- e ‘1 —

<35 years 0.01 - 0.02 0.03 -
35-44 years 0.05 - 0.16 0.13 -
45-54 years 0.85 - 1.30 030 -
55-64 years 1.55 - 2.06 249 -
65-74 years 4.68 - 3.38 3.30 -
75-84 years 7.5 - 6.13 6.47 -
85— years 7.19 - 15.60 8.47 -
Total 1.01 - 1.07 0.93 -
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in women (incidence ratio 1.3). However, in middle age, men were 2.6 times more
likely to suffer a TTA.

In Dijon, France, crude TTA incidence rates of 0.39 and 0.33 per 1,000 person-
years were revealed for men and women, respectively [7]. The mean age of first-ever
TIA was higher in women (71.8 years) than in men (70.4 years). CT scans were
performed in 97% of the cases. These incidence rates were similar to those of pre-
vious population-based studies, such as Belluno [5], Tartu [9], and Oxford [8].

The IBERICTUS study results published in 2006 (2,257 strokes and 443 TIAs in
patients aged >17 years) demonstrated that the incidence rates for the first TIA
were 2.02 and 1.73 per 1,000 person-years in men and women [10], respectively,
which are relatively higher than those in Japan. The IBERICTUS age-standardized
(to the European population) incidence rates of TIA were 0.30 and 0.27, and those
of all strokes (non-TIA) were 1.6 and 1.3 per 1,000 person-years in men and
women, respectively; those of ischemic stroke were 4 times that of TIA and ap-
proximately one quarter that of intracerebral hemorrhage [10]. In addition, the in-
hospital mortality rate of TIA patients was 0.11 and 0.12 per 1,000 person-years in
men and women, respectively. However, a limitation of this study was that it is
very difficult to detect TTA when there has only been a very short duration of TIA
symptoms.

The Greater Cincinnati/Northern Kentucky Stroke Study reported that the age-
adjusted rate was significantly lower for white women than for all other race/gender
groups [14]. The total incidences of TIA were 1.01 and 0.68 per 1,000 in white men
and women, and 1.07 and 0.93 in black men and women, respectively. The highest
incidence of TIA of any group was seen in the very elderly black men (15.6 events per
1,000 person-years). The incidence of TIA increased very markedly with age, regard-
less of race or gender.

Symptoms of Transient Ischemic Attack

The ARIC study of several US populations found that 46.6% of the patients experi-
enced at least one sudden-onset symptom of TIA, with 12.9% receiving a final diag-
nosis of TTA. The most common symptom among the TIA sudden-onset symptoms
was dizziness (35.9%), but only 1.2% of the patients with dizziness had a final diagno-
sis of TIA, for a prevalence of 0.4% in all patients [2].

The Risk Factors for Transient Ischemic Attack

The risk factors for TIA or stroke are the same as those for other vascular diseases,
similar to heart attack (coronary artery disease) or peripheral vascular disease, which
causes decreased blood flow to the legs. However, the evidence of risk factors for TIA
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Fig. 2. Risk factors and their odds ratios for ischemic stroke and TIA.

excluding ischemic strokes has been very limited. In a case-control study from Mayo
Clinic [16] odds ratios of strokes and TIA for various risk factors were calculated
(fig. 2). For both ischemic heart disease and hypertension, the odds ratios of ischemic
stroke were similar to those of TTA. Persistent and intermittent atrial fibrillations were
found to be risk factors for ischemic stroke, while persistent atrial fibrillation was a
risk factor only for TIA.

The Mayo Clinic data, which were collected over a 25-year period (1955-1979)
show that TIA is a risk factor not only for stroke but also for death, especially death
due to cardiovascular disease [16]. A 2010 meta-analysis revealed that there were no
significant differences in sleep disorder breathing prevalence by event type, timing
after stroke, or type of monitoring, although obstructive sleep apnea is very common
in patients with TIA and stroke [17].

