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ORIGINAL ARTICLE

Endocrine Care

Fasting Plasma Glucose Cutoff for Diagnosis
of Diabetes in a Japanese Population

Yasufumi Doi, Michiaki Kubo, Koji Yonemoto, Toshiharu Ninomiya, Masanori iwase, Hisatomi Arima,
Jun Hata, Yumihiro Tanizaki, Mitsuo lida, and Yutaka Kiyohara

Department of Emwronmental Mediang (Y.0., ME, KY, TN, HA, LH ¥ T. ¥ K} and Madicing and Clinical Soence (Y D. MK, TH
ML, HA, LH YT, ML, Y K, Graduste School of Medical Scences, Kyshu University, Fukuoka 812-8582. Japan

Objective: We examined the relationship between fasting plasma glucose (FPG) and 2-h post-load
glucose (PG) levels, and the optimal FPG cutoff level to correspond to a 2-h PG of 11.1 mmolfiter,
the gold standard diagnostic criterion, in @ general Japanese population.

Design: Cross-sectional study populations of 2421 subjects in 1988 and 2698 subjects in 2002, aged
40-79 yr and without antidiabetic medication, were tested with an oral glucose tolerance test. The
relationship between FPG and 2-h PG was investigated by various regression models and a receiver
operating characteristic curve.

Results: The best-fit model for the relationship between FPG and 2-h PG was a quadratic regression
model. The FPG cutoff levels corresponding to the 2-h PG of 11.1 mmol/liter by this model were 6.2
mmol/liter in 1988 and 6.3 mmol/iter in 2002. In the combined populations, the FPG cutoff point
was 6.3 mmoliliter; the sensitivity and specificity of this cutoff point for detecting a 2-h PG of 11.1
mmolfliter were 75.2 and 88.6%, respectively. The receiver operating characteristic curve analysis
confirmed that the corresponding FPG point was 6.2 mmol/iter in both the 1988 and 2002 pop-
ulations. In a stratified analysis, the FPG cutoff level increased with increasing body mass index
levels; however, even in subjects with body mass index more than or equal to 30 kg/m?, the FPG
cutoff level was lower than 7.0 mmol/liter,

Conclusions: Our findings suggest that the FPG cutoff level corresponding to the 2-h PG of 11.1
mmeoliliter in the general Japanese population is lower than the current diagnostic criterion. (J Clin
Endocrinol Metab 93: 3425-3429, 2008)

2-h post-load glucose (PG) cutoff level of 11.1 mmol/liter
A is considered to be the gold standard diagnostic criterion
for diabetes mellitus. This curoff point was originally adopred for
several reasons (1). First, 11.1 mmol/liter has been found ro ap-
proximate the cutoff point separating the two components of the
bimodal distribution of 2-h PG levels. Second, according ro sev-
eral epidemiological studies, including our own, the prevalence
of microvascular disease sharply increases in patients having a
2-h PG above 11.1 mmol/liter (1-4). Third, a great number of
clinical and epidemiological studies have used this crirerion. By
contrast, fasting plasma glucose (FPG) has not been adequarely
justified as a diagnostic criterion. The FPG cutoff point for di-
agnosing diabetes was revised by the Experr Committee of the
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American Diabetes Associarion (ADA) (1) in 1997; namely, the
curoff point defining diabetes was reduced from more than or
equal to 7.8 mmal/liter to more than or equal to 7.0 mmol/liter,
though the ADA itself has recognized that this new cutoff point
is not the best equivalent of the 2-h value of 11.] mmol/liter
{1, 5} The World Health Organization adopred an FPG of 7.0
mmolfliter as a diagnostic criterion of diabetes in 1998 (6). This
lowering was based on the following findings from several srud-
ies, primarily with cohorts of high body mass index (BMI) sub-
jects: 1) the prevalence and incidence of diabetic retinopathy
increased at an FPG of approximartely 7.0 mmol/irer (1, 3, 4); 2)
the discrepancy in the detection rate of diabetes berween FPG and
2-h PG values was reduced when an FPG of 7.0 mmol/iter was

Abbreviations: ADA, American Diabetes Assodation, BMI, body mass index, FPG, fasting
plasma ghucose; OGTT, oral glucose wilerance test, PG, posi-load glucose. ROC, recenver
operating chamcterstc

) Chin Endocrinol Metab, September 2008, 93(9) 34253429 jeern endojournals org 3425
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used; and 3) the prevalence of diabetes by a 2-h PG cutoff point

) Clirs Endoernol Metab, September 2008, 93(5):3425-3429

wems on diabetes, bypertension, and other cheonic diseases) and current
dical with insulin and oral hypoglycemic agents. Afrer ex.

of 11.) mmol/iter was identical to that of an FPG of apy
mately 7.0 mmaolliter in several populations. However, the Di-
abetes Prevention Program Research Group has recently shown
thar the retinopathy characreristic of diabetes was present in
persons whose FPG was below the diabetic range and who had
no known history of diabetes (7). Furthermore, an integrated
study of three general papulations suggested that although the
prevalence of retinopathy increased with FPG concentration,
there was no clear diagnostic cutoff (8). These findings imply that
data of diabetic retinopathy alone are not adequate to determine
an FPG curtoff point. Thus, another approach, such as a regres-
sion analysis, is needed 1o validate the FPG cutoff point.

On the other hand, it remains controversial whether the FPG
of 7.0 mmolfliter is adequately diagnostic for diaberes in Asian
populations, which tend to be leaner than Western populations.
For instance, FPG cutoff levels correspondingtoa 2-h PG of 11.1
mmol/liter were also lower than 7.0 mmaol/liter in other Asian
populations (2-11). There have been very few reports on this
issue in the Japanese population, in which the prevalence of di-
abetes has been increasing rapadly in recent years, The purposes
of this study were to deternune the FPG curoff value correspond-
ing to a 2-h PG of 11.1 mmol/liter, and to check whether this
cutoff value varied according to changes in the sociery over time
by examining the relationship between FPG and 2-h PG values in
a general Japanese population at two different time points sep-
arated by an interval of 14 yr.

