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A#m: The Framingham risk score (FRS) is one of the standard tools used to predict the incidence of
coronary heart disease (CHD). No previous study has investigated its efficacy for a Japanese popula-
tion cohort. The purpose of this study was to develop new coronary prediction algorithms for the
Japanese population in the manner of the FRS, and to compare them with the original FRS.
Methods: Our coronary prediction algorithms for Japanese were based on a large population-based
cohort study (Suita study). Study subjects comprised initially 5,886 healthy Japanese. They were fol-
lowed-up for 11.8 years on average, and 213 cases of CHD were observed. Multiple Cox propor-
tional hazard model by stepwise selection was used to construct the prediction model.

Results: Our coronary prediction algorithms for Japanese patients were based on a large population-
based cohort study (the Suita study). The study comprised 5,886 initially healthy Japanese subjects.
They were followed-up for 11.8 years on average, and 213 cases of CHD were observed. A multiple
Cox proportional hazard model by stepwise selection was used to construct the prediction model.
The C-statistics showed that the new model had better accuracy than the original and recalibrated
Framingham scores. The net reclassification improvement (NRI) by the Suita score with the inclu-
sion of CKD was 41.2% (P<0.001) compared with the original FRS. The recalibration of the FRS
slightly improved the efficiency of the prediction, but it was still worse than the Suita score with the
CKD model. The calibration analysis suggested that the original FRS and the recalibrated FRS over-
estimated the risk of CHD in the Japanese population. The Suita score with CKD more accurately
predicted the risk of CHD.

Conclusion: The FRS and recalibrated FRS overestimated the 10-year risk of CHD for the Japanese
population. A predictive score including CKD as a coronary risk factor for the Japanese population
was more accurate for predicting CHD than the original Framingham risk scores in terms of the

C-statics and NRI.
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Introduction

The Framingham Heart Study identified the
classic risk factors for coronary heart disease (CHD)?,
and it developed multivariable predictive instruments,
which enable clinicians to estimate the 10-year indi-

vidual risk of developing CHD? ?. These findings



have also been widely adopted in clinical guidelines®?.
However, the FRS cannot be generalized for other
populations, since 99% of the Framingham cohort
participants were Caucasian”. For example, the use of
the FRS in some other populations resulted in an
overestimation of the CHD risk®®.

There has been relatively little attention paid to
the validity of the FRS in the Japanese population,
which constitutes a unique population in many
aspects, with a markedly lower incidence of CHD
than Western populations”. To our knowledge, no
previous Japanese cohort study has been performed to
evaluate the original and recalibrated FRS.

Several Japanese cohort studies developed risk
prediction tools for Japanese patients. The NIPPON
DATA 80 prediction tool has been used as the stan-
dard prediction tool in Japan'?, and has been adopted
by some clinical guidelines for the stratification of risk
in Japanese subjects'”. However, the NIPPON DATA
80’s outcome measure was coronary death, not the
" incidence of CHD. The Hisayama study predicted a
composite outcome of stroke and CHD'?. Noda’s
prediction score also applied to cardiac mortality™.
The JALS study group developed a prediction tool for
acute myocardial infarction (AMI), but their Fredl(}
tion period was relatively short (five years)'. The
JMS-cohort study chart was also targeted for AMI,
but the population was limited to rural residents'?.
These tools are all associated with some advantages
and disadvantages. However, additional tools for the
prediction of CHD are needed that can accurately
assess the risk of the longer-term incidence of CHD in
the Japanese population.

In this context, we have developed a new algo-
rithm, named the Suita Score, for predicting the

10-year probability of developing CHD, which is
based on the findings of a large population-based
cohort study performed in an urban area in Japan.

Furthermore, chronic kidney disease (CKD) has
recently been advocated as an independent risk factor
for CHD, and patients with CKD tend to possess
multiple CVD risk factors, and thus represent a major
“public health problem'®'”. A recent CHD risk assess-
ment tool based on 2.3 million patients, the QRISK2,
included CKD as a necessary component for the risk
prediction'®. Moreover, CKD patients tend to have
an underestimated CHD risk based on the FRS'™. In
addition, we previously reported that CKD leads to an
increased risk of both MI and stroke?®. Hence, the
objective of this study was;

1) To incorporate established classic coronary risk
factors into newly developed coronary prediction algo-
rithms for the Japanese population,

2) To compare the discriminatory properties of
this approach with those of the original and recali-
brated FRS

Methods

Populations

The Suita study, a cohort study of urban resi-
dents in Japan, was started in 1989. It was based on a
random sampling of 12,200 Japanese residents living
in Suita. As a baseline, participants between the ages
of 30 and 79 years of age were randomly selected from
the municipality population registry in 1989. Of
these, 6485 males and females underwent regular
health checkups between September 1989 and March
1994. The subjects have continued to visit the
National Cerebral and Cardiovascular Center NCVC)
every two years for regular health checkups®?9. A
total of 1,546 subjects were excluded from the study
based on a past history of CHD or stroke, non-fasting
blood collections, missing data or because they were
lost to follow-up. The data from the remaining 5,866
participants (2,788 males and 3,078 females) were
used for the analyses. This cohort study was approved
by the Institutional Review Board of the National
Cerebral and Cardiovascular Center.

Baseline Examinations

Blood samples were collected after the partici-
pants had fasted for at least 10 hours. The samples
were centrifuged immediately, and a routine blood
examination was performed that included the serum
total cholesterol (TC), high density lipoprotein cho-
lesterol (HDLC), triglycerides (TG), serum creatinine
(Cre) and fasting blood glucose (FBG) levels. The
blood pressure was measured three times on the right
arm after five minutes of rest by well-trained physi-
cians using a standard mercury sphygmomanometer.
The average of the second and third measurements
was used for the analyses. Public health nurses
obtained information on the smoking and drinking
habits and medical histories. To ensure comparability
with the FRS, the categorization of the BP, diabetes,
TC and HDL-C in this study were done in accor-
dance with the criteria used in the FRS model3. DM
was defined as an FBG level 2 7.0 mmol/L (126 mg/
dl) and/or current use of anti-diabetic medication.
Cigarette smoking was dichotomized as current versus
non-current. The LDL-C was determined by the Fre-
idewald equation.

Definition of CKD
The serum Cre level was measured using the
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noncompensated kinetic Jaffe’ method. The estimated
glomerular filtration rate (¢GFR) of each participant
was calculated from Cre value and the age, using the
MDRD equation below, modified with the Japanese
coefficient (0.881)

eGFR (ml/min/1.73 m2)=0.881%186%age™"20%*
Cre™ 1% (for males)

eGFR=0.881*186%age"¥*Cre™1°%*0.742 (for
females).

The CKD stage was defined by the K/DOQI
clinical practice guidelines?®. CKD was categorized
into Stage 3 CKD (eGFR 30-60 ml/min/1.73m?) and
Stage 4 or 5 CKD (eGFR<30 ml/min/1.73m?).

