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Abstract

The score based on the office systolic blood pressure, age, fasting blood glucose level, and estimated glomerular filtration
rate (SAGE score) has been proposed as a useful marker to identify elevated values of carotid-femoral pulse wave velocity
(PWYV). The present cross-sectional study was conducted to examine whether the SAGE score is also a useful marker to
identify subjects with elevated brachial-ankle PWV values in Japanese subjects with hypertension. We measured the
brachial-ankle PWV and calculated the SAGE score in a total of 1019 employees of a Japanese company with hypertension
and 817 subjects with hypertension derived from a multicenter study cohort. The analyses in this study were based on data
from these two study groups as well as on a composite population of the two (n=1836). The receiver operating
characteristic curve analysis showed that the area under the curve to identify subjects with brachial-ankle PWV values of
>1800 cm/s was over 0.70 in each of the three study groups. Even after adjustments, a SAGE score >7 had a significant odds
ratio for identifying subjects with brachial-ankle PWV values >1800 cm/s in the 1836 study subjects from the composite
occupational and multicenter study cohort (odds ratio = 2.1, 95% confidence interval = 1.4-3.0, P < 0.01). Thus, in Japanese
subjects with hypertension, the SAGE score may be a useful marker for identifying subjects with elevated brachial-ankle
PWYV values.

Keywords Arterial stiffness * Pulse wave velocity * Risk factors

Introduction

Arterial stiffness, assessed by measuring pulse wave velo-
city (PVW), has been reported as an independent risk factor
for the development of cardiovascular disease (CVD) [1-3].
However, the number of individuals with risk factors for
CVD is large, and the applicability of PWV measurement
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on a large scale for assessing the risk of CVD is limited.
Therefore, a simple marker is needed to identify patients
requiring measurement of PWV as a marker of CV risk in
daily clinical practice. PWV is affected by multiple risk
factors, such as blood pressure and age, and it is thought
that a marker based on the integration of multiple risk
factors, rather than on any single risk factor [4-9], would be
suitable to screen for subjects with elevated PWV values.
Based on this background, the SAGE score (a score based
on office systolic blood pressure (SBP), age, fasting blood
glucose level and estimated glomerular filtration rate
(eGFR)) has been proposed as useful for identifying sub-
jects with elevated carotid-femoral PWV values among
subjects with hypertension [10]. While carotid-femoral
PWYV is a commonly used marker of cardiovascular risk
in Europe and the United States [3, 7, 8], in Asia, brachial-
ankle PWYV is used more frequently because of the ease of


http://crossmark.crossref.org/dialog/?doi=10.1038/s41440-020-0472-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41440-020-0472-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41440-020-0472-7&domain=pdf
mailto:tomiyama@tokyo-med.ac.jp
mailto:blessyou@med.u-ryukyu.ac.jp
https://doi.org/10.1038/s41440-020-0472-7
https://doi.org/10.1038/s41440-020-0472-7

Usefulness of the SAGE score to predict elevated values of brachial-ankle pulse wave velocity in... 1285

measurement [5, 6, 11]. Furthermore, a recent individual
participant data meta-analysis identified brachial-ankle
PWYV as an independent predictor of future cardiovascular
events [12, 13]. It is a simple-to-measure parameter that can
be measured on a large scale. While the brachial-ankle
PWYV has been used in the management of subjects with CV
risk factors or in health checkups conducted in the com-
munity or by a company [5, 6, 11], the predictive ability of
the SAGE score, which is derived from very simple para-
meters, for elevated brachial-ankle PWYV values remains
unclear in subjects with hypertension.

The present cross-sectional study, conducted in subjects
with hypertension derived from a Japanese occupational
cohort [14, 15], a Japanese multicenter study cohort
[16, 17], and a composite of the two cohorts, was aimed at
examining whether the SAGE score might be a useful
marker to identify subjects with elevated brachial-ankle
PWYV values among subjects with hypertension.

Methods
Design and subjects

The present study was conducted in cohorts from two pre-
viously reported observational studies (i.e., an occupational
cohort [14, 15] and subjects with hypertension from a
multicenter study [16, 17]).