Subjects and Methods
A lation-based tive study of cardi ular discase has been
undcrwa)* since 196 I in the Town of Hisayama, 4 suburb in the Fukuoka
metropolitan area on Kyushu lsland, in Japan. Based on data from the
narional census, the age and occupanonal distributions for Hisayama
have been almost identical to those of Japan as a whale from 1961 to the
present. As a part of the study, two cross-sectional diabetes surveys of
Hisayama residents were conducred in similar fashion in 1988 and 2002,
A detailed description of the surveys has heen published previously (12,
13); briefly, of the rotal of 3227 residents in 1988 aged 40-79 yr in the
town registry, 2587 (participation rate, 80.2% ) consented to take partin
& comprehensive assessment, including a 75-¢ oral glucose tolerance rest

cluding participants who had already had breakfast, those who were re-
ceiving insulin therapy for diabetes, and those who refused the OGTT due
to complamts of nausea or general fatigue during the ingestion of ghacose,
we successfully completed the OGTT on 2480 subjects. An additional 59
subiects were excluded because they were taking oral hypoglycemic agents;
thius, the final 1988 study group comprised 2421 subjects (1045 men and
1376 women) (Fig. 1). In 2002, we established another study population of
2698 (1162 men and 1536 wemen) using the same methods and critenia,

In both the 1988 and 2002 surveys, clinical evaluation and laboratory
measurements were performed in o similar manner. The study subjects
underwent the OGTT between 0800 and 1030 h after an overnight fast
ohllﬂu 12 h.Bloodiurrhr gl assay was obtained by venipuncrure
into dim Hiorid ar fasting and at 2-h posr-load, and
was separared into plam and blood cells within 20 min. Plasma glucose
levels were determined by the gl id. hod. The b
assay and within-assay mct’ﬂcxnn of vanance of glucose measurement
n our labortory were (.96 and 0,81% at 5.6 mmol/liter, and 0.81 and
0.56% at 16.7 mmol/liter, respectively. Total cholesterol and rriglycer-
ides were determined enzymatically. Blood pressure was obrained three
times using a mercury sphygmomanomerer with the subject in a sitring
position; the average values were used in the analyses, Hypertension was
defined as systolic blood pressure more than or equal to 140 mm Hg
and/or diastolic blood pressure more than or equal to 90 mm Hy and/or
current treatment with antihy pertensive agents. The heighrand weight of
each subject, wearing lighe clothes witk shoes, were ded, and the
BMI (kg/m*) was calculared. The interview investigated smoking habits
and alcohol intake. Both were classified as either currently habitual or
not. Subjects engaging in sports ar least three times per week during rheir
leisure time were classified into a regular exercise group.

SAS (SAS Institute lrlt1 Cary, NC) was used to0 pcdorm all mmnc.ai

Iyses. Various reg including linear, g o
mn.,m\ﬂn-,pf.mﬂ.and ¥ ial models, with i Were ex-
amined ine which best fit the relationship b FPGand 2-h PG
frvds.Furﬂnmnm.mFPGmmﬁpowwmdmgmtﬁc’-bPﬁof
11.1 mmolfiter was i from each reg The sensi-
avity of the FPG cutoff point was defined as its nba.lrn':otdcnub correctly
mdividuals who had a 2-h PG of 11.1 mmelfliter or higher, and the spect-
ficity was its ability to identify correctly individuals who did not have a 2-h
PG of 11.1 mmolliter or higher, To compare the ahility of FPG measure-
ments to detect the presence or absence of a 2-h PG of 11.1 mmolliter or
higher across a range of values, we plotted receiver operating characternistic
(ROC) curves. The diagnosnic properties of specific cutaff levels of FPG were
definex! by maximizing the sensitiviry and specificiry ro idennify a 2-h PG of
11,1 mmolliter or higher,

This study was conducted with the approval of the Ethics Committee of
the Faculty of Medicine, Kyusho U ity, and written imf d consent
was obtained from the participant

[OGTT] and an interview covering both medical histories {includi

1988 2002

Results

1227 resedinis agod 40-79 i isnymma
according 10 the Wwn regisy

189 rewtdenis agod 40-T9 bn | lissyama
sccording 10 the lown regisry

The clinical charactenistics of the subjects
in 1988 and 2002 arc summarized in Table
1. Mean values of age, FPG, 2-h PG, and

3000 i screning euanmnaLn
(prticipation rase 77 07%)

173 unseveenad by OGTT:
B refumed OGTT, 43 afior
bk fom and 12 wbing

BMI were higher in 2002 than 1988, whereas
the frequency of men was not different be-

tween the populations.
To elucidate the relanionship between FPG

2387 in srocning eaaminaton
{panthcipation rate 2024

107 unsergoed by OGTT
K2 afler broakfau, 10
=t ik brg bevlins therapy snd

15 e i commplassts of
L] e and 2-h PG, we analyzed their interrelation-
129 taking orsl ships using the various regression models
Lo — ke i listed in Table 2, FPG values corresponding to

a 2-h PG of 11.1 mmolliter and R? values
were calculated for the combined populations

[ TAZD () .DAS e and | V76 wapen ) anabyred I [?,ﬂlu.lw men and | 414 » omen) snalyred ]

AG. 1. Flow diagram of the study
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TABLE 1. Clinical characteristics of subjects: the Hisayama
study in 1988 and 2002

[cem. endojournals. org 3427

Discussion
Wee ined the association between FPG and 2-h PG levels ina

1988 2002

(n=2421)  (n=2698) Pvalue
Age (y1) 57 (10) 59(11) <0.001
Men (%) 437 43.1 0.94
FPG (mmalfiter) 57(1.1) 6.0(1.0) <0.001
2-h PG (mmoWiter) 73(3.2) 7.7(3.1) <0.001
BMI (kg/m?) 230G.1) 233(3.3) <0.001

Values are means (i)

of 1988 and 2002. The R? value was larger for the quadraric re-
gression model, indicating that it is a better fit than the other models;
the relevant FPG pomt in this model was 6.3 mmolfiter.

Figure 2 depicrs the relationship between the FPG and 2-h PG in
1988 and 2002 considered separately. The quadratic model analyses
were still the best fir among the various mocdels for borh the 1988 and
2002 populations (dat notshown), with R* values of 64.0in 1988 and
61.3in 2002. The FPG pomnt corresponding toa 2-h PG of 11.1 mmol/
lirer was 6.2 mmollirer in 1988 and 6.3 mmoliter m 2002.