The ABCD score was developed to predict individuals at high early risk of stroke
after TIA and to triage patients on the first presentation for medical attention [18].
The score is based on clinical characteristics detected at the time of first assessment
for the following variables: Age 260 years, Blood pressure 2140/90 mm Hg, Clini-
cal features of TTA (weakness and speech impairment), and Duration of symptoms
(260 or <60 min). This score was further validated and refined with the addition
of a point for diabetes (ABCD? score) [19]. Details are described in the chapter by
Wolf et al.
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Prognosis of Stroke Events after Onset of Transient Ischemic Attack

Several risk scores have been developed to help stratify short-term stroke risk in pa-
tients with TIA [20]. The California score predicts the risk of stroke within 90 days.
The ABCD score predicts the risk within 90 days and at 7 days, and the ABCD? score
predicts the risk at 90, 30, 7, and 2 days.

A 2007 systematic review for early stroke risk after the onset of TIA demonstrated
that the pooled stroke risks were 3.1 and 5.2% (95% Cl: 2.0-4.1 and 3.9-6.5) at 2 and
7 days, respectively [21]. The lowest and highest risks were observed in studies of
emergency treatment by stroke specialists (0.9%) and in population-based studies
without emergency medications (11%), respectively.

There are very few studies on the long-term prognosis after the onset of TIA. A
prospective study showed that the 10-year risks of stroke, myocardial infarction, and
cardiovascular disease (stroke, myocardial infarction, or vascular death) were 18.8%
(95% ClI: 13.6-23.7), 27.8% (95% CI: 21.8-33.3), and 42.8% (95% CI: 36.4-48.5), re-
spectively [22].

A review table shows prognosis stroke events after the onset of TIA according
to race/ethnic group by time course (table 3) [14, 15, 17, 23-33]. A large study in
Northern California noted that the 3-month stroke risk was 10.5% after the onset
of TTA [31]. The risk of stroke after TTA in Canada was 9.5% at 3 months, and 14.5%
at 1 year [26]. However, these studies were not performed with physician confirma-
tion.

For many years, population-based data in Rochester have shown temporal trends
in TIA incidence in the US [24]. However, black patients were only 1% of the Roch-
ester study population, compared with 15.2% for the Greater Cincinnati/Northern
Kentucky population mentioned earlier [14].

A meta-analysis of observational studies estimated the risk of stroke at 2, 30, and
90 days after TIA [34]. In that analysis, the pooled early risk of stroke was 3.5, 8.0, and
9.2% at 2, 30, and 90 days after TIA, respectively. This prognostic information is very
valuable to patients and health care providers.

In the general population, the crude rates of stroke risk (%) were 1.7, 4.8, 6.6, 8.5,
and 11.4 for 2 days, 1 week, 1 month, 3 and 6 months, respectively. In hospital pa-
tients, the rates were 13.7 and 12.4 for 1 and 3 months, respectively.

Family History

There is a very limited number of articles on the association between family history
of stroke and the incidence of stroke after TIA. The Oxfordshire Community Stroke
Project has shown that a family history of stroke does not predict the risk of ischemic
stroke after TIA (odds ratio, 0.87; 95% CI: 0.57-1.32) [35]. Thus, the current available
data show that the risk of ischemic stroke after TIA is not highly heritable.
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Table 3. Prognosis of stroke events after onset of TIA according to race/ethnic groups

- ; Total Stroke r‘isk, % - i ; . Yearand
 2days lweek Tmonth 2months 3months Gmonths 'éfereNce
General population
Europe
Rochester, Minn. 198 7.6 10.1 1973 [15]
Oxfordshire, UK 209 8.6 12.0 1990 [23]
2003 [24]
Southwest Germany 1,150 13.0 2004 [25]
America
Nueces County, Tex. 612 1.6 3.2 4.0 2010171
Alberta, Canada 2285 14 6.7 95 2004 [26]
Greater Cincinnati, Chio 927 24 39 6.9 7.8 8.6 9.5 2005 [14]
Crude averages 1.7 48 6.6 8.5 114
Hospital-based population
Europe
London, UK 234 29.0 1981 [27]
lowa City, lowa 74 6.8 1985 [28]
62 8.1 1985 [28]
Oxford, UK 209 120 2003 [24]
Oxfordshire, UK 87 115 17.3 2004 [29]
Northern Portugal 141 99 17.7 2006 [30]
America
Northern California 1,707 10.5 2000 [31]
Ontario, Canada’ 265 6.0 2004 [32]
NASCET 603 20.1 2004 [33]
Crude averages 137 124