# Subjects with hypertension from
occupational cohort

The occupational cohort consisted of employees working
at the headquarters of a single large Japanese construction
company located in downtown Tokyo [14, 15]. Informed
consent for participation in this study was obtained from
each of the study participants prior to their enrollment in
this study. The study was conducted with the approval of
the Ethical Guidelines Committee of Tokyo Medical Uni-
versity (No. 209 and No. 210 in 2003). The health checkup
data obtained for the years 2007 through 2015 were used for
the present study. Of the 5857 subjects working at the
headquarters of the construction company who had under-
gone measurement of the brachial-ankle PWV at least once
[14], subjects with atrial fibrillation, ankle-brachial pressure
index values of <0.95 (in cases with ABI<0.95, the mea-
sured brachial-ankle PWV values are often inaccurate
because the pressure waveform recorded at the ankle is
obscure) [18], a history of cardiovascular disease or of
undergoing hemodialysis, and/or for no data available on
blood pressure, age, serum levels of creatinine and/or
plasma levels of glucose were excluded. Patients with a
systolic blood pressure of 2140 mm Hg and/or a diastolic
blood pressure of 290 mm Hg and/or prescribed medication
for hypertension were defined as having hypertension.

the Japanese

Subjects in the occupational cohort without hypertension
were excluded (n=4296), and 1019 subjects with hyper-
tension from this occupational cohort were included in the
present analyses.

# Subjects with hypertension from the Japanese multi-
center study cohort

The subjects with hypertension enrolled in this study
were the same as those registered in the multicenter pro-
spective observational study, details of which are described
elsewhere [16, 17], conducted with the participation of 17
university hospitals in Japan from June 2010 to October
2015. The subjects had a blood pressure of <150/95 mm Hg,
were receiving antihypertensive treatment, and had been
under follow-up at any of the participating centers for at
least 6 months; [16] the data of patients that were obtained
at the time of the first measurement of the brachial-ankle
PWV were used for the present analyses. A total of
966 subjects were registered in this multicenter study (none
of the subjects had atrial fibrillation) [16, 17], and the data
of the brachial-ankle PWV recorded at the start of the study
period were available for 874 subjects. Among these,
57 subjects were excluded because their ABI values were
<0.95 and/or their laboratory data were not available.
Finally, 817 subjects with hypertension were included in the
present analyses.

# Subjects with hypertension from the combined Japa-
nese occupational and multicenter study cohorts

The analyses were also conducted in composite of sub-
jects (n=1836) from the Japanese occupational cohort
(n=1019) and the multicenter study cohort (n = 817).

Measurement of brachial-ankle PWV

Brachial-ankle PWV was measured using a volume ple-
thysmographic apparatus (Form/ABI, Omron Healthcare
Co., Ltd., Kyoto, Japan), as previously described
[11, 14, 15]. Briefly, occlusion cuffs connected to both the
plethysmographic and oscillometric sensors were tied
around both the upper arms and lower legs of the subjects
lying in the supine position. The brachial and posttibial
arterial pressures were measured by the oscillometric sen-
sor. The measurements were conducted after the subjects
had rested for at least 5 min in the supine position in an air-
conditioned room (maintained at 24 °C) designated exclu-
sively for this study.

Laboratory measurements

Serum concentrations of total cholesterol (TC), high-density
lipoprotein cholesterol (HDL) and creatinine, as well as the
blood glucose concentration, were measured using standard
enzymatic methods (Falco Biosystems Co. Ltd, Tokyo).
The estimated glomerular filtration rate (eGFR) was
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Table 1 The SAGE score

Definition Points

Systolic blood pressure (SBP)
<140 mm Hg
140-159 mm Hg
160-179 mm Hg
>180 mm Hg
Age

A L W O

<50 years
50-59 years
60-69 years
270 years

[©) N N \S R )

Fasting blood glucose
<125 mg/dl 0
>125 mg/dl 2

Estimated glomerular filtration rate (¢GFR)* {Patients with Kidney
failure (i.e., eGFR <15 ml/min per 1.73 m?) were excluded}

290 ml/min per 1.73 m?

6089 ml/min per 1.73 m?
30-59 ml/min per 1.73 m?
15-29 ml/min per 1.73 m?