To confirm the cutoff point of FPG corresponding to the 2-h
PG of 11.1 mmol/liter, we plotred ROCcurves and calculated the
optimal cutoff points defined as the maximum combination of
sensitivity and specificity, and their area under the ROC curves
(Fig. 3). In the 1988 subjects, the corresponding FPG point was
6.2 mmolfliter. The sensitivity and specificity of this curoff point
were 81.2 and 88.7%, respecrively; and the area under the curve
was 91,0%, In the 2002 subjects, the cutoff point was 6.2 mmol/
liter; the sensitivity, specificity, and area under the curve were
77.9, 81.3, and 86.7%, respectively.

Finally, we performed a stratified analysis by sex, age, and
BMI levels in the combined population using both the quadraric
regression model and ROC analysis (Table 3). The FPG level
corresponding to the 2-h PG of 11.1 mmolfliter was slightly
higher in men than women by both the quadraric regression
model and ROC analysis. Higher FPG levels corresponding to a
2-h PG of 11.1 mmol/liter were observed in the younger age
groups in the quadranc regression model analysis. However, in
ROC analysis there was no association between age and FPG
level, The FPG level carresponding to a 2-h PG of 11.1 mmol/liter
increased with increasing BMI levels in both the quadratic re-
gression model and ROC analysis. However, even in subjects
with a BMI more than or equal to 30 kg/m?, the FPG curoff level
was still lower than the diagnostic critenion of 7.0 mmaolflirer.

general Japanese population attwo nme points separated by a 14-yr
interval, and using the quadratic model, which proved 1o be the best
fix for the data, demonstrated that the FPG level corresponding o
a 2-h PG of 11.1 mmolfliter, the gold standard for diagnosis of
diaberes, was 6.2 mmol/liter for the 1988 data and 6.3 mmol/liter
for the 2002 dara. The FPG points derived from the ROC analyses
corroborated these findings. It has been reported that the corre-
sponding FPG cutoff level by the quadraric model was 5.7 mmol/
liter in Chinese () and 6.3 mmol/titer in Taiwanese (10). Together
with the findings of these other studies, our results suggest that, in
relatively lean Asian populations, including the Japanese, the FPG
curoff level is clearly lower than the FPG value of 7.0 mmolfliter,
which is currently used in various diagnostic criteria for dia-
betes (1, 6), and that this situation did nor change over the course
of 14 yr in the Japanese population.

Although a merthod using FPG values corresponding to the gold
standard of 2-h PG lwds for diagnosis of diabetes has not yet been

blished, regression analysis appears to be a useful method for
detecting tthPchmﬂ value. Two previous epidemiological stud-
ies determined FPG cutoff points by analyzing the relationship be-
tween FPG and 2-h PG using linear or exponential models (14, 15).
Howevet, in our study the quadranic model showed the highest
positive correlation between FPG and 2-h PG, and, thus, was the
best-fitted model. This is ¢ with the fimdings of studies m
Taiwanese (9) and Chinese (10) populations.

The ADA recommends the use of the FPG instead of 2-h I'G
for diagnosing diabetes because it is difficulr to perform an
OGTT in rounne clinical practice (1). Thus, it is very imporrant
0 determine the appropriate FPG cutoff value for the diagnosis
of diabetes in different populations. The FPG of 7.0 mmol/liter
for diagnosing diabetes is based on several population studies
examining the relationship between the glycemic threshold and
diabenic retinopathy (1, 3, 4); however, oprimal curoff levels of
plasma glucose for defining diabetes depend on ethnicity. In a
Pima Indian study, the ROC curve analysis in a diabetic reti-
nopathy study identified the opumal FPG cutoff level as 6.8
mmolfliter (3). The National Health and Nutrition Examinarion
Survey [11 study of the U.S. population also reported that the
prevalence of retinopathy increased dramaucally at FPG levels of
6.7 mmol/liter (1), These findings were apparently confirmed by
asimilar study in Egypr (4), in which the opumal FPG cutoff level

TABLE 2. Relationship between FPG (Y) and 2-h PG () in various regression models for the combined population of 1988 and 2002

FPG corresponding to 2-h PG of
Model Equation 11.1 mmol/liter (mmaol/liter) R (%)
Quadratic ¥ = 0.0149%" — 0.102X + 5.621 6.3 62.3
Lingar Y = 0,243% + 4,024 6.7 51.8
Exponential Y = 271800RR 18 6.5 486
Power ¥ = 35120758 65 36.6
Loganthmic ¥ = 1,831 logX +2.277 6.7 356
LoglY) = 0.255 logX + 1.256 65 36.6
Log(Y) = 0.243 (logX)f® — 0.748 logk + 2.260 65 502
tnverse Y =7.265- 9416/ 6.4 2001
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higher 2-h PG concentrations (19, 20),
Thus, impairment of acute insulin response
may lead to a wide gap between FPG and 2-h
PG; in other words, moch lower FPG cutoff
levels correspond to the 2-h PG diagnostic
standard level. These findings might explain
why the FPG curoff level for the diagnosis of
diabetes is lower in Asian populations, in-
cluding ours, even in those with high BMI.

In the present study, the R* value in the
quadratic model and the sensitivity, speci-
ficity, and area under the curve in the ROC

analysis were all lower in 2002 than 1988,
Although this phenomenon was not clearly
understood, one possible reason may be that
individuals in 2002 had more diverse life-

n2 3 133

L] S5 1 167 12 8 33 0 is Wy 67
2-hour postload glucose (mmolT) I-hour postiond ghicose (mmell)
FG. 2. The relationship between FPG and 2-h PG by & 75-g OGTT in Hsayama residents aged 40-79 yr in
1588 (left paned) and 2002 (nght panel. Solikd fine the regs line by the b
regresson model

for detecting diabetic retinopashy was 6.9-7.2 mmol/liter. How-
ever, these three popularions 1ave higher BMI levels compared
with Asian populations. We previously reparted that although the
glycemic threshold of 2-h PG fer retinopathy in Japanese was 11.1
mmolliter, that of FPG was only 6.4 mmolliter (2). Other Asian
population studies have reported optimal FPG cutoff levels for ret-
inopathy ranging between 5.6 and 6.0 mmoliter (16, 17). These
findings suggest thar FPG cutof levels are lower in Asian popula-
tions than in other populations.

