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Prehypertension Increases the Risk for Renal
Arteriosclerosis in Autopsies: The Hisayama Study

Toshiharu Ninomiya,* Michiaki Kubo,* Yasufumi Doi,t Koji Yonemoto,* Yumihiro Tanizaki,*
Kazuhiko Tsuruya,” Katsuo Sueishi,¥ Masazumi Tsuneyoshi,® Mitsuo lida,’ and
Yutaka Kiyohara*

Departments of *Environmental Medicine, TMedicine and Clinical Science, *Pathophysiological and Experimental
Pathology, and SAnatomic Pathology, Graduate School of Medical Sciences, Kyushu University, Fukuoka, Japan

ABSTRACT

Information regarding the association between prehypertension BP level and renal arteriosclerosis is
limited. In 652 consecutive population-based autopsy samples without hypertension treatment before
death, the relationship between the severity of renal arteriosclerosis and BP levels classified according
to the criteria of the Seventh Report of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure was examined. The age- and gender-adjusted
frequencies of renal arteriosclerosis linearly increased with elevating BP levels; both hypertensive and
prehypertensive subjects had significantly higher frequencies of renal arteriosclerosis than subjects with
normal BP (normal 11.9%; prehypertension 28.5%; stage 1 hypertension 32.9%; stage 2 hypertension
58.2%; all P < 0.01 versus normal). [n a logistic regression model, prehypertension was significantly
associated with renal arteriosclerosis after adjustment for other cardiovascular risk factors (prehyper-
tension multivariate-adjusted odds ratio [mOR] 5.99 {95% confidence interval (Cl} 2.20 to 15.97]; stage
1 hypertension mOR 6.99 [95% CI 2.61 to 18.72]; stage 2 hypertension mOR 22.21 [95% Cl 8.35 to
59.08]). This significant association was observed for all renal arterial sizes. The similar association was
also observed for arteriolar hyalinosis. When the subjects were divided into those with and those without
target organ damage, the impact of prehypertension on renal arteriosclerosis was similar for both
groups (subjects without target organ damage mOR 5.04 [95% CI 1.36 to 18.62]; subjects with target
organ damage mOR 6.42 [95% Cl 1.29 to 32.04]). These findings suggest that both hypertension and
prehypertension are associated significantly with the severity of renal arteriosclerosis, regardless of the
presence or absence of target organ damage.

J Am Soc Nephrof 18: 2135-2142, 2007. doi: 10.1681/ASN.2007010067

Hypertension has been recognized as one of the ma-
jor risk factors for the development of ESRD. %2 Ne-
phrosclerosis is characterized pathologically by fo-
cal or global glomerular sclerosis and renal
arteriosclerosis and is frequently found in individ-
uals with hypertension.>-5 Meanwhile, several pro-
spective studies have indicated that the impressive
increase in the risk for cardiovascular disease or in
the risk for progression to hypertension started at a
BP level of =120/80 mmHg.6-8 On the basis of
these findings, the Seventh Report of the Joint Na-
tional Committee on Prevention, Detection, Evalu-
ation, and Treatment of High Blood Pressure
(JNC-7) introduced a “prehypertension” category
in which BP is 120 to 139/80 to 89 mmHg and for

J Am Soc Nephrol 18: 2135-2142, 2007

which health-promoting lifestyle modifications are

recommended to prevent cardiovascular disease.®
A prospective population-based study of cardio-

vascular disease has been carried out since 1961 in
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the town of Hisayama on Kyushu Island in southern Japan.
The most characteristic feature of the Hisayama Study is that
the cause of death has been verified by autopsy for approxi-
mately 80% of deceased subjects in the study population.0-3
Our previous autopsy reports of Hisayama residents showed
that systolic BP (SBP) was closely related to the progression of
glomerular sclerosis, renal arteriolar hyalinosis, and renal ar-
teriosclerosis.'13 To our knowledge, the Honolulu Heart Pro-
gram is the only other population-based study that has exam-
ined this issue, although the autopsy rate was not high
(20.6%).%15 Their findings also suggested that diastolic BP
(DBP) was an independent predictor of glomerular sclerosis,
renal arteriolar hyalinosis, and renal arteriosclerosis.!+!> How-
ever, the association between categorized BP levels and renal
vascular changes was not assessed in these studies or in ours. In
this study, we examined the relationship between BP levels and
renal arteriosclerosis, focusing on prehypertension, in popula-
tion-based autopsy samples of the Hisayama Study, taking into
account other cardiovascular risk factors as well as renal artery
size.

RESULTS

The baseline characteristics of the 652 autopsy subjects are rep-
resented according to the BP levels in Table 1. The subjects
with stage 1 or stage 2 hypertension were older than those with
normal BP. The proportions of women gradually increased
with elevating BP levels. The mean GFR values decreased sig-
nificantly in stage 2 hypertension relative to normal BP level,
whereas serum creatinine levels did not change across BP lev-
els. The frequencies of proteinuria and history of cardiovascu-
lar disease were significantly higher in subjects with stage 2

hypertension, and that of electrocardiogram (ECG) abnormal-
ities increased linearly with elevating BP levels. The mean val-
ues of total cholesterol were significantly higher in subjects
with hypertensive or prehypertensive BP levels, whereas the
frequency of glucose intolerance and the mean value of body
mass index (BMI) did not change across BP levels. The fre-
quency of current smoking decreased gradually with elevating
BP levels, but no such tendency was observed for the frequency
of alcohol intake.