1 Six days, 16.2% for recurrent TIA.

Diurnal and Seasonal Variations in Stroke and Transient Ischemic Attack
Incidence

A seasonal variation in stroke incidence has been reported; increases in the stroke in-
cidence, mortality, and the hospitalization of stroke patients during the winter season
and a decrease during the warmer or summer seasons in the US [36] and Japan [37].
The Framingham Heart Study revealed that stroke events occurred significantly more
often on Mondays than any other days, particularly for working men, and that during
the day strokes occurred more frequently between 8 am and noon [36]. The Hisayama
Study described a significant seasonality in the incidence of stroke subtypes (except
for subarachnoid hemorrhage). In addition, the incidences of intracerebral hemor-
rhage and cerebral infarction were negatively associated with mean ambient temper-
ature [37]. Karagiannis et al. [38] studying over 8,000 patients in a 10-year study in
Greece, found that there was a significant seasonal variation for ischemic strokes with
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the average of 8.4% above peak incidence in spring and the average 10.4% below the
lowest rate in summer.

The evidence for seasonal variations in TIA incidence is limited, in contrast to the
many significant associations between stroke and seasonal variables. Manfredini et
al. [39] showed that TIAs were most frequent in autumn and winter (the highest
number of cases was in October), less common in spring and summer (the lowest
number of cases was in February), and most frequent on Monday (all p values
<0.0001). A large Hungarian registration study (n = 12,556) between 2005 and 2007
revealed that the peak period of TIA incidence was during spring (in May and April
for men and women, respectively), whereas lowest number of events occurred in
December for both sexes (p < 0.001), and that the highest morbidity from TIA oc-
curred on Mondays for men and women [40]. There was no significant seasonal
variation in the occurrence of intracerebral hemorrhage, subarachnoid hemorrhage,
or TIA in northern Greece [38]. In a large stroke registry study in Japan (n = 12,660
patients), no seasonal difference was observed in stroke patients with a past history
of stroke/TIA [41].
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Abstract
Recently, chronic kidney disease (CKD) has become a major public health problem and a risk
factor forall-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 IMT 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 exacerbate 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 blood 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.

Copyright © 2013 S. Karger AG, Basel

Recently, in prospective follow-up studies for general populations, chronic kid-
ney disease (CKD) has become a major public health problem 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
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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 a large
population sample 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? group, 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 cardiovascular 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 good predictor 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 carotid atherosclerosis and kidney dysfunction in
a general population.

Kidney Dysfunction and Carotid Atherosclerosis

Table 1 shows a review of published articles on the association between kidney
dysfunction and carotid atherosclerosis in various general populations. Among
the three studies of Westerners, a cross-sectional 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 1st quartile, compared with the 4th quartile creatinine
clearance [5]. In a study from Finland, carotid IMT was observed to be inverse-
ly associated with estimated GFR, 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 dysfunction may be weak but still a significant
risk factor for carotid atherosclerosis nonetheless.