Endpoint Determination

The follow-up method used in the Suita study
has been reported previously”®?%. The endpoints for
the current follow-up study were: (1) the date of the
first diagnosis of CHD (2) the date of death, (3) the
date when the subject left Suita or (4) censoring by
December 31, 2007.

The first step in the survey for CHD involved
checking the health status of all the participants at
clinical visits carried out every two years, and by yearly
questionnaires sent by mail or conducted by tele-
phone. The second step involved the review of in-hos-
pital medical records of participants who were sus-
pected to have developed CHD. The criteria for defi-
nite or probable acute myocardial infarction were the
same as the criteria used for the MONICA project™.

In order to complete the surveillance for fatal
MI, we also conducted a systematic search of death
certificates. In addition to acute myocardial infarction,
the criteria for a diagnosis of CHD included sudden
cardiac death within 24 hours after the onset of acute
symptoms, or CHD followed by coronary artery
bypass or angioplasty.

Statistical Analysis

First, we evaluated the validity of categorical vari-
ables in the Suita Score to compare them with the
original FRS®. Then, we conducted a multiple Cox
proportional hazard model using the same categories
as those in the FRS. Subsequently, we developed a
new CHD risk score for Japanese subjects based on
the Cox model for the Suita cohort. Other risk factors
were calculated using the same categories as the FRS.
A stepwise selection with a p-value of 0.1 for backward
elimination was used to select the best predictive
model.

After selection of the best Cox model, we fitted
the hazard functions developed by the Framingham
investigators from the previously published data® for
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predicting the 10-year probability of developing CHD
in the Suita cohort. The probability function was:
P=1-S(t) *exp(X, M); fiX, M)=B1*Xi-M1)+ . ..
+ B (Xn—Ma),

where S(t) is the survival rate for the mean values
of the risk factors at 10 years in the Suita scudy; 1. ..
fBn are the regression coefficients of the Cox model (8)
shown in Table 3 ; X1 . . . X represent the individual
risk factor values of each study participant and M1 . . .
M are the mean values of the risk factors in the Suita
cohort. In the recalibrated Framingham functions, the
coefficients were taken from the Framingham Cox
model, but the mean values from the Suita cohort
were used for the risk factors and the mean incidence
rates®,

Discrimination and calibration were used to eval-
uate the predictive capabilities of the models. We eval-
uated the discriminartory ability of this model by com-
paring the means of the C-statistics and Bayesian
information criteria (BIC). Furthermore, we measured
the model improvement as indicated by the clinical
reclassification of the FRS by the Suita Score, which is
considered to be more important indicator for predic-
tive ability using the net reclassification improvement
(NRI)?. Since the inclusion of a new biomarker in a
prediction tool , such as the FRS, minimally improves
the predictive ability, the evaluation based on the NRI
is considered to be a valid approach for evaluating the
new biomarker®. The NRI measures the reclassifica-
tion of people from one risk category to another
resulting from the addition of the new risk factor to a
prediction model with established risk. If all of the
people end up in a more correct risk class based on the
model with the new marker, the NRI is positive. We
calculated the category-free NRI?O.

The third approach was calibration, which mea-
sured how closely the predicted risk fit the actual risk.
The Suita participants were divided into quintiles of
10-year CHD risk predicted by the Suita score func-
tions, the original Framingham functions and the
recalibrated Framingham functions®. The predicted
and actual risk in each quintile were compared, and
the differences were assessed by the Hosmer-Leme-
show chi-square tests. The SAS software program, ver-
sion 9.3. (SAS Institute Inc), and the STATA software
program, version 12 (STATA Corp LP), were used for
all of the statistical analyses.

Results

Population Characteristics
The number of person-years studied consisted of

75,776 (34,480 for males and 41,296 for females),



Table 1. Population characteristics of the study cohort

Males Females
(n=2796) (n=2725)

Age (years, mean = SD) 56.1%13.3 54,5+12.9
DM (%) 6 5.8
Current smoker (%) 49.67 11.91
Blood pressure (mmHg, %)

Optimal (SBP<C120, DBP < 80) 30.74 41.68

Normal (SBP<130, DBP<85) 19.31 17.30

High normal (SBP <140, DBP < 90) 17.98 15.69

Stage T HT (SBP<(160, DBP<100) 20.39 15.94

Stage 1T to IV HT (SBP <160, DBP 2 100) 11.59 9.40
Total cholesterol (mg/dl, %)

<160 10.12 6.88

160-199 39.75 30.52

200-239 37.41 39.60

240-279 10.98 18.51

> 280 1.74 4.49
LDL cholesterol (mg/dl, %)

>130 55.54 45.78

130-159 28.19 30.86

>160 16.26 23.34
HDL cholesterol (mg/dl, %)

<35 11.40 3.28

35-44 28.71 16.36

45-49 15.87 12.25

50-59 23.82 29.95

2 60 20.20 38.14
Creatinine (mg/dl, mean*SD) 0.91%0.21 0.69+0.22
e¢GFR (mean + SD) 64.7%24.9 90.6+29.3
CKD (2 Stage 3) (%) 46.2 11.3

LDL, Low-density lipoprotein; HDL, high-density lipoprotein;
eGFR, estimated glomerular filtration rate (ml/min/1.73 m?); CKD, chronic kidney disease; HT, hypertension
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Fig.1. The absolute risk difference of the Fram-
ingham cohort and Suita Study cohort

The Framingham cohort data were adopted from Wil-
son’s study

CHD, coronary heart disease; PY, person-years;
Framingham(T), total Framingham cohort;
Framingham(M), Male Framingham cohort;
Framingham(F), Female Framingham cohort;
Suita(T), total Suita cohort; Suita (M), Male Suita
cohort; Female Suita (F), Suita cohort



Table 2. The multivariable-adjusted hazard ratios for coronary heart discase based on the FRS categories

MALES
Variable Relative Risk P-value 95% C1 Framingham Cohort
Age,y 1.07 <0.001 1.05-1.09 1.05
TC, mg/dl

<200 Reference

200-239 1.30 0.172 0.89-1.88 1.31

> 240 2.15 0.001 1.38-3.34 1.9
HDL-C mg/dl

<35 2.06 0.001 1.37-3.10 1.47

35-59 Reference

> 60 : 0.67 0.103 0.42-1.08 0.56
Blood Pressure

Normal (including optimal) Reference

High normal 1.52 0.104 0.92-2.51 1.31

Stage I hypertension 2.24 <0.001 1.45-3.46 1.67

Stage I hypertension 2.34 0.001 1.41-3.86 1.84
Diabetes (y/n) 1.39 0.234 0.81-2.40 1.5
Smoking 1.25 0.193 0.89-1.76 1.68
CKD 1.34 0.109 0.94-1.92 N.A
FEMALES
Variable Relative Risk P-value 95% CI Framingham Cohort
Age, y 1.10 <0.001 1.07-1.13 1.04
TC, mg/dl