Figure 1 presents the age- and gender-adjusted frequencies
of renal arteriosclerosis, arteriolar hyalinosis, and glomerular
sclerosis according to BP classification. The frequencies of re-
nal arteriosclerosis and arteriolar hyalinosis linearly increased
with elevating BP levels; not only hypertensive subjects but also
prehypertensive subjects had a significantly higher frequency
of renal arteriosclerosis and arteriolar hyalinosis compared -
with subjects with normal BP. Likewise, the age- and gender-
adjusted mean values of the wall-lumen ratio of renal arteries
decreased linearly (normal 5.10; prehypertension 4.16; stage 1
hypertension 3.96; stage 2 hypertension 3.47; all P < 0.01 ver-
sus normal), and those of the arteriolar hyalinosis index in-
creased gradually with elevating BP levels (normal 1.21; prehy-
pertension 1.29 [P < 0.05 versus normal}; stage 1 hypertension
1.29 [P < 0.05]; stage 2 hypertension 1.38 [P < 0.01]). The
severity of glomerular sclerosis increased significantly in only
stage 2 hypertension. The age- and gender-adjusted oddsratios
{OR) of renal arteriosclerosis and arteriolar hyalinosis were
significantly higher in prehypertension subjects and in hyper-
tension subjects than in normal ones (Table 2). This associa-
tion remained substantially unchanged even after adjustment
for age at death, gender, total cholesterol, glucose intolerance,
BM], smoking habits, and alcohol intake. Furthermore, we di-

Table 1. Mean values or frequencies of potential risk factors and laboratory variables according to BP classification for

652 autopsy subjects®

Age at death {yr) 70+ 12

75 £ 12°
Women (%)} 377 43.2 52.5¢
SBP (mmHg} 109 =8 148 = 7° 179 = 18°
DBP {(mmHg) 66+7 80 = 11° 91+ 13°
GFR (mi/min per 1.73 m?) 77.1 158 755+ 188 763 = 20.6 70.2 = 19.5¢
Serum creatinine (wmal/L) 83.5(57.3 to0 121.8) 85.4 (54.7 10 133.4) 84.0 (51.5 t0 137.2) 88.2 (49.0 10 158.7) -
Proteinuria {%) 9.2 6.8 10.8 23.4°
History of cardiovascular disease (%) 4.7 1.6 91 12.1¢
Electrocardiogram abnormalities (%) 6.8 15.4¢ 25.7° 40.8°
Total cholesterol (mmaol/L) 4.25 = 1.07 467 £ 107° 4,60 = 1.22¢ 4,63 = 1.10¢
Glucose intolerance (%) 13.2 21.5 18.2 22.2
BM! (kg/m?) 20.2* 28 207 32 20.7 £33 207 £ 31
Smoking habits {%) 47.6 13 39.7 35.4°
Alcohol intake (%) 240 32.6 31.2 30.6

=Data are means = 5D or percertage. GFR determined by Modification of Diet in Renal Disease Study Group formula. Glomerular filtration rate and serum
creatinine were measured in 442 subjects who died after 1977. Geometric mean values and 95% confidence intervals (Cl) of serum creatinine are shown
because of the skewed distribution. BMI, body mass index; DBP, diastolic BP; HT, hypertension; SBP, systolic BP.

bp < 0.01, °P < 0.05 versus normal.
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Figure 1. Age- and gender-adjusted frequencies of renal arterio-
sclerosis {A), arteriolar hyalinosis (8), and glomerular sclerosis (C)
according to BP classification among 652 autopsy subjects. Solid
lines indicate age- and gender-adjusted mean values of wall-
lumen ratlo, arteriolar hyalinosis index, and glomerular sclerosis,
respectively. PreHT, prehypertension; HT, hypertenston *P o<
0.05, **P < 0.01 versus normal.

vided prehypertension into two subcategories—BP 120 to

125/80 to 84 mmHg and BP 130 to 139/85 to 89 mmHg—and
examined the association between BP level and renal arterio-
sclerosis. As a result, the risk for having renal arteriosclerosis
was significantly increased in both BP subcategories even after
adjustment for the previously mentioned cardiovascular risk
factors {BP 120 to 129/80 to 84 mmHg OR 5.93 [95% confi-
dence interval (CI) 2.08 to 16.91; P < 0.01]; BP 130 to 139/85
to 8 mmHg OR 5.92 [95% CI 2.02 to 17.29; P < 0.011).

We examined whether the association between BP and re-
nal arteriosclerosis differs by the presence or absence of target
organ damage. As shown in Figure 2A, the age- and gender-
adjusted frequencies of renal arteriosclerosis were higher in the
group with target organ damage than in the group without it,
regardless of BP level. In both groups, however, the frequencies
of renal arteriosclerosis increased significantly with elevating
BP levels; the difference was significant between the normal
and both the prehypertension and hypertension categories.