On the other hand, in Asian populations, CKD increases the risk of carotid ath-
erosclerosis [7, 8]. A recent Japanese study has examined 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-
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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
e ~ years design o o
Caucasian
Germany 3,364 M/F =255 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
sectional association with carotid IMT 2009;53:389-398
Asian
China 1,046 MF 639  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 2110 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 published 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 popula-
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].
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Table 2. Review of the association between renal dysfunction and carotid atherosclerosis (outpatients)

Population  Subjects ‘Number  Sex  Age, Study . Results Journal
years - design
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 p=0.0012
France CKD/hypertension 273 MF  58+15/ cross- IMT: no association; Kidney Int
/normotension 59+ 11/ sectional internal diastolic 2006;69:350-357
patients 566 diameter = 6.3+1.1/
5.8+0.7/5.5+0.6
(p < 0.001)
Australia chronic renal 159:159 MF 6418 case- 0.89+0.17 vs. Clin Exp
failure patients control 0.734£0.13 mm, Pharmacol Physiol
p <0.05 2000;27:639-641
Brazil outpatients 122 MF  55+11  cross- IMT = 0.62+0.19 (eGFR Nephron Clin
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 1), Eur J Int Med
patients sectional  0.74+0.25 (CKD I}, 2012;23:539-544

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

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

Subclinical Organ Damage

According to the 2007 European Society of Cardiology/European Society of Hy-
pertension (ESC/ESH) Guidelines for the management 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 cardiovascular 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 or more risk factors, 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 clearance by the Cockroft 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.
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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 for 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
pressure category at the baseline survey has been a risk factor for incident hy-
pertension (multivariable-adjusted hazard ratio = 1.41) [17]. In an urban pop-
ulation cohort of Nagoya, Japan, the adjusted hazard ratio (95% CI) of incident
hypertension 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 hyperten-
sion. In other studies, renal dysfunction has been associated with increased
levels of inflammatory factors [19, 20], abnormal apolipoprotein levels [19],
elevated plasma homocysteine [19], enhanced coagulability [20], anemia, left
ventricular hypertrophy, increased arterial calcification, endothelial dysfunc-
tion 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 GFR raises blood
pressure. In other words, increases in blood pressure and decreases of renal
function exacerbate each other.

Recently, the Suita Study has shown that CKD is independently associated
with carotid atherosclerosis, especially in GFR <50 ml/min/1.73 m? (odds ratio
=1.91;95% CI = 1.16-3.14) in a general urban population (1,602 men and 1,844
women) [23]. The impact of high-normal blood pressure and hypertension on
stenosis were more evident in subjects with CKD (high-normal blood pressure:
odds ratios (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, respectively). Carotid atherosclerosis tended to be more severe in sub-
jects with CKD and high blood pressure. This study suggests the importance of
early detection of subjects with decreased renal function and the strict manage-
ment of blood pressure in the general population.
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Conclusions

This review found that the association between renal function and carotid IMT
tends to be weaker in general 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 lowering of eGFR can actually increase the risk of
carotid atherosclerosis according to blood pressure category in cohort study.
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Brief Report

Impact of Chronic Kidney Disease on Carotid
Atherosclerosis According to Blood Pressure Category
The Suita Study
Tomoyuki Ohara, MD; Yoshihiro Kokubo, MD; Kazunori Toyoda, MD;

Makoto Watanabe, MD; Masatoshi Koga, MD; Satoko Nakamura, MD;

Kazuyuki Nagatsuka, MD; Kazuo Minematsu, MD; Masanori Nakagawa, MD;
Yoshihiro Miyamoto, MD

Background and Purpose—We aimed to clarify the association of chronic kidney disease (CKD) with carotid atherosclerosis
and the impact of CKD on carotid atherosclerosis according to blood pressure categories in an urban general population.

Methods—We studied 3466 Japanese individuals (35-93 years old) in the Suita Study. Carotid atherosclerosis was expressed
as the maximum carotid intima-media thickness and the presence of stenosis (>25%). The estimated glomerular filtration
rate was calculated using the equations recommended by the Japanese Society of Nephrology. CKD was defined as
estimated glomerular filtration rate <60 mL/min per 1.73 m* Blood pressure categories were defined by the European
Society of Hypertension and European Society of Cardiology 2007 criteria.