<200 Reference _

200-239 0.58 0.097 0.30-1.10 1.51

> 240 - 1.38 0.272 0.78-2.46 1.72
HDL-C mg/dl

<35 1.94 0.102 0.88-4.31 2.02

35-59 Reference

> 60 1.04 0.881 0.61-1.79 0.58
Blood Pressure

Normal (including optimal) Reference

High normal 1.60 0.222 0.75-3.38 1.3

Stage I hypertension 1.82 0.089 0.91-3.61 1.73

Stage I hypertension 3.86 <0.001 1.99-7.48 2.12
Diabetes (y/n) 2.59 0.013 1.23-5.49 1.77
Smoking 3.22 <0.001 1.74-5.97 1.47
CKD 1.38 0.247 0.80-2.40 N.A

FRS, Framingha.m risk score; All variables were adjusted for all FRS variables by a Cox proportional hazard model. CKD, chronic kidney

disease; 95% CI, 95% confidence interval; N.A, not available

with a mean follow-up period of 11.8 years. During
the follow-up period, there were 213 incidents of
CHD. The population characteristics are summarized
in Table 1. The univariate Cox regtession analysis
indicated all variables in FRS were statistically signifi-
cant (data not shown).

Fig. 1 depicts the difference in the absolute risk
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for CHD between the Framingham cohort and Suita
study cohort. The crude incidence rate of CHD in the
original Framingham cohort was 8.94 per 1000 per-
son-years, while that of the Suita cohort was 2.81 per
1000 person-years. The risk of developing CHD is
nearly one-third of both the males and females in this
Study COhOrtA



The results of the multple Cox proportional
hazard model using the same categories as those used
in the FRS are shown in Table 2. All hazard ratios
(HRs) of categorical hypertension were higher than
those of the original FRS. The HRs of smoking and
DM for females were also higher than those of the
original FRS (2.59 and 3.22, respectively). The HR of
a TC berween 200 and 239 for females was 0.58,
which was lower than that of the FRS. The HRs of
other variables were similar to those of the original

FRS.

Prediction Model Development and the Simplified
Prediction Model for Clinical Use

Table 3 shows the best Cox model for the Suita
cohort selected by a stepwise method with the total
cholesterol categories. (TC Suita score) The multivari-
able adjusted HR for the association between CHD
and Stage 3 CKD was 1.39 and that for Stage 4 and 5
CKD was 3.72, respectively. The HRs of the other
predictors were similar between the with CKD and
without CKD models.

Table 4 shows the best Cox model for the Suita
Score with CKD according to the cut-off levels of
LDL-C and HDL-C proposed in the Japan Athero-
sclerosis Society (JAS) Guidelines for the Prevention
of Atherosclerotic Cardiovascular Diseases 2012'% 31
(LDL Suita Score). For convenient clinical use, we
developed prediction sheets based on the TC and LDL
Suita Scores (Table 5). The beta coefficients corre-
sponding to the Cox model were multiplied 10 times
for categorical covariates and were rounded. For the
age category, the midpoint of each category was multi-
plied by the B coefficients in Table 4, and then multi-
plied 10 times. We added all these values correspond-
ing to each individual risk, divided the number by 10,

and then the corresponding probability of CHD was

calculated from the equation: P=1~S(¢)*exp((sum of
the points)/10) where S(t) is the baseline survival
function of the Suita cohort.

The C-statistics of the LDL Suita Score with
CKD in Table 4, which corresponded to the AUC of
the Cox proportional hazard model, was 0.831. This
was very similar to the TC Suita Score shown in Table
3, which had a C-index of 0.835 (Table 6a). The like-
lihood ratio test was not conducted, since the categor-
ical variables were different and these two models were
not nested. The NRI between TC Suita Score with
CKD and the LDL Suita Score with CKD was not
significant (P=.0.256; Table 6b). These findings sug-
gest that the two models predict CHD with similar
efficiency.

Validation of the Inclusion of CKD

The C-static of the Suita Score without CKD
was slightly lower than the Suita Score with CKD
(0.835 vs. 0.833). The comparison between the TC
Suira Scores with and without CKD suggested that
the addition of CKD improved the risk classification
of CHD by 40%. This suggested that the inclusion of
CKD in the risk prediction tool improves the predic-
tion of the development of CHD, making it a2 more
appropriate predictive tool.

Comparison of the Suita Score and Framingham
Risk Scores

Table 7a shows the model fit, C-statistics and
BIC of the Cox regression for the TC Suita Score, the
original FRS and the recalibrated score for the mean
value of ecach of the covariates. The TC Suita Score
with CKD showed the best goodness-of-fit by the
likelihood ratio test, and the C-statistics of the TC
Suita Score with CKD were also the highest. The BIC
was the lowest for the TC Suita Score with CKD,
which supported its better predictive ability. The
C-statistics were not changed by the recalibration of
the FRS. The C-statistics of the recalibrated FRS were
still smaller than the T'C Suita Score with CKD.

The results of the clinical reclassification mea-
sured by the NRI are shown in Table 7b. The NRI for
the TC Suita Score with CKD compared to the origi-
nal FRS was 46.8% (P<0.001). In both the CHD
and non-CHD groups, the risk categories tended to
be increased by the TC Suita Score with CKD. The
NRI between the TC Suita Score with CKD and the
recalibrated model was lower (25.4%), but the differ-
ence remained significant (P=0.003). These associa-
tions also held for the TC Suita Score without CKD,
the FRS and the recalibrated FRS.

Fig. 2 depicts the actual and predicted probabili-
ties of the 10-year risk of cardiac events by calibration.
The FRS consistently overestimated the cardiac events
in all quintiles. The overall 10-year calibration of the
FRS and recalibrated FRS were worse than the TC
Suita Score with CKD as determined by the Hosmer-
Lemeshow chi-square test (both »<0.001). The larg-
est difference between the actual rate and the pre-
dicted rate after recalibration was 13.9% (in the fifth
quintile in males), compared with the difference of
14.5% for the FRS. The difference between the actual
probability and the TC Suita Score with CKD was not
significant (P=0.18). The TC Suita Score with CKD
model underestimated the risk of CHD in the fourth
quintile, but the difference was only 2.2%. These
findings consistently indicated that the FRS overesti-
mates the CHD risk in the Japanese population.
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Table 3. The Cox regression coefficients for the Suita cohort adjusted for the original FRS variables
(TC Suita Score)

3a. TC Suita Score with CKD

B HR P-value 95% CI

Age, years 0.0766382 1.08 <0.001 1.06-1.10
Female -0.5866078 0.56 0.001 0.39-0.78
Smoking 0.4865127 1.63 0.002 1.20-2.21
DM 0.4557071 1.59 0.042 1.02-2.45
Blood Pressure