In our subjects the FPG cutoff levels corresponding to a 2-h
PG of 11.1 mmol/liter increased with increasing BMI levels.
However, even in subjects with a BM1 more than or equal ro 30
kg/m?, the FPG cutoff level using the quadratic model was 6.4
mmolfliter, much lower than the diagnostic criterion of 7.0
mmolfiter. It is not clearly understood why FPG cutoff levels
differ among ethnic groups, Jne possible explanarion is thar
the capacity for acute insulin response to glucose load may in-
fluence the FPG cutoff level. The acute insulin response is known
to be lower in Asian populations than other populations (18). In
same clinical studies, the loss of acute insulin response by so-
matostatin was associated with a marked impairment in the ini-
tial suppression of hepanc glucose production, which led o

198K
Lo

a
-

Fasting plassins ghucose=A 2 mmolf
Semitivity=0.8 1 0.6
Spectficay=0.89

Area under the curve=091

£ 0
=
; o4 o4

2002

Fanting plasma ghacose~6.3 mmol/l
Sensitiviry~0. T8

Specificay=0.81

Ares under the corve=087

styles compared with those in 1988, Never-
theless, it is noteworthy that the FPG cutoff
value corresponding to a 2-h PG of 11.1
mmol/lirer was simular in the two populations.

Two limitations of our study should be discussed. First, in our
study we determined the FPG cutoff level that corresponded to
a 2-h PG of 11.1 mmol/liter, the gold lard for the diagr
of diabetes, rather than that corresponding directly to diabetic
complicarions. However, our previous study showed thar the
glycemic threshold of FPG for retinopathy is 6.4 mmol/liter (2),
a result very similar o that of the present study. These findings
suggest that the quadratic model precisely predicts the relation-
ship between FPG and 2-h PG levels, making the FPG cutoff level
nearly as accurate as the 2-h PG level, as well as more useful in
clinical serrings. Second, it is known thar 2-h PG values ina 75-g
OGTT have lower reproducibility than FPG (21, 22). It might be
reasonable to propose FPG as the “gold standard.” However, in
the National Health and Nutnition Examanation Survey [11, 2-h
PG was more specific for diabetic retinopathy than FPG (1), In
several epidemiological studies, 2-h PG was also a stronger pre-
dicror of cardiovascular disease and rotal death compared with
FPG (23-27). In addition, a 2-h PG of 11.] mmolfliter was es-
tablished in some revised processes for the diagnosis of diabetes.
Based on these studies, then, a 2-h PG of 11.1 mmol/iter re-
mains the “gold standard.™ Nevertheless, rhe
present study found that two cross-sectional
populations in 1988 and 2002 had nearly
the same curoff FPG values. This suggests
that the high variability in 2-h PG values did
not invalidate the present findings.

In conclusion, we have shown that the qua-
draric regression model is best fitted for the
relationship between FPG and 2-h PG ina gen-
eral Japanese population. The FPG cutoff
level corresponding toa 2-h PG of 11.1 mmol/

02 02
liter was 6.3 mmol/iter, and this result did not
o 0 change over the course of 14 yr, Furthermore,

o o2 u4 (T ox (K] o oz 04 [0 UF ] L] A .
| s y ificit the FPG cutoff levels were higher in subjects
i sl with higher BMI levels. The findings of the

HG. 3. BOC curves for FPG for predicting the 2-h PG of 11,1 mmolter using 1588 Ueff) and 2002 (ngf) Gata sets. -
The amow thowes the cotima okl pord for debecting e 2 AG o6 11,7 defned i the pmsf nt study 1qgethdeir wn.h those of p‘tcvtnns
ex abetic by sug-

coxnbmation of sentty and specficty
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TABLE 3. FPG cutoff points comesponding to the 2-h PG of 11.1
mmolirter by quadratic regression model and receiver operating
curve analysis in the combined population of 1988 and 2002

Cutoff point defined  Cutoff point

by quadratic defined by
ey bysi ROC analyst
Factors No. (mmol/liter) (mmol/liter)
Sex
Men 2207 6.4 63
Women 2912 6.3 6.1
Age (yr)
40-49 1341 6.4 6.0
50-59 1569 6.4 6.2
60-69 1363 6.3 6.2
70-79 BaE 6.2 6.1
BMI (kg/m?)
<20 Bi8 6.1 59
20-249 2978 63 6.1
215-209 1192 6.3 62
=30 131 54 6.7

gest that in Asian populations, the FPG curoff level corresponding
to a 2-h PG of 11.1 mmolditer is lower than 7.0 mmal/liter, the
current diagnostic criterion for diabetes. Considering the growing
importance of the FPG test in screening for dinbetes, further inves-
nigations are required to clarify the optimal FPG cutoff level in Asian
and other ethnic populations.
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High-Sensitivity C-Reactive Protein and Coronary Heart
Disease in a General Population of Japanese
The Hisayama Study

Hisatomi Arima, Michiaki Kubo, Koji Yonemoto, Yasufumi Doi, Toshiharu Ninomiya,
Yumihiro Tanizaki, Jun Hata, Kiyoshi Matsumura, Mitsuo lida, Yutaka Kiyohara

Objective—The purpose of this study was 10 investigate the effects of high-sensitivity C-reactive protein (hs-CRP) on the
risks of coronary heart disease (CHD) in a general population of Japanese.

Methods and Results—The Hisayama study is a population-based prospective cohort study. A total of 2589 participants
aged 40 years or older were followed up for 14 years. Outcomes are incident CHD (myocardial infarction, coronary
revascularization, and sudden cardiac death). The median hs-CRP level was 0.43 mg/L at baseline. During the follow-up
period, 129 coronary events were observed. Age- and sex-adjusted annual incidence rates of CHD rose progressively
with higher hs-CRP levels: 1.6, 3.3, 4.5, and 7.4 per 1000 person-years for quartile groups defined by hs-CRP levels
of <0.21,0.21 10 0.43, 0.44 1o 1.02, and >1.02 mg/L, respectively (P<0.0001 for trend). The risk of CHD in the highest
quartile group was 2.98-fold (95% CI, 1.53 to 5.82) higher than that in the lowest group even after controlling for other

cardiovascular risk factors.