J Am Soc Nephrol 18: 2135-2142, 2007
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Likewise, the mean values of the wall-lumen ratio of renal ar-
teries were significantly lower in BP levels of prehypertension
and hypertension than in normal BP level for both the target-
organ-damaged and target-organ-undamaged groups (Figure
2B). As shown in Table 3, the impact of prehypertension on
renal arteriosclerosis was similar for both the damaged and
undamaged groups after adjustment for the previously men-
tioned cardiovascular risk factors (without target organ dam-

‘age OR 5.04 [95% CI 1.36 to 18.62; P < 0.05); with target organ

damage OR 6.42 [95% CI 1.29 to 32.04; P < 0.05]).

Finally, we examined the associations between BP levels and
renal arteriosclerosis by the size of renal arteries using logistic
regression analysis (Table 4). After adjustment for the previ-
ously mentioned cardiovascular risk factors, both prehyper-
tension and hypertension significantly increased the risk for
having renal arteriosclerosis in all arterial sizes. For smaller
arteries (<300 pm), the risk for arteriosclerosis significantly
and linearly increased with elevating BP levels, whereas this
linear association was diminished for larger arteries (=300

pm).

DISCUSSION

In this population-based autopsy survey, we histopathologi-
cally examined the relationship between categorized BP levels
classified according to the INC-7 criteria and renal arterioscle-
rosis. The results showed that both hypertension and prehy-
pertension were associated significantly with renal arterioscle-
rosis, without regard for the presence or absence of target
organ damage or for the size of intrarenal arteries. The rela-
tionships between BP and renal histopathologic changes also
have been reported in the several biopsy-based studies of living
subjects. Lhotta et al.'é showed in patients who underwent bi-
opsy that SBP was associated significantly with the frequencies
of glomerular sclerosis and arteriolar-hyalinosis. According to
the study for patients with biopsy-proven IgA nephropathy,
patients with hypertension, defined as BP =140/90 mmHg,
had more severe glomerular sclerosis, interstitial fibrosis/tubu-
lar atrophy, interstitial infiltration, and atherosclerosis com-
pared with those without hypertension.!? In a similar biopsy
study for IgA nephropathy, prehypertension (BP 120 to 139/80
to 89 mmHg) was associated significantly with the severity of -
mesangial proliferation and arteriolar changes, including inti-
mal thickening, intimal duplication or hyalinosis, but not glo-
merular sclerosis.!® These findings are in accordance with
those of our study.

Several recent reports have shown that the risk for the de-
velopment of cardiovascular.disease or the risk for the progres-
sion to hypertension initiates an increase in BP levels of
=120/80 mmHg. A meta-analysis of individual data for 1 mil-
lion adults in 61 prospective studies indicated that the mortal-
ity from both ischemic heart disease and stroke increased pro-
gressively and linearly from BP levels as low as SBP of 115
mmHg and DBP of 75 mmHg in middle and old age.¢ In addi-
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Table 2. Age- and gender-adjusted or multivariate-adjusted OR for renal arteriosclerosis, arteriolar hyalinosis, and

glomerular sclerosis according to BP classification among 652 autopsy subjects

SR e T .~ BPClassffication” - . . TR
S e T "Nommal™ " Prehypertension - . Stage THT - - *- - . Stage2-HT
Arteriosclerosis
age and gender adjusted
ORP 1.00 4.21¢ 497° 16.57¢
ct Reference 1,85 to 9.60 2.20t0 11.21 7.41 to 37.05
multivariate adjusted '
OR¢ 1.00 5.999 6.99¢ 22,214
ci Reference 2.20 to 15.97 2.611018.72 8.35 10 59.08
Arteriolar hyalinosis
age and gender adjusted
OR® 1.00 2.70° 2.59° 5.84¢
cl Reference 1.19 t0 6.13 1.14 to 5.89 24510 12.88
multivariate adjusted )
OR® 1.00 2.36° 219 5.42¢
Ci Reference 1.01 to 5.50 093 to0 5.16 237 t012.38
Glomerular sclerosis
age and gender adjusted
ORP 1.00 1.03 1.24 2.06°
Cl Reference 0.50 to 2.12 0.62 to 2.49 1.06 to 4.02
multivariate adjusted
OR* 1.00 1.01 1.21 2.21°
Cl Reference 0456 10 2.21 0.56 to 2.61 1.06 to 4.64
20R odds ratio.

bAgjusted for age at death and gendar.

cAdjusted for age at death, gender, total cholesterol, glucose intolerance, BMI, smoking habit, and alcohol intake.

dp < 0.01, ®P < 0.05 versus normal.
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Figure 2. Age- and gender-adjusted frequencies of renal arterio-
sclerosis (A) and mean values of wall-lumen ratio of the renal
arteries (B) according to BP classification by the presence or
absence of target organ damage among 652 autopsy subjects.
TOD, target organ damage; *P < 0.05, **P < 0.01 versus nomal
in target organ damage (-); 5P < 0.05, %3P < 0.01 versus normal
in target organ damage (+}.

tion, longitudinal data that were obtained from the Framing-
ham Heart Study indicated that high-normal BP and normal
BP, defined by JNC-6, were associated with the occurrence of
cardiovascular disease.” Moreover, according to the random-
ized, controlled trial conducted in the Modification of Diet in
Renal Disease (MDRD) study, low target BP (mean BP <92
mmHg, equivalent to a BP <125/75 mmHg) reduced the risk
for developing kidney failure by approximately 30% compared
with the usual target BP (mean BP <107 mmHg, equivalent to
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a BP'<140/90 mmHg).!® Our findings also showed that pre- -
hypertension levels were significantly associated with renal ar-
teriosclerosis and arteriolar hyalinosis. It may be reasonable to
suppose that prehypertension promotes systemic arterioscle-
rosis including renal vascular changes and causes cardiovascu-
lar disease and renal dysfunction.