Optimal -0.7183575 0.49 0.003 0.31-0.78

Normal and high normal Referent Reference Reference Reference

Stage I hypertension 0.3330895 1.40 0.055 0.99-1.96

Stage II hypertension 0.59332684 1.81 0.002 1.25-2.63
TC (mg/dl)

<160 -1.112393 0.33 0.008 0.14-0.74

160-239 Referent Reference Reference Reference

240-279 0.5110573 1.67 0.003 1.19-2.32

Over 280 0.8511397 2.34 0.002 1.36-4.04
HDL(mg/dl)

<35 0.6173452 1.85 0.001 1.27-2.71

35-50 Referent Reference Reference Reference

50-59 -0.5096169 0.60 0.008 0.41-0.87

Over 60 -0.4322771 0.65 0.022 0.45-0.94
CKD

Stage 3 0.3278965 1.39 0.035 1.02-1.88

Stage 4 or 5 : 1.315004 3.72 0.005 1.48-9.38
3b. TC Suita Score without CKD

B HR P-value 95% CI

Age, years 0.0806456 1.08 <.0001 1.07-1.10
Female -0.7401036 0.48 <.0001 0.35-0.66
Smoking 0.4527364 1.57 0.004 1.16-2.14
DM 0.424255 1.52 0.059 0.98-2.37
Blood Pressure

Optimal -0.7017837 0.50 0.004 0.31-0.79

Normal and high normal Referent Reference Reference Reference

Stage T hypertension 0.3607005 1.43 0.037 1.02-2.01

Stage II hypertension 0.6305927 1.87 0.001 1.30-2.72
TC (mg/dl)

<160 -1.073273 0.34 0.010 0.16-0.78

160-239 Referent Reference Reference Reference

240-279 0.5408852 1.71 0.001 1.23-2.40

Over 280 0.8678275 2.38 0.002 1.38-4.10
HDL(mg/dl)

<35 0.6742382 1.96 <.0001 1.35-2.86

35-50 Referent Reference Reference Reference

50-59 -0.5011838 0.61 0.009 0.44-0.93

Over 60 —0.4464421 0.64 0.018 0.15-0.93

CKD, chronic kidney disease; TC, total cholesterol; LDL, low density lipoprotein; 95% CI, 95% confidence
interval; CKD, chronic kidney disease; HR, hazard ratio; all other abbreviations are the same as in Table 1. The
gender difference was incorporated into the model as a covariate to improve the predicrability of the model.
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Table 4. The LDL Suita Scare with CKD model according to the JAS Guideline 2012 LDL/HDL
cut-off (n=5,727) (LDL Suita Score)

4a. The LDL Suita Score with CKD

B HR P-value 95% Cl

Age, years 0.0760078 1.08 <0.001 1.06-1.10
Female -0.6619839 0.52 <0.001 0.36-0.74
Smoking 0.5031949 1.65 0.002 - 1.20-2.28
DM 0.5533678 1.74 0.031 1.05-2.88
Blood Pressure

Optimal —0.6763825 0.51 0.005 0.32-0.82

Normal and high normal Reference Reference Reference Reference

Stage I hypertension 0.4189501 1.52 0.019 1.07-2.16

Stage I hypertension 0.5935986 1.81 0.001 1.22-2.68
LDL (mg/dl)

<100 Reference Reference Reference Reference

100-140 0.5319015 1.70 0.039 1.03-2.81

140-160 0.6837867 1.98 0.015 1.14-3.43

160-180 1.021015 2.78 <0.001 1.57-4.91

Over 180 1.128479 3.09 <0.001 1.69-5.66
HDL(mg/dl)

<40 : Reference Reference Reference Reference

40-59 —-0.4730423 0.62 0.005 0.45-0.87

2 60 —0.5822414 0.56 0.007 0.37-0.85
CKD

Stage 3 0.2893668 1.34 0.071 0.98-1.83

Stage 4 or 5 1.388216 4.01 0.008 1.43-11.25

4b. The LDL Suita Score without CKD

B HR P-value 95% CI

Age, years 0.0795083 1.08 <0.001 1.06-1.10
Female -0.804252 0.45 <0.001 0.32-0.62
Smoking 0.4642934 1.59 0.004 1.16-2.19
DM 0.3955565 1.48 0.106 0.91-2.40
Blood Pressure )

Optimal -0.6602255 0.52 0.006 0.32-0.83

Normal and high normal Reference Reference Reference Reference

Stage I hypertension 0.4467296 1.56 0.012 1.10-2.21

Stage I hypertension 0.6256262 1.87 0.002 1.27-2.76
LDL (mg/dl)

<100 Reference Reference Reference Reference

100-140 0.5040579 1.66 0.049 1.00-2.74

140-160 0.664678 1.94 0.017 1.57-4.90

160-180 1.01949 2.77 <0.001 1.73-4.90

Over 180 1.151674 3.16 <0.001 1.73-5.80
HDL (mg/dl)

<40 Reference Reference Reference Reference

40-59 -0.479899%4 0.62 0.004 0.45-0.86

> 60 -0.6092216 0.54 0.005 0.36-0.83

JAS Guideline 2012, Japan Atherosclerosis Society(JAS) Guidelines for Prevention of Atherosclerotic Cardiovas-
cular Diseases 2012; CKD, chronic kidney disease; LDL, low density lipoprotein; 95% CI, 95% confidence
interval; CKD, chronic kidney disease; HR, hazard ratio; all other abbreviations are the same as in Table 1.
Stage 3 and Stage 4 or 5 CKD were defined by estimated GFR levels of 30-60 ml/min/1.73 m? and less than 30
ml/min/1.73 m? respectively.
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Table 5. Prediction score sheets for TC/ LDL Suita score

5a. TC Suita scoore

5b. LDL Suita Score

Risk Factor

Risk Factor
Variable Score
Age
36-45 30
46-55 39
56-65 46
>65 58
Female -6
Current Smoker 5
DM > Predicred Probability of
Blood pressure CHD in 10
Optimal blood pressure -7 m o yean
Normal and high normal 0 Total Score  Probability
Stage 1 hypertension . 3 (%)
Stage 2 hypertension 9 30< = <1
TC (mg/dD)
<160 -11 3135 !
160-239 0 36-40 2
240-279 5 41-45 4
. >280 9 46-50 6
TE
<35 6 seat u
36-49 Q
50-59 -5
>=60 -5
CKD
eGFR>60 0
Stage 3 3
Stage 4 or 5 15
Total Score A

Variable Score
Age
35-44 30
45-54 38
55-64 45
65-69 51
>=70 53
Female -7
Smok
g;;cm moker > Predicted Probability of
Blood pressure CHD in 10 years
Optimal blood pressure =7 Total Score  Probability
Normal and high normal 0 (%)
Stage 1 hypertcmfon 4 35< = <1
Stage 2 hypertension 6
36-40 1
LDL (mg/dl)
<100 0 41-45 2
46-50 3
100-139 5
‘ 51-55 5
140-159 7
56-60 9
160-179 10 61-65 14
>=180 11
HDL (rg/d) 66-70 22
<40 0 71< >28
40-59 -5
> =60 -6
CKD
eGFR>60 0
Stage 3 3
Stage 4 or 5 14
Total Score A

Estimates risk for CHD over a period of 10 years based on Suita Cohort experience at baseline. Summation of risk factor category points yield total
score. JAS Guideline 2012, Japan Atherosclerosis Society (JAS) Guidelines for Prevention of Atherosclerotic Cardiovascular Diseases 2012. LDL
cholesterol was derived by Fridewald’s equation. Those who have triglycerides > 400 were omitted for the calculation.