W N = O

SAGE score was calculated as the sum of the scores for the above four
variables

%GFR was calculated from the serum creatinine using the Chronic
Kidney Disease Epidemiology Collaboration equation for Japanese
subjects [19], but not the original equation [20].

calculated from serum creatinine using the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) equation
for Japanese subjects [19] but not the original equation [20].

Calculation of the SAGE score

For this study, the SAGE score, to predict elevated values of
brachial-ankle PWV, was calculated based on a slight
modification of the originally described method (i.e., the
eGFR was calculated by the CKD-EPI equation for Japa-
nese subjects) [19] (Table 1). For SBP, thresholds of 140,
160 and 180 mm Hg were used. For age, thresholds of 50,
60 and 70 years were used. For blood glucose, the threshold
of 125 mg/dl for patients with glycemia at diabetic levels
was used. Finally, for renal function, eGFR thresholds of
90, 60, 30 and 15 ml/min/1.73 m*> were used. Patients with
kidney failure (i.e., eGFR <15 ml/min per 1.73 m?) were
excluded from the study. Then, the SAGE score was cal-
culated as the sum of the scores for the four variables (SBP,
age, plasma glucose and eGFR).

Statistical analysis

Data are expressed as the means+SD, unless otherwise
indicated. The differences in the measured values between
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groups were assessed by unpaired ¢ test or McNemar’s
nonparametric test. In addition, brachial-ankle PWV and the
SAGE score were compared between groups by one-way
analysis of variance with adjustments for sex, age, smoking
status, body mass index, mean blood pressure, blood glu-
cose level, and serum levels of total cholesterol, HDL
cholesterol and creatinine.

Based on an individual-participants database of brachial-
ankle PWV in the general population and in subjects with
hypertension, Ohkuma et al. reported that the cutoff value
of brachial-ankle PWYV for predicting future occurrence of
CVD was 1830 cm/s in subjects with hypertension [13].
Therefore, in the present study, elevated brachial-ankle
PWYV was defined by the cutoff value of 1800 cm/s in a
cohort with hypertension. Receiver operator characteristic
(ROC) curve analysis was applied to obtain the areas under
the curve (AUCs) of the markers to identify subjects with
brachial-ankle PWYV values of >1800 cm/s, and the cutoff
values for the identification of subjects with elevated
brachial-ankle PWV values were examined.

Analyses were conducted using SPSS software (version
25.0; IBM/SPSS Inc., Armonk, NY, USA). The null
hypothesis was rejected for values of >0.05 in all the
statistical tests.

Results

Table 2 shows the clinical characteristics of the subjects
with hypertension from the occupational cohort, the multi-
center study cohort, and a composite of the two cohorts. The
mean SAGE score and brachial-ankle PWV value were
higher in the subjects with hypertension from the multi-
center study than in those from the occupational cohort
(Table 2).

The SAGE score showed a significant correlation with
brachial-ankle PWV in the subjects with hypertension from
the occupational cohort (R=0.49, P<0.01), multicenter
study cohort (R =0.51, P<0.01), and the composite of the
two cohorts (Supplementary Fig. 1). In addition, the
brachial-ankle PWV value increased with increasing score
for each variable used to calculate the SAGE score in the
subjects with hypertension from the composite of the
occupational and multicenter study cohorts (Supplementary
Fig. 2); similar findings were obtained in each of the indi-
vidual study cohorts (data not shown).

Table 3 summarizes the Youden’s index of each SAGE
score from 5 to 8 in the subjects with hypertension. The
ROC curve analyses showed a significant ability of the
SAGE score to identify subjects with brachial-ankle PWV
values of >1800cm/s among subjects with hypertension
from all three study groups (the area under the curve in all
the groups was 0.7) (Fig. 1), and the Youden’s J statistics
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Table 2 Clinical characteristics of the study subjects with hypertension