It is possible that prehypertension is not the cause of renal
arteriosclerosis but the result of renal vascular changes or or-
gan damages by other cardiovascular risk factors. In this study,
however, prehypertension was clearly associated with renal ar-
teriosclerosis, regardless of the presence or absence of target
organ damage, and this association was significant even after
adjustment for other cardiovascular risk factors. This suggests
that a slight increase in BP to prehypertension levels was asso-
ciated independently with the severity of renal arteriosclerosis.
Therefore, it is possible that antihypertensive treatment with
BP-lowering < 120/80 mmHg prevents the progression of re-
nal arteriosclerosis, regardless of the presence or absence of
target organ damage.

In our study, the relationship between BP levels and renal
arteriosclerosis differed somewhat according to the size of re-
nal arteries; the risk for renal arteriosclerosis increased signif-
icantly and linearly with elevating BP levels in smaller arteries
(<300 pm), including arterioles, whereas this phenomenon
was diminished in larger arteries (=300 pm). Instead, the im-
pact of total cholesterol levels was reinforced with elevating
renal arterial size in our subjects (data not shown). In autopsy

J Am Soc Nephrol 18: 2135-2142, 2007
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Table 3. Multivariate-adjusted OR for renal arteriosclerosis according to BP classification by the presence or absence of

target organ damage.

8P Classification’

. Parameter .. e e
LTl . Nommal- - - -.." - - Prehypértension’ .. -- - .. .Stage 1 HT" _-: - . --. Stage-Z.HT.
Target organ damage (—)°
population at risk 83 109 103 70
OR® 100 . 5.04¢ 6054 18.81¢
95% C! Reference 1.36 to 18.62 1.65 to 22.20 4.98 t0 71.01
Target organ damage (+)
population at risk 23 63 73 ’ 128
OR® 1.00 6.42¢ 7.21¢ 18.02¢
95% Ci Reference 1.29 to 32.04 1.46 to 35.65 3.75 to B4.47

"Target organ damage was defined as the presence of preexisting cardiovascular disease, electrocardiogram abnormalities, proteinuria, or GFR <40 mi/min per

1.73 m2,

Adjusted for age at death, gender, total cholesterol, glucose intolerance, BMI, smoking habits, and alcohol intake.

<P < 0.05, 9P < 0.01 versus nomal.

Table 4. Multivariate-adjusted OR for renal arteriosclerosis according to BP classification by the size of renal arteries

among 652 autopsy subjects

- Stage 2 HT

60 to 149 )
oRr? 1.00 4,01° 413 12.00°
95% ClI Reference 1.59 to 10.10 1.64 t0 10.39 4.84 to 29.68

150 to 299
OR® 1.00 2.3%¢ 4270 9.94°
95% Cl Reference 1.13 10 5.07 2.05 10 8.89 4.77 to0 20.72

300 to 499 '

OR?® 1.00 4.21° 2.73¢ 6.21°
95% Cl Reference 1.68 to 10.60 1.06 t0 6.99 2.49 10 15.47

=500 .

OR? 1.00 3.80° 2.59 3.08
95% ClI Reference 1.09 to 13.30 0.72 to 9.34 0.86 t0 11.04

*Adjusted for age at death, gender, total chalesterol, glucose intolerance, BMI, smoking habits, and aleohol intake.

bp < 0.01, °P < 0.05 versus nomal.

findings from the Honolulu Heart Program, BP was associated
strongly with the intimal thickness of renal arteries with an
outer diameter of 80 to 300 pum, but there were no correlations
between the intimal thickness of these renal arteries and other
cardiovascular risk factors, such as total cholesterol, triglycer-
ides, blood glucose, and smoking.'* It is feasible to speculate
that the degree of the atherogenic effects of risk factors varies
according to artery size and that hypertension affects small
arteries notably.