Discussion

In this study, we demonstrated the predictive
ability of newly developed coronary prediction algo-
rithms for Japanese subjects developed in the manner
of the FRS. Our findings can be summarized as fol-
lows: 1) the risk profile for CHD of a Japanese popu-
lation was considerably different from that of the orig-
inal Framingham Heart Study cohort; 2) The predic-
tion of CHD obtained with the risk score based on
the Suita cohort with CKD variables was superior to
that of the FRS or recalibration of the FRS; 3) Clini-
cal reclassification revealed that the FRS overestimates
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the CHD risk in the Japanese population.

First, the risk profile of the Suita cohort proved
to be considerably different from that of a Western
population. The crude incidence rate of CHD in the
original Framingham Cohort was 8.94 per 1000 per-
son-years, while that of the Suita cohort was only 2.81
per 1000 person-years. The risks of hypertension, low
HDL-C for males, and diabetes and smoking for
females, in the Suita cohort were weighted higher than
the risks in the Framingham cohort. This difference
between the Suita and the Framingham cohorts con-
stitutes a major concern for the application of the FRS
in Japanese subjects, where the lower CHD incidence



Table 6. Validation of the inclusion of CKD in the TC Suita Score and L.ID1. Suita Score

6a.
Model Log Likelihood LR test, p-value C-statistics BIC
TC Suita Score with CKD ~1610.8 referent 0.835 3233.3
TC Suita Score without CKD -1618.1 0.013 0.833 3238.5
LDL Suita Score with CKD -1510.1 referent 0.831 3365.6
LDL Suita Score without CKD -1513.6 0.032 0.829 3414.5
6b.
Model TC Suita Score LDL Suita Score LDL Suita Score
with CKD with CKD with CKD
Reference Model TC Suira Score LDL Suita Score TC Suita Score
without CKD without CKD with CKD
Cases Reclassified Downward (%) 16.7 48.1 48.8
Reclassified Upward (%) 83.3 51.9 51.2
Non Cases Reclassified Downward (%) 36.7 26.1 43.8
Reclassified Upward (%) 63.3 73.9 56.2
Category-free NRI(%) 40.0 43.9 10.1
P-value <0.001 <0.001 0.256

6a, Comparison of the C-index , LR test and BIC resules demonstrating the discrimination for CHD prediction models based on
the Suita Score with and without CKD, the FRS and the FRS calibrated for the means of the Suita cohort. Log likelihoods were
derived from che multivariate adjusted Cox proportional hazard model.; CKD, chronic kidney disease; FHS, Framingham Heart
Study; LR test, likelihood ratio test; BIC, Bayesian information criteria

6b, Comparison of the FRS and Suita Scores and the corresponding reclassification rate for the prediction of CHD events during

a 10-year period;. NRI, net reclassification improvement

and different risk factor levels were observed 3234,
Second, the discriminatory capability of the TC
Suita Score with CKD is better than those of the orig-
inal and recalibrated FRS. Although recalibration with
the mean value of the risk factors and baseline survival
functions for the study cohort improved the discrimi-
natory capability for various ethnic groups in the U.S,,
China and the CKD population® '>'9, the recalibra-
tion did not improve the discriminatory capability in
Japanese subjects. We believe this is probably due to
the low incidence of CHD in Japan compared to
Western and Chinese populations“). The relative risks
of various factors were similar between Suita Study
cohort and the Framingham cohort. Therefore, the
difference between the two prediction tools heavily
depends on the difference in the absolute risks
" between these two cohorts. Accordingly, the clinical
reclassification pointed out that the FRS overesti-
mated the risk of CHD in Japanese subjects, especially
in the non-CHD group, since the baseline survival
function, which was higher than that in the original
ERS, affected the estimated risk in an exponential

manner and the overestimation was more severe in the
high risk groups.

Furthermore, we found that CKD is an indepen-
dent risk factor for CHD after adjusting for other pre-
dictors of the FRS. The cohorts in the Framingham
Heart Study and the Offspring study showed no sig-
nificant association between the presence of kidney

~disease and the incidence of CVD? although some
collaborative analyses showed positive associations'” 3.
Odur result is essentially compatible wich that of Wein-
er’s study, which reported the HRs of CKD after
adjustment of the FRS for whites and blacks®®. No
previous study has dealt with this association for Asian
ethnicity as an additional covariate in the prediction
tool, although many cohort studies in Japan have
demonstrated a significant association between CKD
and cardiovascular disease® %39,

Finally, we developed a simple prediction sheet
for the estimation of CHD based on the TC and LDL
Suita Score. For the exact estimation, the beta-coeffi-
cient from the TC and LDL Suita Score are preferable.

However, the calculation requires computational
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Table 7. A comparison of the predicted risks in models based on the Framingham risk score and Suita Score with

and without CKD
7a. ,
Model Log Likelihood LR test, p-value C-statistics BIC
TC Suita Score with CKD -1610.8 referent 0.835 3233.3
TC Suira Score without CKD -1618.1 . 0.013 0.833 3238.5
Original Framingham Score -1678.5 <0.001 0.768 3365.6
Recalibrated Framingham Score -1702.9 <0.001 0.740 3414.5
7b.
Model TC Suita Score  TC Suita Score  TC Suita Score ~ TC Suita Score
with CKD with CKD without CKD without CKD
Reference Model Original Recalibrated Original Recalibrated
Framingham Framingham Framingham Framingham
Score Score Score Score
Cases Redlassified Downward (%) 42.0 50.0 42.8 49.3
Reclassified Upward (%) 58.0 50.0 57.2 50.7
Non Cases Reclassified Downward (%) 65.4 63.1 65.4 63.2
Reclassified Upward (%) 34.6 36.9 34.6 37.0
Category-frec NRI(%) 46.8 » 25.4 45.3 : 27.5
P-value <0.001 0.002 <0.001 0.001

7a, Comparison of the C-index, LR test and BIC results demonstrating the discrimination for CHD prediction models based on
the Suita Score with and without CKD, the FRS and the FRS calibrated for the means of the Suita cohort. The log likelihoods
were derived from the multivariate adjusted Cox proportional hazard model.; CKD, chronic kidney disease; FHS, Framingham
Heart Study; LR test, likelihood ratio test; BIC, Bayesian information criteria