Parameter HToccp HTmulti HTcomb
Number 1019 817 1836
Age (years) 50+9 62 + 9% 55+11
Gender (male/female) 963/56 444/373* 1407/429
BMI (kg/m?) 255+3.6 24.6+3.6* 25.1+3.6
Smoking (current) (%) 313 31) 93 (11)* 406 (22.1)
SBP (mm Hg) 140+ 14 134 + 14* 137+ 14
DBP (mm Hg) 8711 80+ 10* 84+11
Heart rate (beats/min) 69+ 10 T2+ 12% 70+ 11
baPWV (cm/s) 1483 +£233 1619 +309* 1543 £275
baPWV >1600cm/s (%) 272 (26.7) 383 (46.9)* 655 (35.7)
baPWV 21800 cm/s (%) 102 (10.0) 186 (22.8)* 288 (15.7)
TC (mmol/L) 5.5+09 52+0.9% 54+09
HDL (mmol/L) 1.6+0.4 1.5+04 1.6+£0.4
FBS (mmol/L) 54+x1.1 5.8+1.1% 56+1.1
Crnn (umol/L) 75+13 67 £ 18%* 71+16
SAGE score 40+24 59+2.7% 4.8+2.7
Medications

Receiving medication for 755 (74.0) 817 (100)* 1572 (85.6)

hypertension (%)

Receiving medication for 195 (19.2) 225 (27.5)*% 420 (22.9)

dyslipidemia (%)

Receiving medication for 131 (12.9) 72 (8.6)* 204 (11.1)

diabetes mellitus (%)

HToccp subjects with hypertension from the occupational cohort;
HTmulti subjects with hypertension from the multicenter study cohort,
HTcomb subjects with hypertension derived from a composite of the
occupational and multicenter study cohorts, BMI body mass index;
smoking number of current smokers, SBP systolic blood pressure, DBP
diastolic blood pressure, baPWV brachial-ankle pulse wave velocity,
baPWV 2 1600 cm/s number of subjects with baPWYV 21600 cm/s,
baPWV 2 1800 cm/s number of subjects with baPWV 21800 cm/s,
SAGE score score based on the office systolic blood pressure, age,
glycemia level, and estimated glomerular filtration rate, LDL serum
low-density lipoprotein cholesterol, HDL serum high-density lipopro-
tein cholesterol, FBS fasting blood glucose levels, Crnn serum
creatinine, medications number and percentage of subjects receiving
medication(s)

*P<0.01 between subjects with hypertension from the occupational
cohort and subjects with hypertension from the multicenter study
cohort (P values were calculated by an unpaired ¢ test or McNemar’s
non-parametric test)

for different cutoff values of the SAGE score in all three
groups are described in Fig. 1.

Table 4 summarizes the sensitivities and specificities of
different cutoff values of the SAGE score in the three study
groups. The SAGE scores reflecting a positive likelihood
ratio of 25 were 8-10.

Table 5 summarizes the results of the binary logistic
regression analysis to determine the ability of the SAGE
score to identify brachial-ankle PWV values 21800 cm/s in
the three study groups. Because SBP and age are major
determinants of brachial-ankle PWYV, the cutoff values of

Table 3 Summary of the Youden index among the subjects with
hypertension from the three cohorts

Study group SAGE SAGE SAGE SAGE
score 5 score 6 score 7 score 8
HToccp 0.444 0.390 0.313 0.281
HTmulti 0.244 0.305 0.312 0.280
HTcomb 0.395 0.379 0.369 0.311

HToccp subjects with hypertension from the occupational cohort;
HTmulti subjects with hypertension from the multicenter study cohort,
HTcomb subjects with hypertension derived from a composite of the
occupational and multicenter study cohorts, SAGE score score based
on the office systolic blood pressure, age, glycemia level, and
estimated glomerular filtration rate

age and SBP to identify subjects with brachial-ankle PWV
values 21800 cm/s were determined by ROC curve analyses
for the three study groups. The values of these two para-
meters for identifying brachial-ankle PWYV values
>1800 cm/s were 52 years and 142 mm Hg in the study
subjects with hypertension derived from the occupational
cohort, 65 years and 142mmHg in the subjects with
hypertension from the multicenter study cohort, and 60
years and 142 mm Hg in the study subjects with hyperten-
sion from the composite of the occupational and multicenter
study cohorts. Even after adjustments for age, SBP, and sex,
the SAGE score was associated with a significant odds ratio
for identifying elevated values of brachial-ankle PWV in the
study subjects with hypertension from the occupational
cohort and those from the composite of the occupational
and multicenter study cohorts (Table 5).