Results—The multivariable-adjusted maximum carotid intima-media thickness and odds ratio for stenosis in subjects with
estimated glomerular filtration rate <50 mL/min per 1.73 m* were greater than those in subjects with estimated glomerular
filtration rate 290 mL/min per 1.73 m? When subjects were stratified according to blood pressure categories, the
multivariable-adjusted maximum carotid intima-media thickness was significantly greater in CKD subjects than in non-

CKD subjects only in subjects with hypertension. Similarly, the impact of CKD on stenosis

Concluszons—ln a general populatlon the association of CKD with carotld atheroscl
independently associated with carotid atherosclerosis in subjects with hypertension. (Stroke. 2013 44 00 00.)

renal dysfunction, with an estimated glomerular filtration rate
(eGFR) of 50 to 59 mL/min per 1.73 m?, results in an increased
risk of cardiovascular disease in an urban general population.?

One possible explanation for the association of CKD with
cardiovascular disease is that CKD-related nontraditional risk
factors accelerate atherosclerosis independent of traditional
vascular risk factors.”> However, there is controversy as to
whether CKD is independently associated with carotid intima-
media thickness (IMT).* This may be because the impact of
CKD, especially mild kidney disease, on carotid atheroscle-
rosis is somewhat limited. CKD seems to increase the risk

s evident only in subjects

are present.’ We hypothesized that the
ffers according to
the presence of concomitant cardiovascular risk factors. Thus,
we aimed to clarify the association of CKD with carotid ath-
erosclerosis and the impact of CKD on carotid atherosclerosis
according to blood pressure (BP) categories in an urban gen-
eral population.

lucose metabolis

Patients and Methods
We sequentially enrolled 3,446 individuals (1,844 women and 1,602
men, 35-93 years old [62+11 years]) who underwent regular health
checkups and carotid ultrasonography between April 2002 and March
2004 from the participants in the Suita Study, an epidemiological
study of cerebrovascular and cardiovascular diseases. Each index of
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2 Stroke December 2013
Table 1. Adjusted Max-IMT According to eGFR Category
eGFR, mL/min per 1.73 m? PValue for
>90 60-89 50-59 <50 Trend
Men 236 1106 174 86
Age adjusted 1.44+0.04 1.47+0.02 1.52+0.05 1.64+0.07* 0.078
Multivariable adjusted 1.43+0.04 1.48+0.02 1.51+0.05 1.63+0.07* 0.134
Women 436 1214 137 57
Age adjusted 1.21+0.02 1.20=0.01 1.22+0.03 1.38+0.05t 0.014
Multivariable adjusted 1.21+0.02 1.20+0.01 1.21+0.03 1.34+0.05* 0.079

Means+SD (mm). eGFR indicates estimated glomerular filtration rate; and max-IMT, maximum carotid intima-media thickness.

*P<0.05 and 1P<0.01 vs eGFR=90.

carotid atherosclerosis was defined as follows. Max-IMT was defined
as the maximum IMT in the entire scanned area. Stenosis was de-
fined as the presence of a stenotic area 225% on a cross-sectional
scan. The eGFR was calculated using equations recommended by the
Japanese Society of Nephrology.® The subjects were categorized into
4 groups (eGFR 290, 60-89, 50-59, and <50 mL/min per 1.73 m?
as in our previous study.? CKD was defined as an eGFR <60 mL/min
per 1.73 m?. BP categories (optimal, normal, high-normal BP, and
hypertension) were based on the European Society of Hypertension
and European Society of Cardiology 2007 criteria.” The association
of eGFR category with carotid atherosclerosis and the association of
CKD with carotid atherosclerosis according to BP categories were
examined using analysis of covariance and logistic regression analy-
sis, after adjusting for cardiovascular risk factors as covariates (see
Methods in the online-only Data Supplement).

Results
CKD was identified in 16.2%
eGFR<50: 5.3%) of men and in 10.5

(eGFR=50-59: 10.9%;
74%, 3.1%) of

different from th
2). Consequently.
the whole CKD sample were not 31gn1ﬁcantly greater than
those in the eGFR=90 group.