Several limitations of our study should be discussed. First,
our findings might be biased by the exclusion of 187 subjects
who were taking antihypertensive medications. The mean val-
ues of SBP, DBP, serum creatinine, and total cholesterol and
the frequencies of proteinuria, ECG abnormalities, glucose in-
tolerance, and history of cardiovascular disease were signifi-
cantly higher and the mean values of wall-lumen ratio were
significantly lower in subjects who were taking antihyperten-
sive medications than in the 652 subjects without antihyper-
tensive medications in the present study. This bias has the po-
tential to underestimate the impact of hypertension or other

cardiovascular risk factors on renal arteriosclerosis. However,

J Am Soc Nephrol 18: 2135-2142, 2007

it is unlikely that this bias affects the association between pre-
hypertension and renal arteriosclerosis, because prehyperten-
sive subjects did not use antihypertensive medication. Second,
only a single BP measurement was obtained at the baseline
examination in the recumbent position. This imperfect mea-
surement of BP might have resulted in 2 misclassification of
our study subjects into different BP categories and a conse-
quent dilution of our estimates of BP’s impact on renal arte-
riosclerosis. Third, this is a cross-sectional study. Therefore, it
is difficult to infer causality between prehypertension and risk
for progression of renal arteriosclerosis, because it may be pre-
sumed that BP increased as a result of renal ischemia by preex-
isting renal arteriosclerosis, acting mainly through the renin-
angiotensin system. In any case, our findings suggest that
subjects with prehypertension should be considered as those
with more progressive renal arteriosclerosis. Fourth, several
variables used in this study were less accurate. We used the
MDRD equation to estimate GFR; this formula is notoriously
inaccurate in patients with normal kidney function. Protein-
uria was established as 1+ or more on the dipstick; this would
have missed all subjects with microalbuminuria. In addition,
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the definition of glucose tolerance varied depending on when
the examination was done. These facts might lead to the mis-
classification of a normal subgroup without any risk factor and
affect the cutoff value of each histologic parameter. However, it
seems to be unlikely that this limitation distorted the associa-
tions between BP levels and severity of renal arteriosclerosis,
because BP levels showed the dosage-dependent association
with the continuous values of wall-lumen ratio. Finally, this
study is based on autopsy and the proportion of aged people is
extremely high. Therefore, its findings cannot be applied to the
overall living population. However, we believe that our find-
ings provide useful information toward a better understanding
of the pathogenesis of renal arteriosclerosis.

CONCLUSION

Prehypertension level classified by JNC-7 was associated sig-
nificantly with the severity of renal arteriosclerosis. Therefore,
prehypertensive individuals should be considered a high-risk
population, regardless of the presence or absence of target or-
gan damage. Our findings emphasize the need to determine
whether the lowering of goal BP in hypertension management
can prevent the progression of renal and systemic arterioscle-
rosis.

CONCISE METHODS

Study Population

The population of the town of Hisayama is approximately 7500, and
data from the national census show it to be representative of Japan as
a whole,10:1 The study design and characteristics of the subject pop-
ulation have been described in detail elsewhere.12:12 Briefly, from Jan-
uary 1962 to December 1994, a total of 1742 Hisayama residents of all
age groups died, 1394 (80.0%) of whom underwent autopsy. The
autopsy rate was not different between men (78.7%) and women
(81.6%). Among these consecutive autopsy subjects, 1168 partici-
pated in at least one of the six health examinations conducted in 1961,
1967, 1974, 1978, 1983, and 1988. For every examination, the partic-
ipation rate exceeded >80% of all Hisayama residents 40 yr or older.
After exclusion of 98 subjects who lacked preserved renal tissues, 33
with degenerated or small renal tissues, 80 who underwent autopsy at
other hospitals, 118 who had no health examination data within 7 yr
before death, and 187 who had been treated with antihypertensive
medications, 652 subjects (362 men and 290 women) were included
in this study. The mean period from the most recent health examina-
tion to death was 3.6 * 1.8 yr. ’ '

Morphologic Examination of Renal Tissue

The methods of morphologic examination of renal tissue have been
described in detail elsewhere.}? Briefly, for light microscopic study,
paraffin-embedded renal tissues that were obtained by standard au-
topsy methods were cut at a 2-pm thickness and stained with periodic
acid-Schiff reagent. The wall-lumen ratio was evaluated as the severity

2140 Journal of the American Society of Nephrology

of arteriosclerosis by the method of Kernohan et al.® For each speci-
men, all arteries with an outer diameter >60 ytm were examined using
an eyepiece micrometer. The outer diameter and the lJumen diameter
of the least axis of the elliptic profile were directly measured. The
wall-lumen ratio was calculated in each artery as lumen diameter/
(outer diameter — lumen diameter)/2, and the mean value for all
arteries in all subjects was used as the index of arteriosclerosis. We
further classified all arteries into four categories according to the outer
diameters of the renal arteries— 60 to 149, 150 to 299, 300 to 499, and
=500 prm—and calculated the mean values of the wall-lumen ratio by
the previously mentioned categories.

The severity of arteriolar hyalinosis was assessed semiquantita-
tively by the method of Barder et al.2! For each tissue specimen, 50
arterioles were examined and the severity of the lesion in each arte-
riole was graded from 1+ to 4+ according to the extent of arteriolar
hyalinosis. The arteriolar hyalinesis index was calculated by the fol-
lowing formula: Arteriolar hyalinosisindex = (n,X 1 + n,;X 2 + ny X
3 -+ n,X 4)/50. Here, n,, n,, n,, and n, indicate the number of arte-

rioles showing hyalinosis scores of 1+ to 4+, respectively.