7b, A comparison of the FRS and Suita Scores and the corresponding reclassification rate for the prediction of CHD events dur-
ing a 10-ycar period;. NRI, net reclassification improvement

Fig.2. The ten-year prediction of CHD
events in the Suita study using the TC
Suita Score with CKD

A graphical representation of the actual 10-year
risk of cardiac events in the Suita cohort, along
with the predicted risk and the Framingham risk
function with and without recalibration for the
means of the Suita cohort stratified by the quintile
of predicted risk in the Suita cohort. The Suita
participants were divided into quintiles of 10-year
CHD risk predicted by the Suita score functions
with CKD in Table 3. In each quintile, the mean
predicted 10-year probabilities and acrual proba-
EEEEEE Actal Probabilty BESEEEER OriginalFRS | ?lmes vf'el:c éiég‘afd‘ The %,“ﬁl Scor;i{tshcl:smm
EESEREE Suita Score R Recalibrated FRS |- . >core wit shown in Table 3. , Fram-
ingham risk score. CHD, coronary heart disease.

~ Quintile of predicted risk based on the Suita
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power, and the more simplified tool is as effective in
the clinical setting as the original FRS, since both the
models use beta coefficients and a simplified clinical
score.

The incorporation of CKD yields limited
improvement in the predictive capability in terms of
C-statistics. However, the NRI and IDI showed
marked improvement by the incorporation of CKD,
which is a more clinically relevant index for prediction
improvement. These two methods are becoming more
popular and widely used in cardiovascular medicine "
For example, incorporating the homocysteine level
into the FRS was evaluated by the NRI*, since the
inclusion of a new biomarker to the existing CHD
risk score changed the predictability of events in a very
marginal manner (less than 0.01 of the AUC)*, and
an enormously large odds ratio is needed for signifi-
cant improvement™ . Clinicians currently do not
have a tool for evaluating the CHD risk of patients
with CKD but with relatively few other risk factors.
These patients might be misjudged as having a very
low risk. '

Recently, an individualized risk prediction tool
including more diverse risk factors increased 43%
AMI and Strokes at the same cost®®. Thercfore, we
believe that the inclusion of CKD in the prediction
score is necessary and effective for populations at high
risk for CHD. Currently, there are estimated to be
more than 11 million CKD patients in Japan*”, and
people have little doubt that CKD has a major impact
on the population’s health.

Our population had higher risks for developing
CHD compared to other Japanese cohorts. The Suita
cohort population was selected from an urban popula-
tion, in contrast to the majority of other cohorts in
Japan, which have been sclected mainly from rural
populations. Because approximately 66% of the Japa-
nese population lives in urban areas according to 2006
Japanese Census®), this is an important feature of our
analysis. Interestingly, the JMS cohort and JALS
reported that the crude incidence of AMI was 0.68
and 0.60 per 1000 person-years, respectively' 11549,
On the contrary, the crude incidence of AMI in the
Suita study was 1.40°%. These findings may suggest
that there is a large difference in the incidence of
CHD between rural and urban areas in Japan. Thus,
our tool is more useful for predicting the risk in
urbanized populations with a higher risk of CHD.

Our study is associated with several limitations.
First, the single assessment of risk factors at the base-
line survey may have led to a regression dilution
bias®. Second, the response rate of the original cohort
was 53.1% (6,825/ 12,200) although the participants

were randomly selected from the population of Suita
city. In addition, based on the urbanized nature of the
study population, it may not be possible to apply this
tool in the whole Japanese population. However, since
the outcome of the Suita study was the development
of CHD, we believe that this tool can be a comple-
ment to the NIPPON DATA 80 risk score adopted in
the JAS 2012 guidelines'”, in which the outcome was
CHD mortality. The external validadon of our score
must be evaluated in other cohort studies, although a
lack of external validation is a common problem with
the existing Japanese risk prediction tools, including
the NIPPON DATA 80, JALS, JMS cohort and
Hisayama study. Considering the increasingly West-
ernized lifestyle in urban areas®?, these tools should be
re-evaluated using a consortium of cohort studies,
which include both urban and rural areas, such as the
Epoch-Japan study group®.

Very recently, the new AHA/ACC Guideline on
the Treatment of Blood Cholesterol recommended the
use of the new Pooled Cohort Equations to estimate
the 10-year CHD risk in both white and black males
and females, aged 40-75 years, and the FRS is no lon-
ger used for risk assessment®®. However, this guideline
is known to inaccurately estimate the CHD risk for
Asians, Therefore, the value of the Suita Score for Jap-
anese subjects and other low risk Asian populations is
still superior to other systems.

Third, besides CKD, new biomarkers that can
predict the CHD risk are emerging®**”. However, our
study could not access their importance as have other
existing prediction tools for Japanese subjects. For,
example, the QRISK included rheumatoid arthritis,
atrial fibrillation and the BMI. These relatively com-
mon, but not classic, cardiac risk factors must also be
evaluated in future studies.

In conclusion, for Japanese subjects, the Suita
prediction score with the CKD category resulted in
better CHD prediction than the original and recali-
brated FRS.
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Relevant Several risk factors such as tooth loss, occlusal periodontal tissue destruction may also reduce
background support and maximum “bite force”, have been masticatory ability. However, few studies have
to study: demonstrated to directly affect masticatory ability. investigated this issue, taking into account occlusal
Decrease in masticatory ability adversely affects support especially in eldetly patients with a reduced
nutritional intake and negatively impacts upon number of teeth.
quality of life. Previous studies have shown that
Study Atms: To evaluate the influence of periodontal status on  identical areas of occlusal support.
masticatory performance in dentate subjects with
Methods: This prospective cohort study recruited 1839 mouth recording (10 index teeth). Masticatory
elderly patients (67.2 + 7.9 years) selected performance was objectively evaluated by optical
randomly from the Suita study that was established  density measurement of the glucose concentration
to promote prevention of cardiovascular diseases in  released from a “gummy jelly” and correlated with
Japan. Number of functional teeth and occlusal the surface area of the masticated test jelly. Results
support were evaluated using the “Eichner index” were adjusted for age and gender. Subjects for
(Al-3, B1-4, C1-3 groups). Periodontal status was whom masticatory performance could not be
assessed using the Community Periodontal Index accurately measured were excluded.
(CPI), coded from O to 4, by means of partial
Resules: - A large number of enrolled subjects were classified - The proportion of subjects wearing dentures

as Eichner Al (n=653) without missing teeth and
with occlusal contacts in all posterior areas. In this
group, 54.1% of subjects had no periodontal
pockets (CPI = 0-2).

- Teeth with periodontal pockets (CPI = 3)
represented 30% of the Eichner Al group while
this proportion increased to 70% in Eichner B3
group {occlusal contacts in one posterior area).

increased from Eichner A2 group (8.3%) to
Eichner B4 group (93.4%) and associated with a
significant decrease of occlusal support.