When subjects were stratified according to BP categories,
the multivariable-adjusted max-IMT in the hypertension cat-
egory was significantly greater in both sexes. The max-IMT
was significantly greater in CKD subjects than in non-CKD
subjects only in subjects with hypertension (Figure A). The
prevalence of stenosis was higher in subjects with high-nor-
mal BP and hypertension in all subjects. The impact of CKD
on the prevalence of stenosis was more pronounced in subjects
with hypertension (multivariable-adjusted odds ratio [95%
confidence interval], 2.21 [1.53-3.19] in non-CKD/hyperten-
sion and 3.16 [2.05-4.88] in CKD/hypertension; Figure B).
Similar trends were found in the analysis of stenosis in men.

In our study, CKD was:independently-associated with carotid
erosis in subjects with hypertension, but not in

kidney function was a strong predictor
ression of carotid
k factors.® Another
study found no independent association of eGFR with
carotid IMT.? In our study, eGFR <50 mL/min per 1.73 m?

Table 2. Adjusted Odds Ratios (95% Cl) for Stenosis According to eGFR Category

eGFR, mL/min per 1.73 m?

0dds Ratio/10 mL per min
=90 60-89 50-59 <50 eGFR Increase

Men and women 672 2320 311 143

Cases of stenosis 47 318 69 48

Age adjusted 1 1.09(0.78-1.53)  1.34(0.87-2.06)  1.91 (1.16-3.14) 0.94 (0.88-1.01)

Multivariable adjusted 1 1.17(0.83-1.66) 1.37(0.88-2.13)  1.79 (1.07-2.98) 0.94 (0.88-1.01)
Men 236 1106 174 86

Cases of stenosis 22 226 51 32

Age adjusted 1 1.37(0.84-2.23)- 1.71(0.96-3.04)  1.86 (0.96-3.04) 0.95 (0.87-1.03)

Multivariable adjusted 1 1.56(0.94-257) 1.85(1.02-3.36)  1.81(0.91-3.59) 0.95 (0.87-1.04)
Women 436 1214 137 57

Cases of stenosis 25 92 18 16

Age adjusted

Muitivariable adjusted

1
1

0.85 (0.52-1.37)
0.84 (0.51-1.38)

0.99 (0.50-1.96)
0.91 (0.45-1.84)

2.38 (1.12-5.06)
2.04 (0.93-4.47)

0.93 (0.84-1.04)
0.95 (0.85-1.06)

Cl indicates confidence interval; and eGFR, estimated glomerular filtration rate.
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Optimal  Normal High-normal Hypertension ’ Optimal  Normal High-normal Hypertension Figure. Multivariable-adjusted maximum carotid
intima-media thickness (max-IMT; A} and odds ratios

Bso : P for stenosis (B) according to blood pressure (BP)
o + category in subjects with and without chronic kid-
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% optimal BP; £P<0.05 vs non-CKD subjects in the
g 30 same BP category.
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was independently associated with carotid atherosclerosis, Sources of Funding
whereas CKD was not. The inconsistent results of these stud- This study was supported by the Japan Heart Foundation and the
ies might be attributable in part to different eligibility crite- Astellas/Pfizer Grant for Rescarch on Atherosclerosis Update,
ria, background, or methods for evaluating renal function. An the Intramural Research Fund of the National Cerebral and

. L ) . . . Cardiovascular Center (22-4-5), and Grant-in-Aid for Scientific
alternative explanation is that the association of CKD with Research from the Japan Society for the Promotion of Science (Grant

carotid atherosclerosis may be somewhat limited. Numbers 23390138/23591288).

In a recent Japanese study, CKD was associated with
increased IMT only in subjects with hypertension.® Similarly,
we showed that CKD was independently associated with
carotid atherosclerosis in subjects with hypertension, whereas
there was no significant impact of CKD in nonhypertensive
subjects. Our results suggest that the impact KD on carotid
atherosclerosis differs according to th ‘ i se as a risk factor for cardiovascular disease and
tant vascular risk factors. CKD may -pooled analysis of community-based studies. J Am Soc

to early carotid atherosclemms but may rathe a ephro ; 07-1315.