Conclusions—hs-CRP levels were clearly associated with future CHD events in a general population of Japanese, In
Japanese populations, the hs-CRP cut-off point for high-risk of future development of CHD is likely to be >1.0 mg/L,
which is much lower than that for Westemn populations. (Arferioscler Thromb Vasc Biol. 2008;28:1385-1391)

Key Words: inflammation m C-reactive prolein ® coronary heart disease m prospective cohort study
m general population

Cnrnn:try heart disease (CHD) is estimated to be one of
the leading causes of death in Japan as well as other
countries around the world, placing a burden on the community.!
Although the burden of CHD has been reduced in several
developed countries in the past few decades,” its incidence
rates have not declined in Japan.® Effective prevention will
require a strategy based on knowledge of the importance of
novel and traditional risk factors for CHD in Japan.

See accompanying article on page 1222

objective of the present analysis is (0 examine the relationship
between serum hs-CRP levels and fumure development of
coronary heat disease in a general population of Japanese.

Methods
Study Design and Participants

Since 1961, we have boen conducting a long-tevm prospective cohon
study of cardiovasculir disease in the town of Hisaynma, a suburb of
Fukuoka City in Southern Japan.*'* [n 1988, a screening survey for
the present study was performed in the town. A total of 2736

Recemtly, inflammation has emerged as an important factor in
atherosclerosis, and high-sensitivity C-reactive protein (hs-
CRP) has attracted clinical attention as a novel risk factor for
CHD. However. current knowledge of the importance of
hs-CRP as a risk factor for CHD is derived mainly from
studies done in Western populations,* ' and it is unclear to
what extent these findings apply to Japanese populations. The
Hisayama Study is a prospective cohort study of a general
Jupanese population. A previous report from the Hisayama
Study showed & positive association between hs-CRP levels
and the risks of ischemic stroke among Japanese men. ' The

idents aged 40 years or older (80.95% of the total population of this
age group) consented to participate in the examination.'*'* Afier the
exclusion of 102 subjects with a history of stroke or CHD and 45
subjects whose frozen blood samples were of insufficient quantity
for the measurement of serum hs-CRP, the remnining 2589 individ
uals were enrolled in this study.

The ethics commitiee of Kyushu Universily approved this study,
participants provided written informed consent, and the procedures
followed were in accordance with national guidelines.

Follow-Up Survey

The subjects were followed up prosy
N ber 2002 by d health ex
tion of the study hods has been publish

vely from December 1988 1o
jons. A detailed descrip-
i previously.*'3\% Tn
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brief, the health status of any subject who had not undergone a
regular examination or who had moved out of wwn was checked
yearly by mail or telephone. We also estiblished & daily Horing

were examined using a logistic regression model, with an estimated
odds mtic (OR) and 95% confidence joterval (95% CI), The

system among the study team and local physicians or members of the
lown's Health and Welfare Office. When o subject died, an autopsy
was performed at the Departments of Pathology of Kyushu Univer-
sity. During the follow-up period, 545 subjecis died, of whom 412
(75.6%) underwent wutopsy. Only ope purticipant was lost to
follow-up.

Outcomes
The primary outcome of the preseni analysiy was CHD. The eriteria
for a diagnosis of CHD included first-ever acute myocardial infarc-
tion (MI), silent M1, sudden curdisc death within | hour afler the
onset of acute illness. or coronary arery disease followed by
coronary artery bypass surgery or angioplasty.™'* Acute Ml was
diagnosed when o sutueu met at least 2 of the following criteria: (1)
lypu:u] yinp it d severs ior chest pain;
2) abpormal cardiac leymﬁ more than rwice the upper I.iawt of the
narmal range; (3) evalving di ic elec (ECG)
changes; (4) morphological cllnn]es including Iuni avynagy af
cardiac wall motion on echocardiography, u persistent perfusion
defect on candiac scinngrnphy or mynca:dml necrosis or scars >1

cm long panied by lerosis al Silent
Ml was defined as myut:animl scarring  without any  historical
indication of clinical p or ab I cardiac y

changes. The secondary outcomes of the presenl investigation were
deaths anributable to any cudluvmulur d:m (ICD-10'" codes

100-199). deaths uttrit lar disease, and
total deaths.

Risk Factors

Plasma glucoss levels were ined by the gl idl

method, and diabetes was defined by a 75-g oral glm,oaa tolerance
test and by fasting {(=7.0 mmol/L) or postprandial (=11.1 mmol/L)
blood glucose levels or by the use of hypoglycemic agents, Total
cholesterol, high-density lipoprotein (HDL) chol L. und triglye-
eride levels were determined enzymatically. Low-density lipoprotein
(LDL) chnieslmﬁ level was euummd using the Friedewald formula. '
lemin was defined as a serum cholesterol level of
5 69 mmolL or higher, Seram specimens collected at the time of
CRP measurement were stored mt —20°C until they were used in
2002. Serum hs-CRP levels were analyzed using s modification of
the Behring lntex-enhanced CRP assay on a BN-100 nephelometer
(Dade Behring) with a 2% interassay coefficient of variation. Sitting
blood p {BP) was d 3 umes at the right upper arm
using a sphygmomanometer after § minutes of rest; an average of 3
measurements was used for the analysis. Hypertension was defined
as BP levels of =140/90 mm Hg or current treatment with anthy-
pertensive agents. The waist ci was at the
umbilical level in a standing position. Height and weight were
measured in light clothes without shoes, and body mass index (BMI,
kg/m’) was calculated. Obesity was defined as o BMI of =25kg/m’.
ECG ab dities were defined as Mi n code 3-1 or 441,23,
Information on smoking habits, alcohol intake, n.nd physmj m:vlly
during leisure time was ined using a
Smoking habits and alcohol intake were classified as cither curreat or
not. Subjects engaging in sports or other forms of exerfion =3 times
a week during their leisure time made up a regular exercise group.
Metabolic syndrome was defined using criteria recommended in the
National Cholesterol Education Program Adult Treatment Panel 111
guideline’™ with a modification of abdominal obesity, which was
defined as a waist circumfereace =90 em in men and =80 cm in
women according to the Tntermational Obesity Task Force central
obesity criterin for Asin.'®

Statistical Analysis

We used quartiles of hs-CRP levels for the analysis of the effects of
hs-CRP on the risks of CHD. The contributions of relevant factors 1o
an elevated hs-CRP level, which was defined as the highest quartile,

id of CHD was estimated using Cox's
tional hazards model. The incidence rates were calculated by Ihe
person-year method and sisndardized for age and sex distribution of
the world standard populstion by the direct method using 10-year age
groupings. The sge- and sex-adj or multivari ljusted hazard
ratio (HR) and 95% C1 were estimated using Cox’s propoctional
hazard model. Comparison of the effects hs-CRP between partici-
pants with and without other cardiovascular risk factors was done,
and the probability value for homogeneity was estimated by sdding
on interaction term 1o the statistical model. All analyses were
performed using the SAS software package (SAS Institute).