- Masticatory performance of denture wearers from
Eichner B2 and B3 groups decreased respectively
in subjects with moderate periodontitis (B2) and
in subjects with moderate and severe periodontitis
(B3) in comparison with those without

- In Eichner groups Al and B3, patients with
moderate and severe periodontitis (CPI = 3-4)
showed reduced masticatory performance in
comparison with those without periodontitis (CPI
= 0-2). No significant differences were highlighted
in other Eichner A and B groups.
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periodontitis.

- When only non-denture wearers were considered,

no significant differences in masticatory
performance was observed in Eichner A2 to B3
groups according to periodontal status.

Continue o o
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Conclusions, V
impact and
limitations:

Limitations:

» Periodontal status was only evaluated on the basis of
CPI'and by means of partial mouth recording, and the
latter is known to underestimate disease prevalence. A
more precise evaluation of periodontal parameters
including bleeding on probing, clinical attachment and
bone levels, and mobility would provide additional data
related to inflammatory status, periodontal diagnosis
and their influence on masticatory performance.
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« Due to the random selection of patients, discrepancies
among the sample size of each Eichner groups led to
low statistical power for small sample sized groups

- No data were provided regarding alveolar ridge or
denture quality in subjects with tooth loss. Such
parameters may have affected the evaluation of
masticatory performance
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Several epidemiological surveys have suggested the exist-
ence of a positive relationship between oral health disorders
and hypertension.** Among such disorders, periodontitis
is a common chronic infectious disease of the adult popu-
lation, characterized by an exaggerated gingival inflamma-
tory response against pathogenic bacterial microflora. If left
untreated, it leads to deterioration of the supportive tissue
of the teeth and eventually to tooth loss.* Periodontal dis-
ease, gingival bleeding, and tooth loss have been reported
to be associated with hypertension,*® and the systemic
inflammatory response that may accompany these condi-
tions has been implicated as a mechanism in the develop-
ment of hypertension.” Periodontal disease and subsequent
tooth loss may lead to poor dietary habits, or vice versa, and
patients with these conditions may be likely to favor soft car-
bohydrate foods™ and restrict fruit intake,'* which influences

f hypert nsion. The add:tweefferh

blood pressure.’* The modification of diet that occurs with
these conditions has been speculated to be another possible
mechanism in the development of hypertension;™* however,
the clinical implication of lifestyle variables such as eating
habits or physical activity in the association between oral
health disorders and hypertension remains to be elucidated.
Further, tooth loss could contribute to worse occlusal sta-
tus or masticatory performance, which is also an important
pathological condition in oral health disorders; however, the
influence of worse occlusal status on hypertension is also
unknown.

In an effort to enrich understanding in the emerging area
of the association between oral health and hypertension, we
investigated the potential interrelationship between different
markers of oral health, lifestyle variables, and risk of hyper-
tension in a Japanese urban population.
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Oral Health Disorders and Hypertension

METHODS
Study subjects

The data used in this research derive from the Suita Study,
which consisted of a random sample of Japanese urban resi-
dents. The details of this study are described elsewhere.!*¢
Briefly, 6,485 men and women aged 30-79 years had a base-
line survey at the National Cardiovascular Center (now the
National Cerebral and Cardiovascular Center) between
September 1989 and March 1994 and underwent a medical
examination every 2 years. Of these, 1,797 underwent com-
prehensive regular health checkups and dental examinations
between June 2008 and March 2012. Participants in the study
population were excluded from these analyses if they had a
past or present history of cardiovascular disease, including
ischemic heart disease, acute coronary syndrome, conges-
tive heart failure requiring hospitalization, valvular heart
disease requiring medication, stroke, history of transient
ischemic attack (n = 88), or atrial fibrillation (n = 35), or had
not undergone baseline dental examination (n = 31). After
applying these exclusions, a total of 1,643 participants aged
30-79 years were available for this analysis. Physicians or
nurses administered the questionnaire on individual personal
habits and present illnesses. Informed consent was obtained
from all participants. All participants were Japanese, and this
study was approved by the Institutional Review Board of the
National Cerebral and Cardiovascular Center (M19-062-3).

Measurement of blood pressure and covariables

Well-trained physicians measured blood pressure twice in a
seated position with an automated sphygmomanometer (Colin
BP-103ill; Omron, Kyoto, Japan) and an appropriately sized
cuff according to a standard protocol after at least 5 minutes
of rest before the initial blood pressure reading was obtained.
Systolic (SBP) and diastolic (DBP) blood pressure were consid-
ered the average of 2 measurements recorded >1 minute apart.
Hypertension was defined as SBP 2140mm Hg and/or DBP
=90 mm Hg or use of antihypertensive medication.

At the baseline examination, routine blood tests were
performed, including triglycerides, high-density lipopro-
tein cholesterol, glucose, and hemoglobin Alc. Height and
body weight were measured, and body mass index was cal-
culated as weight (kg) divided by the square of height (m?).
Dyslipidemia was defined according to the guidelines of
the National Cholesterol Education Program Third Adult
Treatment Panel.'” Diabetes mellitus was defined according
to the American Diabetes Association criteria.’® Estimated
glomerular filtration rate was calculated using the Japanese
coefficient-modified Chronic Kidney Disease Epidemiology
Collaboration equation in milliliters per minute per 1.73 m?,
as previously described.’*

Oral examination

All participants received a complete oral examination by
trained, certificated dentists. The periodontal condition was
assessed using a modified Community Periodontal Index
of Treatment Needs (CPITN)? in 8 designated molars (first
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and second molars) and 2 incisors (upper right and left cen-
tral incisors) by applying the following scores: 0 indicates
healthy periodontal tissue; 1 indicates gingival bleeding; 2
indicates calculus and/or overhanging restorations; 3 indi-
cates pocket depth of 4-5mm; and 4 indicates pocket depth
of 26 mm. All periodontal examinations were performed by
4 experienced dentists, and the interobserver Cohen’s kappa
coefficient for grading was 0.78. The periodontal condition
of every patient was reported as the worst CPITN condi-
tion. The presence or absence of gingival bleeding was also
assessed by salivary occult blood test using a paper test strip
(Salivaster; Showa Yakuhin, Tokyo, Japan).

The number of remaining teeth was counted in the full
mouth with the exception of the third molars, which tend
to be impacted, congenitally missing, or surgically removed
because of anticipated pericoronitis.*> Therefore, the maxi-
mum number of teeth was 28.

The status of occlusal support or masticatory performance
was recorded by means of the Eichner index,* which is
based on occlusal contact areas for the natural dentition in
antagonist jaws, including fixed dentures. Class A contains 4
support zones; this means there is a minimum of 1 tooth in
contact between the maxilla and the mandible in both the
premolar and molar regions on each side. Class B contains
3, 2, or 1 support zone or support in the anterior area only.
In class C, there are no antagonist contacts in the dentition.