The semiquantitative score was used to evaluate the severity of
glomerular sclerosis by the method of Raij et al2? For each tissue
specimen, 100 glomeruli from the superficial o deep cortex were

- examined uniformly, and the severity of the lesion in each glomerulus

was graded from 0 to 4+ according to the percentage of glomerular
sclerosis. The glomerular sclerosis index was calculated by the follow-
ing formula: Glomerular sclerosis index = (n;X 0 + 0, X 1 + n,X 2
+ 03X 3 + n, X 4)/4. Here, ng, n,, n,, n,, and n, indicate the number
of glomeruli showing sclerotic lesion scores of 0 to 4+, respectively.

Definition of Renal Arteriosclerosis, Arteriolar
Hyalinosis, and Glomerular Sderosis

To differentiate the effects of cardiovascular risk factors from age-
related changes, we selected 103 subjects who had none of the follow-
ing characteristics: Proteinuria, kidney failure, hypertension, glucose
intolerance, or primary renal disease at autopsy. Using this subgroup,
the cutoff limits were defined as below the 10th percentile or above the
90th percentile of each histologic parameter distribution; that is, renal
arteriosclerosis, arteriolar hyalinosis, and glomerular sclerosis were
defined as a wall-lumen ratio <3.37, an arteriolar hyalinosis index
>1.44, and a glomerular sclerosis index >17.0, respectively. In the
analysis by the size of renal arteries, furthermore, renal arteriosclero-
sis was defined as below the lower 10th percentile for mean values of
the wall-lumen ratio by size (60 to 149 pm: wall-lumen ratio <3.56;
150 to 299 pm: wall-lumen ratio <2.65; 300 to 499 pm: wall-lumen
ratio <2.64; =500 pm: wall-lumen ratio <2.44).

Risk Factors

BP was measured three times after a single rest period of at least 5 min
using a standard mercury sphygmomanometer with the subject in the
recumbent position. The mean of the three measurements was used
for the analysis. BP levels were categorized according to the criteria
recommended by JNC-7% (normal: SBP <120 mmHg and DBP <80
mmHg; prehypertension: SBP 120 to 139 mmHg or DBP 80 to 89
mmHg; stage 1 hypertension: SBP 140 to 159 mmHg or DBP 90 to 99

J Am Soc Nephrol 18: 2135-2142, 2007
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mmHg; stage 2 hypertension: SBP =160 mmHg or DBP =100
mmHg).

Glucose intolerance was defined by an oral glucose tolerance test
in the subjects with glycosuria in 1961 and 1967; by fasting and post-
prandial glucose concentrations in 1974, 1978, and 1983; and by a
75-g oral glucose tolerance test in 1988, in addition to medical history
of diabetes. ECG abnormalities were defined as Minnesota codes 3-1
and/or 4-1, -2, -3. Serum total cholesterol levels were measured by the
Zak-Henly method with a modification by Yoshikawa in 1961 and
1967, by the Zurkowski method in 1974, and by the enzymatic
method after 1978. Serum creatinine concentration was measured by
the Jaffe method after 1974, and GFR was calculated by the MDRD
Study Group formula.2? Freshly voided urine samples were tested by

the sulfosalicylic acid method in 1961 and 1967 and by the dipstick -

method after 1974. Proteinuria was defined as 1+ or more. Body
height and weight were measured in light clothing without shoes, and
the BMI (kg/m?) was calculated. Information on antihypertensive
medication, alcohol intake, and smoking habits was obtained through
a standard questionnaire and classified as current habitual use or a
lack thereof. All available information about potential cardiovascular
diseases, including stroke, myocardial infarction, and coronary inter-
vention, was gathered and reviewed by a pane} of physician members
of the Hisayama Study to determine the occurrence of cardiovascular
disease under the standard criteria. A history of cardiovascular disease
was determined on the basis of this information. Target organ damage
was defined as the presence of ECG abnormalities, proteinuria, GFR
<60 ml/min per 1.73 m? or a history of cardiovascular disease.

Statistical Analyses

SAS software (SAS Institute, Cary, NC) was used to perform all sta-
tistical analyses. The crude or age- and gender-adjusted mean values
and frequencies of variables were compared among BP levels using
Dunnett £ test or logistic regression analysis as appropriate. The age-
and gender-adjusted or multivariate-adjusted OR and 95% CI were
calculated by a logistic regression analysis. P < 0.05 was considered
statistically significant in ail analyses.
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Impact of Metabolic Syndrome on the Developnient of
Cardiovascular Disease in a General Japanese Population
‘The Hisayama Study

Toshiharu Ninomiya, MD, PbhD; Michiaki Kubo, MD, PhD; Yasufumi Doi, MD, PhD;
Koji Yonemoto, PhD; Yumihiro Tanizaki, MD, PhD; Mahbubur Rahman, MBBS, MPH, PhD;
Hisatomi Arima, MD, PhD; Kazuhiko Tsuryuya, MD, PhD;

Mitsuo [ida, MD, PhD; Yutaka Kiyohara, MD, PhD

Background and Purpose—The metabolic syndrome (MetS) is associated with an increased risk of cardiovascular disease
(CVD) events in general populations. However, well-designed prospective studies in Asian populations are very limited:

Methods—We prospectively evaluated a total of 2452 community-dwelling Japanese individuals aged 40 years or older
from 1988 to 2002 and examined the effects of MetS defined by the modified Natlonal Cholesterol Education Program
Adult Treatment Panel I criteria on incident CVD.