( kamura T, Yoshimasa Y, Makino H, Watanabe
ween b]ood pressure category and incidence of
ese population with
dy. Stroke. 2009;40:

None.
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SUPPLEMENTAL MATERIAL

Impact of chronic kidney disease on carotid atherosclerosis

according to blood pressure: The Suita Study
Supplemental Methods

The Suita Study

Suita City is located adjacent to Osaka City, which belongs to the second largest metropolitan
area in Japan. The Suita Study, an epidemiological study of cerebrovascular and cardiovascular
diseases, is based on a random sampling of 12,200 Japanese urban residents." > The participants have
been visiting the National Cerebral and Cardiovascular Center every 2 years since 1989 for regular
health checkups. Written informed consent was obtained from all participants. This study was

approved by the Institutional Review Board of the National Cerebral and Cardiovascular Center.

Evaluation of renal function
Serum creatinine (Cr) was measured by the kinetic Jaffé method. The estimated glomerular
filtration rate (¢GFR) was calculated from the Cr value and age, using equations recommended by

the Japanese Society of Nephrology.’

eGFR (mL/min/1.73m?) = 194xage™**"xCr"*** (for men)
and eGFR (mL/min/1.73m’) = 194xage ***"xCr ' %°*x0.739 (for women).

Carotid Ultrasound Measurements

Carotid atherosclerosis was evaluated by high-resolution ultrasonography with a 7.5-MHz
transducer that produced an axial resolution of 0.1 mm. We measured the carotid arteries from the
superior border of the collarbone to the inferior margin of the mandible. Details of the methods used

for the carotid ultrasonic examination have been previously published.*
Measurement of Blood Pressure
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Well-trained physicians measured blood pressure (BP) three times with the subject in a seated
position using a mercury column sphygmomanometer, an appropriately sized cuff and a standard
protocol. Before the initial BP reading was obtained, participants were seated at rest for at least 5
minutes. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were taken as the average
of the second and third measurements, which were separated by more than 1 minute. Subjects were
classified into one of four BP categories (optimal, normal, high-normal and hypertension) based on
BP values according to the European Society of Hypertension and European Society of Cardiology
(ESH-ESC) 2007 criteria’: optimal (SBP <120 mmHg and DBP <80 mmHg), normal (SBP=120~129
mmHg and DBP=80~84 mmHg), high-normal BP (SBP=130~139 mmHg and DBP=85~89 mmHg),
and hypertensive (SBP >140 mmHg and DBP >90 mmHg or the use of antihypertensive drugs). If
the SBP and DBP readings for a subject were in different categories, the subjects were categorized

into the higher of the two BP categories.

Covariates

We performed routine blood tests that included serum total cholesterol, HDL cholesterol and
glucose levels. Fasting serum glucose categories were defined as follows’: diabetes mellitus (DM,
fasting serum glucose >7.0 mmol/L (126 mg/dL) or the use of medications for DM), impaired fasting
glucose (fasting serum glucose levels from 5.6~6.9 mmol/L (100~125 mg/dL), and normoglycemia
(fasting serum glucose levels <5.6 mmol/L (<100 mg/dL). Physicians or nurses administered
questionnaires covering personal habits and present illness. Smoking and drinking status were

divided into current, former and never. Body mass index (BMI) was calculated as weight (kg)

divided by height (m)°.

Statistical analysis

The association of GFR category with carotid atherosclerosis index was examined using
analysis of covariance (ANCOVA) to compare the maximum intima-media thickness among subjects
according to GFR category. In addition, logistic regression analysis was to estimate odds ratios (OR)
and 95% confidence intervals (CI) for the relationship between stenosis and each GFR category,
adjusting for covariates (age, smoking and drinking status, BP category, blood glucose category, total

and HDL cholesterol (quartile), and body mass index). To examine the combined impact of CKD and
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