Results

Among the 2589 participants, the median hs-CRP level was
0.43 mg/L, The baseline characteristics of the subjects by
hs-CRP quartile groups are shown in Table 1. Subjects with
higher hs-CRP levels were older and less frequently women.
The age- and sex-adjusied logistic regression analysis re-
vealed that hypertension (OR, 1.40; 95% CI, 1.16 to 1.69),
diabetes (OR, 1.67; 95% CL. 1.29 to 2.16), obesity (OR, 1.80;
95% CI, 1.47 w 2.22), hypercholesterolemia (OR, 1.32; 95%
CI, 1.09 o 1.60), metabolic syndrome (OR. 2.04: 95% CL
1.67 10 2.50), and smoking habits (OR, 1.96; 95% CI 1.56 to
2.47) were significantly associated with elevated hs-CRP
levels, which were defined as the highest quartile (>1.02
mg/L).

During the 14 years of follow up, 129 coronary events were
observed. The Figure shows the age- and sex-adjusied cumu-
lative incidence of CHD according to hs-CRP quartiles, The
cumulative incidence of CHD clearly increased with rising
hs-CRP levels. The age- and sex-adjusted incidence rates of
CHD according to hs-CRP quartiles are shown in Table 2.
The incidence rates rose progressively with higher hs-CRP
levels: 1.6, 3.3, 4.5, and 7.4 per 1000 person-years from the
first to the fourth quartile groups, respectively (£<<0.0001 for
trend), Table 2 also shows age- and sex-adjusted and multi-
variate-adjusted HRs and 95% Cls for the development of
CHD uccording to the hs-CRP quartiles. The risks of CHD
significantly increased with rising hs-CRP levels even after
controlling for age, sex, systolic BP, ECG abnormalities,
diabetes, BMI, total and HDL cholesterol, smoking habits,
alcohol intake, and regular exercise (P=0.0002 for trend).
The risk of CHD in the highest quartile group was signmifi-
cantly higher than that in the lowest group (multivanate-
adjusted HR. 2.98; 95% CI, 1.53 1o 5.82).

During the follow-up period, 545 participants died (158
died of cardiovascular disease and 387 died of noncardiovas-
cular disease). The age- and sex-adjusted total and cause-
specific morality rates are shown in Table 3. The age-and
sex-adjusted all-cause mortality rutes rose progressively with
higher hs-CRP levels (P<0.0001 for trend). The age- and
sex-adjusted and multivariate-adjusted HRs also increased
with rising hs-CRP levels even afier controlling for other risk
factors (Tuble 3: P<0.0001 for trend). When causes of death
were divided into cardiovascular and noncardiovascular dis-
eases, the relationship of hs-CRP to cardiovascular deaths
was stronger than that to noncardiovascular deaths,

Age- and sex-adjusted hazard ratios of hs-CRP (highest
versus lowest quartiles) for the development of CHD among
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Table 1. Baseine Characteristics by Quartiles of High-Sensitivity C-Reactive Protein
hs-CRP Levels, mp/L
=021 0.21 v 043 04410102 =102
{n=648) (n=647) (n=645) (n==649) P Trand
Age. ¥ 55(11) 38012 51 2012 <0.0001
Women, % 64 83 55 5 <0.0001
Systoiic blood pressure, mm Hg 128 (20) 132(22) 136 (21) 138 21) <0.0001
Diastolic blood pressure, mm Hg 76 (11) 78 (1) 79 (1) 79(12) <0.0001
Hypartension,” % 2 39 45 52 <0.0001
ECG abnormalities, % 15 15 16 18 o1
Diabetes, % 6 9 16 17 <0.0001
Waist, cm 774(8.5) 80.6 (9.0 83.8 (B.5) 83885  <0.0001
Body mass index. <g/m’ 203 30 403 1403 <0.0001
Total cholesterol, molL 521(1.02) 5.38(1.09) 54400.11) 5400113 0.002
Trigiycerides, mmai/L 1.15 0.99) 137pnz2 156 (1.71) 1480102 <0.0001
HOL cholestarol, mmal/L 1.38 (0.30) 1.34 [0.31) 1.27 (0.29) 1220300  <0.0001
LDL cholesterol, § mmoil. 330(1.01) 3410112 346 (1.14) 3.50 (1.09) 0.0009
Metabalic syndrome, % 1" 24 33 9 <0.0001
Currant smoker, % 19 20 26 kL) <0.0001
Currant alcohol use, % 2 27 kL1 33 0.006
Requiar exarcise, % 10 9 9 12 02

Values are means (S0) or frequencies.

hs-CAP indicates high-sensitivity C-reactive protein; ECG, electrocardiographic; HOL, high-density poprotein; LOL, low-density
Hpoprotein.

*Biood pressure =140/90 mm Hy or cument use of antihyperiansive agents.

TMinnesots codes 3-1 of 4-1.2.3.

Fasting glucose & =7.0 mmolL, postprandial biood glucose =11.1 mmolL, or current use of hypoglycemic agents.
0L cholesterol level was eslimated using the Friedewald formula.

major clinical subgroups defined by the absence or presence
of other cardiovascular risk factors are shown in Table 4,
There were comparable effects of hs-CRP on the rick of CHD
for participants who were and those who were not hyperten-
sive (P homogeneity=0.7L. Likewise. there were no clear
differences in the effects of hs-CRP for participants with and
without other cardiovascular risk factors such as diabetes,
obesity, hypercholesterolemia, metabolic syndrome, or smok-
ing habits (all » homogeneity >0.4).

disgase
§

hs-CRP lavels {mgiL)

e
g

e
2

o
8

Proporbon with coronary heart

=
2

Follow-up (years)

Figure. Age- and sex-adjusted cumulative incidence of coro-
nary heart disease according to quarliles of high-sensitivity
C-reactive protein. hs-CRP ndicates high-sensitivity
C-raactive protein.