Results—The prevalence of the MetS was 21% in men and 30% in women at baseline. During the follow up, 307 CVD
events occurred. Compared with those without MetS, the age-adjusted incidence of CVD (per 1000 person-years) was
significantly higher in subjects with the MetS in both men (21.8 versus 11.6, P<0.01) and women (12.9 versus 6.5,
P<0.01). The risk of CVD events was significantly higher even after adjusting for the following confounding factors:
age, proteinuria, electrocardiographic abnormalities, serum total cholesterol, smoking habits, alcohol intake, and regular
exercise (hazard ratio, 1.86; 95% CI, 1.32 to 2.62 in men and hazard ratio, 1.70; 95% CI, 1.22 to 2.36 in women). The

 risk of incident CVD was found to increase with the number of components of MetS and became significantly predictive
when the number of components reached 3. Similar associations were also observed when CVD was divided into
" coronary heart disease and stroke.

Conclusions—Our findings suggest that MetS is a significant risk factor for the development of CVD in the Japanese

middle-aged populatlon (Stroke. 2007;38:2063-2069.)

Key Words: gardlovascular disease m epidemiology m metabolic syndrome m niyocardial infarction m stroke

etabolic syndrome (MetS), also known as syndrome Iation with or without diabetes mellitus. Howéver, most of
X,! the insulin resistance syndrome,? and deadly quar- these studies were based on Western populations, and well-
tet,? is a constellation of dyslipidemia, central obesity, ele- designed prospective studies in Asian populations are very

vated blood pressure, and impaired glucose tolerance. It is limited.?’-2 Thus, there is a dearth of literature regarding the
associated with high risk for the development of type 2 relationship of MetS with incident CVD based on general

diabetes mellitus and cardiovascular disease (CVD).*~7 In the population cohorts with a reasonable Iength of follow-up time
past several years, a great deal of attention has been directed in ethnic groups other than whites. In this study, we examined
to it attributable to increases in its prevalence worldwide® and the impact of MetS on CVD events in a general Japanese
its association with CVD morbidity and mortality. Although population cobort bused on 14-year prospective follow-up
each of the components of MetS has been shown to increase data.

CVD risk,?-12? the presence of MetS has been reported to

identify additional risk.? Different prospective studies?.13-25 Materials and Methods

based on the definitions from the National Cholesterol Edu-

cation Program’s (NCEP) Third Adult Treatment Panel Re-  Study Population

; - The Hisayama Smdy, an epidemiological study of cerebro- and
port Il and World Health Organization® showed that cardiovascular diseases, was established in 1961 in Hisayama Town,

subjects with MetS are at increased risk of incident CVD, a suburban community adjacent to Fukuoka City, a metropolitan area
CVD mortality, and all-cause mortality in the general popu- of Kyushu Island in southern Japan. The population of the town is
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approximately 7500, and full community surveys of the residents
have been repeated since 1961.3% In 1988, a screening survey for the
present study was performed in the town. A detailed description of
this survey was published previcusly3' Briefly, a total of 2736
residents aged 40 years or over (80.7% of the total population of this
age group) consented to participate in the examination and under-
went a comprehensive assessment. After excluding 102 subjects with
a history of coronary heart disease or stroke, as determined by a
questionnaire and medical records, one subject for whom no blood
sample was obtained, 120 subjects with postprandial blood sample,
and 61 subjects without the measurements of their waist circumfer-
ences, the remaunng 2452 subjects (1050 men and 1402 womf,n)
were enrolled in this study.

Follow-Up Survey

The subjects were followed prospectively from December 1988 to
November 2002 by repeated health examinations. Health status was
checked yearly by mail or telephone for any subjects who did not
undergo a regular examination or who had moved out of town. We
also established a daily monitoring system among the study team and
local physicians or members of the town’s health and welfare office.
- When a subject died, an autopsy was performed at the Department of
Pathology of Kyushu University. During the follow-up period, only
one subject was lost to follow up and 479 subjects died, of whom 362
(75.6%) underwent autopsy.

Definition of Cardiovascular Events

CVD was defined as first-ever development of coronary heart
disease (CHD) or stroke. The criteria for a diagnosis of CHD
included first-ever acute myocardial infarction, silent myocardial
infarction, sudden cardiac death within 1 hour after the onset of acute
iliness, or coromary ariery disease followed by coronary artery
bypass surgery or angioplasty.?? Acute myocardial infarction was
diagnosed when a subject met at least 2 of the following criteria: (1)
typical symptoms, including prolonged severe anterior chest pain;
(2) abnormal cardiac enzymes more than twice the upper limit of the
normal range; (3) evolving diagnostic electrocardiographic changes;
and (4) morphological changes, including local asynergy of cardiac
wall motion on electrocardiography, persistent perfusion defect on
cardiac scintigraphy, or myoccardial necrosis or scars >1 cm long
accompanied by coronary atherosclerosis at autopsy. Silent myocar-
dial infarction was defined as myocardial scarting without any
historical indication of clinical symptoms or abnormal cardiac
enzyme changes. Stroke was defined as a sudden onset of noncon-
vulsive and focal neurological deficit persisting for >24 hours. The
diagnosis of stroke and the determination of its pathological type
were based on the clinical history, neurological examination, and ali
available clinical data, including brain CT/MRI and autopsy find-
ings. Stroke was classified as either ischemic or hemonrhagic.32