Maximal bite force was measured by using the Dental
Prescale System (GC, Tokyo, Japan), which consists of a
horseshoe-shaped bite foil of pressure-sensitive film (50H,
type R) and a computerized scanning system for analysis of
the load.?>%

Lifestyle variables

Information on lifestyle was collected with a standard-
ized questionnaire by physicians or nurses through face-to-
face interviews, including demographic information such as
smoking habit, dietary practices and usual frequency of food
intake, exercise/sports and walking hours a day, and sleeping
hours. Smoking status was defined as never smoker, former
smoker, or current smoker. Alcohol consumption was cat-
egorized as none, social, or daily. Consumption of fruit and
sugar-sweetened soft drinks was ascertained by questions as
“fruit (citrus fruit, other fruit, and fresh fruit juice) intake 21
/day” and “sugar-sweetened soft drink intake 23 times /day;’
respectively. Sugar-sweetened soft drinks included all types
of non-low-calorie, concentrated, carbonated, and ready-to-
drink soft drinks. All low-calorie, no-added-sugar, and sugar-
free types of concentrated, carbonated, and ready-to-drink
soft drinks were not classified as sugar-sweetened soft drinks
in this study. Physical activity was ascertained by question
as”>1 hour walking or equivalent physical activity on average
a day” Average sleep duration was classified into 8 categories:
<4, 4-5, 5-6, 6-7, 7-8, 8-9, 9-10, and 210 hours per day.

Statistical analysis

Summary statistics are presented as mean (+SD) for
continuous variables and as percentage for categorical
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variables unless otherwise specified. First, the participants
were divided into 2 groups according to the presence/
absence of hypertension, and then the significance of any
differences between groups was evaluated using unpaired
t test or 2 test, as appropriate. Second, patients were strati-
fied into 3 or 4 groups according to the status of oral health
disorders. Differences in characteristics between groups
were tested using x* test for dichotomous variables and
1-way analysis of variance with Shefle’s post-test for contin-
uous variables, as appropriate. Logistic regression analysis
was used to determine the odds ratio (OR) of hyperten-
sion as a function of individual components of oral health
markers, such as CPITN stage, gingival bleeding, tooth
number, and Eichner index, as well as combinations of 2
oral health markers. In multivariable-adjusted models, we
included variables that might confound the relationship
between hypertension and oral health markers: age, body
mass index, diabetes, dyslipidemia, estimated glomerular
filtration rate, smoking status (3 categories), daily alcohol
consumption, daily fruit intake, daily sugar-sweetened
soft drink intake, physical activity, and nocturnal sleep
duration.

We next divided the subjects into 4 groups according to the
number of oral health disorders present (0, 1, 2, or 23). The
relative ORs of hypertension were assessed in age and sex-
adjusted or multivariable-adjusted logistic regression mod-
els and calculated using the subgroup with no component
of oral health markers as a reference for each. Differences
in characteristics among the 4 groups were determined by
1-way analysis of variance with Scheffe’s multiple compari-
son post-test for continuous variables and x? test for categor-
ical variables. Multivariable linear regression analyses using
SBP or DBP as the dependent variable were also performed
in the subjects not taking antihypertensive medication.
Mean and SE were calculated in the case of linear regression,
and OR and 95% confidence interval (CI) were calculated in
the case of logistic regression. All P values were 2-sided, and
those <0.05 were considered statistically significant. All of
the calculations were performed using a standard statistical
package (JMP 8.0; SAS Institute, Cary, NC; and SPSS version
17.0; SPSS, Chicago, IL).

RESULTS
General characteristics

The baseline characteristics of the study subjects are
shown in Table 1. Mean age was 66.6+7.9 years, and 43.4%
of subjects were men. We first divided the subjects into 2
groups according to the presence/absence of hypertension
and found that hypertensive subjects showed a significantly
worse CPITN stage, higher prevalence of gingival bleeding,
lower tooth number, and worse Eichner index.

Relations among oral health markers

To examine the relationships among oral health markers,
we next divided the patients into 3 or 4 groups according
to the status of oral health disorders (Table 2). There were
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significant trends toward higher prevalence of gingival
bleeding, lower remaining tooth number, and worse Eichner
index with increasing stage of CPITN. Similarly, there were
significant trends toward higher prevalence of gingival
bleeding, worse CPITN stage, and worse Eichner index with
decreasing remaining tooth number. The Eichner index C
group showed significantly lower remaining tooth number
and worse CPITN stage than the Eichner A group (Table 2).

Relations of oral health disorders to hypertension

Age- and sex-adjusted logistic regression analysis found
that only the presence of gingival bleeding was significantly
associated with risk of hypertension, and the relation between
individual oral health markers (CPITN stage 4, presence of
gingival bleeding, lowest quartile of remaining tooth num-
ber, and Eichner index C) and hypertension was no longer
significant throughout the adjustment process (‘Table 3). The
Nagelkerkes adjusted R? value of the overall multivariable-
adjusted logistic regression model without including oral
health markers was 0.210 and was increased in the model
after adding CPITN stage 4 (adjusted R? = 0.230), presence
of gingival bleeding (adjusted R? = 0.230), lowest quartile of
remaining tooth number (adjusted R? = 0.230), or Eichner
index C (adjusted R? = 0.229).

Combined effects of oral health markers on hypertension

We next examined the combined effects of oral health
markers on hypertension—that is, CPITN stage and gingival
bleeding, CPITN stage and remaining tooth number, CPITN
stage and Eichner index, gingival bleeding and remaining
tooth number, gingival bleeding and Eichner index, and
remaining tooth number and Eichner index. In the multi-
variable-adjusted logistic regression model, the combination
of CPITN stage and gingival bleeding, the combination of
CPITN stage and Eichner index, the combination of gingival
bleeding and remaining tooth number, and the combination
of gingival bleeding and Eichner index, but not the combina-
tion of CPITN stage and remaining tooth number and the
combination of remaining tooth number and Eichner index,
were independently associated with hypertension (Table 3).

The total subjects were then divided into 4 groups by the
number of components of oral health markers, including
CPITN stage 4, presence of gingival bleeding, sex-specific
lowest quartile of remaining tooth number, and Eichner
index C (Table 4). There was a significant graded relation-
ship between the number of components present and the
corresponding prevalence of hypertension. The age- and
sex-adjusted relative OR of hypertension in subjects with
0, 1, 2, and 23 components of oral health disorders were
1.0 (reference), 1.06 (95% CI = 0.83-1.34; P = 0.66), 1.19
(95% CI = 0.87-1.63; P = 0.28), and 1.71 (95% CI = 1.18-
2.49; P = 0.004). In multivariable-adjusted logistic regres-
sion analysis, subjects with >3 components of oral health
disorders had 1.82 times higher odds of hypertension
compared with those with no component (Figure 1). The
adjusted R? value of the overall model after adding the
number of components of oral health markers was 0.249.
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