Discussion

The present analysis demonstrated that serum hs-CRP levels
were clearly associated with future coronary events in a
general population of Jap The iation between
hs-CRP and CHD was strong and continuous down to very
low hs-CRP levels of less than 0.21 mg/L. These associations
remained strong even after controlling for age, sex, systolic
BP, ECG abnormalities, diabetes, BMI, total and HDL
cholesterol, smoking habits, alcohol inmke, and regular ex-
ercise, Purthermore, the effects of hs-CRP were comparable
for subjects with and without other cardiovascular risk factors
such as hypertension, diaberes, obesity, hypercholesterol-
emia, metabalic syndrome, and smoking habits.

Large-scale nested case-control studies have reported that
participants with incident CHD had higher levels of hs-
CRP.3#5-1! Likewise, lurge-scale cohort studies have clearly
demonstrated that hs-CRP levels predicted future coronary
events.”'? However, these studies were mainly conducted in
Western populations, and it is unclear to what extent these
associations apply to Japanese populations. The Honolulu
Heart Program has reported a clear association between
hs-CRP levels and the future development of CHD in a
population of Japanese Americans.® The present analysis
from the Hisayama Study confirmed the results from these
previous observational studies in a general population of
Japanese, finding that the relative risks of increasing hs-CRP
levels for the development of CHD were similar to those
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Table 2. Incidence Rates and Adjusted Hazard Ratios for Development of Coronary Hearl Disease According to Quartiles of

High-Sensitivity C-Reactive Protein
hs-CRP Lavels, mg/L
<021 0.21 to 0.43 0.44 o 1.02 =1.02

(n=H648) (n=647) (n=0645) (n=8649) P Trend
No. of events/person-years 11/8589 22/8297 36/8073 B0/7485
Crude incidence rate (per 1000 persor-years) 13 27 45 8.0
Age- and sex-adjusted Incidence “ate 16 33 45 74
(per 1000 person-years)
Age- and sex-adjusted hazard ratio (95% CI) 1 {reference) 1.75 (0.85 10 3.81) 2.55(1.30 10 5.02) 396 (2.07 to 7.57) <0.0001
Multhvarfate-adjusted hazard ratio” (95% CI) 1 (reference) 1.60{0.77 10 3.31) 1.87 (0.96 to 3.95) 2.98 (1,53 o 5.82) 0.0002

hs-CAP indicates high-sensitivily C-reactive protein; 96% CI, 95% confidence interval.
*Hazard ratios controlling for age, sex, systolic blood pressure, ECG abnormalities, disbetes, body mass index, tofal and HDL cholesterol, smoking habits, aicohal

Intake, and regular exercise.

obtained from other observational studies conducted in West-
em populations™'* or in 1 population of Japanese Ameri-
cans.® These findings suggest that hs-CRP is an important
risk factor for CHD smong Japanese as well as among
Westerners.

In the present analysis, Fs-CRP levels in Japanese (median
0.43 mg/L) were much lower than those in Western popula-
tions (median approximately 1.5 to 2.0 mg/L).*'** This is

C with the findings of other cross-sectional studies in
which Asian subjects had lower hs-CRP levels compared 10
Western subjects.?'-** The reason for this ethnic difference is
not clearly resolved, but genetic diversity has been reported to
influence hs-CRP levels.™ The relatively low BMI in Japa-
nese and differences in diet and lifestyle may also have
modulated hs-CRP leveis.® The Honolulu Heart Program
reported o median hs-CRP level of 0.54 mg/L among Japa-

Table 3. Mortality Rates and Adjusted Hazard Ratios for Total and Cause-Specific Deaths According to Quartiles of

High-Sensitivity C-Reactive Protein

hs-CRP Lavels, mgiL
<0.21 0.21 fo 0.43 0.44 to 1.02 =1.02
(n=648) (n=647) (n=545] (n=5649) P Trend
Total deaths
No. of evanis/person-years Ta/B624 106/8365 143781681 21717626
Aga- and sex-adjusted mortality rate 127 152 184 235
(per 1000 parson-years)
Age- and sex-adjusted hazard ratio 1 (reference) 1.08 (0,81 1o 1.45) 1.30 (0.99 10 1.72) 1.80 (139 t0 2.34) <0.0001
(85% CI)
Multivariate-adjustad hazard ratio” 1 {reference) 1.13 (0.84 1o 1.51) 1.41 (1.06 to 1.87) 1.85(1.41 10 2.43) <0.0001
(95% C1)
Cardiovascular deaths
No. of events/person-years 16/6624 28/8365 4778181 677626
Age- and sex-adjusted mortality rate 23 a7 8.0 7.2
(per 1000 person-years)
Age- amd sex-adjusted hazard ratio 1 (referance) 1.38 (0.75 to 2.55) 2.15(1.22 to 3.80) 2.77 (1.80 to 4.80 <0.0001
(86% CI
Multivariate-adjusied hazard ralio™ 1 (reference) 1.40 (0.75 to 2.60) 2.28(1.27 to 4.09) 3.00(1.70 to 5.28) <0.0001
(95% C1)
Noncardiovascular deaths
Nao. of events/person-years 63/8624 TH/BIGS Se/at1E 150/T628
Age- and sex-adjusted mortality rate 10.5 115 129 16.4
(per 1000 person-years)
Age- and sex-adjusted hazard ratio 1 (reference) 1.00 (0.72 1 1.40) 1.09 (0.78 10 1.50) 1.55(1.1510 2.08) 0.0004
(95% C1)
Multivanate-adjusted hazard ratio® 1 (reference) 1.06 {0.76 to 1.48) 118 (0.85 to 1.64) 1.56 (11410 213) 0.001
(95% Ci)
hs-CAP indicates high-sensitivity C-reactive protein, 95% C, 95% confidance Imerval.