Risk Factor Measurement -

At the baseline examination, each participant completed a self-
edministered questionnaire covering medical history, exercise, treat-
ment for hypertension or diabetes, smoking habits, and alcohol
intake. The questionnaire was checked by trained interviewers at the
screening. The subjects engaging in sports or other forms of exertion
=3 times a week during their leisure time made up a regular exercise
.group. Smoking habits and alcohol intake were classified into
currently habitual or not.

Blood pressure was measured 3 times using a standard mercury
sphygmomanometer in the sitting position after rest for at least 5
minutes. The mean of the 3 measurements was used for the analysis.
Hypértension was defined as blood pressure =140/90 mm Hg and/or
current use of antihypertensive agents. The waist circumference was
measured at the umbilical level in a standing position by a trained
staff member. Body height and weight were measured in light
clothing without shoes and the body mass index (kg/m?) was
calculated. Electrocardiographic abnormalities were defined as left
ventricular hypertrophy (Minnesota code, 3 to 1)} and/or ST depres-
sion (Minnesota code, 4 to 1, 2, or 3),

Blood samples were collected from an antecubital vein after an
ovemight fast for the determination of lipids and blood glucose
levels. Serum tofal cholesterol, triglycerides, and high-density li-
poprotein cholesterol concentrations were determined enzymatically.
Fasting blood glucose levels were measured by the glucose oxidase
method, Diabetes was defined as fasting blood glucose =126 mg/dL
(7.0 mmol/L) and/or current use of insulin or oral medication for
diabetes. Fresh voided urine samples were collected at the examina-
tion and proteinuria was defined as [+ or more using a reagent strip.

Definition of Metabolic Syndrome

MetS was defined by using criteria recommended in the NCEP Adult
Treatment Panel HI guideline® with a modification. Specifically,
abdominal obesity was defined as a waist circumference >90 cm in
men and >80 cm in women according to International Obesity Task
Force central obesity criteria for Asia.?? Elevaied blood pressure was
defined as average systolic/diastolic blood pressures of =130/
85 mm Hg and/or current use of antihypertensive medicine. Hyper-
triglycerideria was defined as serum triglycerides of =1.69 mmol/L. Low
high-density lipoprotein cholesterol was defined as serum high-density
lipoprotein cholesterol levels of <1.03 mmol/L in men and of
<1.29 mmol/L in women. Elevated blood glucose level was defined as
fasting blood ghicose of =6.10 mmol/L and/or current use of insulin or oral
medication for diabetes. MetS was defined as the presence of 3 or more of

these components.

Statistical Analysis

The SAS software package (SAS Institute, Inc, Cary, NC) was used
to perform all statistical analyses. Serum triglycerides were trans-
formed into logarithms to improve the skewed distribution. The
statistical significance of differences in mean values of continuous
variables and frequencies of categoricel variables was examined
using the Student r test and x* test as appropriate. The incidences
were calculated by the person-year method. Differences in inci-
dences between MetS status were tested by the Cox proportional
hazards regression analysis after adjustment for age. The age- or
multivariate-adjusted hazard ratios (HRs) and 95% Cls were also
estimated with the use of the Cox proportional hazards model.
P<0.05 was considered statistically significant in all analyses.

Results

The overall prevalence of MetS at baseline was 25.9%. The baseline
characteristics on the basis of sex and MetS are shown in Table 1.
Men with MetS had significantly higher mean values of blood
pressures, waist circumference, body mass index, fasting blood
glucose, and serum triglycerides and lower mean values of serum
high-density lipoprotein cholesterol compared with those without
MetS. Moreover, the frequencies of antihypertensive medication,
hypertension, proteinuria, diabetes, and alcohol intake were higher
in men with MetS than in those without MetS. A similar distribution
was observed in women with MetS in terms of the previously
mentioned variables except for alcohol intake. In addition, women
with Mets were significantly older and had higher serum total
cholesterol compared with those without MetS. 4

During the 14-year follow up, 307 first-ever CVD events (158
men dnd 149 women) occurred. Of these, there were 125 CHD (78
men and 47 women) and 209 stroke events (94 men and 115
women). The age-adjusted mcidences of CVD were significantly
higher in subjects with MetS compared with those without MetS for
both sexes (men; 21.8 versus 11.6 per 1000 person-years, P<0.01;
women: 12.9 versus 6.5, P<<0.01) (Table 2). The same was true for
CHD incidence in both sexes (men: 9.2 versus 5.7, P<0.01;
women: 5.1 versus 1.5, P<0.01) and for stroke in men (14.1 versus
6.4, P<0.01). When we divided strokes into ischemic and hemor-
thagic type, the age-adjusted incidences of ischemic stroke were
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