*Hazard ratios controllirg for age, sex, systolic blood pressure, ECG abnormalities, diabetes, body mass index, total and HOL cholesterol, smoking

fabits, slcohol intake, and regular exarcise
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Table 4. Age- and Sex-Adjusted Hazard Ratios of High-Sensitivity C-Reactive Protein (Highest vs Lowest
Quartiles) for Development of Coronary Heart Disease Among Major Clinical Subgroups Defined by the
Absence or Presence of Other Cardiovascular Risk Factors

No. of Events/Person-Years

Highest Quartile Lowest Quartila Hazand Ratio*
(he-CAP>1.02 mg/L) (hs-CRP<0.21 mg/L) (95% G P Homogeneity
Hypertensiont
Absant 18/3843 6/6224 3.18(1.25108.08) 0.7
Present 42/3643 5/2365 4.27 (1.68 1o 10.82)
Diabetest
Absent 45/6276 98122 373(1.81107.68) 07
Present 15/1210 2/467 284 (06510 12.43)
Obesity§
Absent 4555113 107412 363(1.81107.26) 0.7
Present 15/2973 w7 542 (0.71 10 41.35)
Hypercholesterolamial|
Absant 3204448 5/5975 4.74(1.8310 12.26) 0.4
Present 28/3037 6/2614 2.83(1.16 o 6.88)
Metabolic syndromey
Absent 2714340 717068 33414410 7.75) 1.0
Present 2012631 iz 231 (1.00 10 10.82)
Current smoking
Absent 34/4910 87030 3.38(161107.15) 05
Present 26/2576 211558 594 (1.40102512)

hs-CAP Indicates high-sensitivity C-reactive protein; 95% Ci, 95% confidence imerval,

"Hazard ratios for the highest vs the lowest quartile of high-sensithvity C-reactive protein.

tBlood pressure =140/90 mm Hg or current use of antihypertensive agents.

#Fasting glucose =7.0 mmolL, postprandial blood glucose =11.1 mmolL. or current use of hypoglycemic agents.

§Body mass index =25kg/m’.
[Total cholesterol =5.60 mmolL.

fDefined by the modified National Cholesterol Education Program Adult Treatment Panel Il criteria

nese Amencans without CHD.* which was lower than that of
Western populations but higher than that obtained from the
present analysis. These findings suggest thut lower hs-CRP
levels among Asian populutions are derived from differences
in genetic factors as well as differences in BMI, diet, and
lifestyle.

Another important finding obtained from the present anal-
ysis is that the association between hs-CRP levels and CHD
was continuous from very low hs-CRP levels and that a
slightly elevated hs-CRP level of more than | mg/L was
clearly associated with increased risk of future coronary
events in Japanese. Similar findings were obtained from the
Honolulu Heart Program. whose subjects were Japanese
American. A low cut-off point of hs-CRP (<1 mg/L) has
also been suggested as the target of lipid lowering therapy
with statin for maximum reduction of recurrent coronary
events or deaths among Western patients with acute coronary
syndrome.** These findings imply that the association
between hs-CRP and CHD are likely to be continuous down
to very low hs-CRP levels among Asian as well as Western
subjects. The American Heart Association and the Centers for
Disease Control have recommended categorizing subjects
using hs-CRP cut-off points of <1, 1 to 3, and >3 mg/L into
low-, average-, and high-risk categories, respectively, based
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mainly on the g5 € d from studies done in Western
populations.® Among Asian subjects whose hs-CRP levels
are much lower than those of Western subjects, however, an
hs-CRP level of =1 mg/L is likely to be the cut-off point for
the high-risk category.

In the present analysis, the effects of hs-CRP on the risks
of fumure coronary events were independent of other cardio-
vaseular risk factors and did not differ between participants
with and those without traditional risk factors such as
hypertension, diabetes, obesity. hypercholesterolemia. meta-
bolic syndrome, or smoking habits. These results suggest that
measurement of hs-CRP is likely to provide additional
information for the detection of high-risk individuals among
subjects without traditional risk factors as well as for the
derection of extremely high-risk individuals among those
with traditional risk factors. This finding is consistent with
other observational studies suggesting that inclusion of hs-
CRP into risk prediction models improves the accuracy of
cardiovascular risk classification.'3?

Several limitations of our study should be discussed. The
primary limitation is that we estimated the cut-off point of
hs-CRP for detection of high-risk subjects based on analysis
using quartile groupings despite conti relationship
between hs-CRP and the risks of CHD. The cut-off point




1390 Arterioscler Thromb Vasc Biol July 2008

could change depending on the way of grouping the subjects
or on the way of selecting the reference group. Given that this
limitation might have overestimated the cut-off point, the true
cut-off point for detection of high-risk subjects may be lower
than 1 mg/L. A second limitation is that our findings are
based on a |-time measurement of serum hs-CRP, which may
not accurately reflect the status of a study participant.
However, this source of variability could not account for the
relationship observed in the p study, b a rand
misclassification of such nature would tend to underestimate
study findings and bias the results toward the null hypothesis.
Thus, the true association may be stronger than that observed
in our study. A third limitation is that the serum samples were
measured after being stored at —20°C for a long period.
However, the Reykjavik Study confirmed the stability of CRP
concentrations in serum preserved at this temperature for an
average of 12 years.'" The lust limitation is that our study
lacked information on drug use at buseline and during the
follow-up period. It is known that several medications,
including statin, angiotensin-converting enzyme inhibitors,
fibrates, niacin, thiazolidinedione, and estrogen/progestogen
hormone can alter CRP levels.®* However, these medications
were rarely used in Japan in 1988, when the serum samples
for our study were collected. This suggests that such s bias
did not invalidate the present findings. It is also known that
some medications have been shown to be beneficial for
prevention of CHD, and high-risk individuals with higher
hs-CRP levels were likely to receive these medications.
Given that this limitation might have underestimated the
association between hs-CRP and CHD, the true association
may be stronger than that obtained from the present analysis.

In conclusion, the present analysis has clearly demon-
strated that hs-CRP levels were associated with future coro-
nary events in a general population of Japanese, In Japanese
populations, the hs-CRP cut-off point for high-risk of future
development of CHD is likely to be >1.0 mg/L, which is
much lower than that for Western populations. High-risk
approaches for the prevention of CHD using hs-CRP mea-
surement are likely to provide additional protection against
the burden of CHD in Japan.
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