Regarding the composite cohort, according to Youden’s
method, a cutoff point of 5 provided the optimal combi-
nation of sensitivity and specificity. Higher cutoff points
resulted in higher specificity at the cost of lower sensitivity.
The cutoff point of 7 (i.e., score values >7) had a sensitivity
of 57% and specificity of 80%. Thus, the use of this cutoff
point would help decision making by accurately ruling out
patients who are least likely to have elevated brachial ankle
PWYV (Table 5).

Discussion

The present study demonstrated a significant odds ratio
for the SAGE score to identify subjects with elevated
brachial-ankle PWV values among Japanese subjects with
hypertension.

Several studies have reported associations between the
risk factors for CVD and elevated carotid-femoral PWV
values [2, 3, 8]. A recent meta-analysis demonstrated that
among various risk factors for CVD, blood pressure and age
are the major determinants of carotid-femoral PWV [4]. In
addition, we demonstrated, based on the data of 12517
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For predicting baPWV >1800cm/sec in subjects
with hypertension from the multicenter study
cohort

(n=102/1019)

SAGE score =5

AUC (95% CI) =

0.770 (0.722-0.818), P < 0.01

Sensitivity = 78%

For predicting baPWV >1800cm/sec in subjects
with hypertension from the occupational cohort
(n=186/817)

SAGE score =7

AUC (95% CI) =

0.732 (0.691-0.722), P < 0.01

Sensitivity = 65%

Specificity = 66%

For predicting baPWV >1800cm/sec

in subjects with hypertension from a composite of
the occupational and multicenter study cohorts (n =
288/1816)

SAGE score =5

AUC (95% CI) =

0.774 (0.745-0.802), P <0.01

Sensitivity = 87%

Specificity = 66%

o =
© o
o
©

o
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[=}
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Fig. 1 Areas under the curve from the receiver-operator characteristic
curve analysis. For predicting baPWV 21800 cm/s, receiver operator
characteristic curve analysis was used to identify subjects with baPWV
>1800 cm/s. AUC area under the curve, SAGE score = score based on

Japanese subjects, that blood pressure and age are also
major determinants of brachial-ankle PWV [5]. Then, a
collaborative study demonstrated an interaction between
blood pressure and age in their relation to carotid-femoral
PWYV [8]. Furthermore, increased PWYV is also observed in
patients with diabetes mellitus and chronic kidney disease
[6, 7, 11]. Thus, prediction of PWV based on any single risk
factor may have a limitation. The SAGE score is a com-
prehensive marker calculated based on multiple risk factors
for CVD [10], and the present study demonstrated that the
SAGE score is a useful marker for identifying subjects with
elevated brachial-ankle PWV values in Japanese subjects
with hypertension, independent of the individual risk factors
for CVD.

Xaplanteris et al. reported that the best cutoff value of the
SAGE score for identifying elevated carotid-femoral PWV
values was 8 in subjects with hypertension [10]. We
attempted to examine the cutoff value of the SAGE score
for identifying elevated brachial-ankle PWV values in
subjects with hypertension derived from different cohorts.
In a quantitative approach (according to the Youden index),
the optimal cutoff ranged from 5 to 7 in the three cohorts.
However, in a qualitative approach that prioritizes a satis-
factory positive predictive value while retaining a high
negative predictive value (meaning that subjects not refer-
red would accurately be considered as least likely to have
elevated brachial-ankle PWV and thus would not be
deprived of the risk predictive value of this biomarker), the
optimal cutoff for the composite cohort was 7. Any
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the office systolic blood pressure, age, glycemia level and estimated
glomerular filtration rate score. baPWV brachial-ankle pulse wave
velocity

differences in the cutoff values of the SAGE score for
identifying increased arterial stiffness as assessed by
carotid-femoral PWV and brachial-ankle PWV may also be
attributable to the fact that carotid-femoral PWYV reflects the
stiffness of the large-sized arteries and brachial-ankle PWV
reflects the stiffness of the middle-sized to large-sized
arteries. In addition, the ROC curve was not sufficiently
steep to determine its peak for identifying brachial-ankle
PWYV values of 21800 cm/s in either group (Fig. 1). The
mean SAGE score was higher in subjects with hypertension
from the multicenter study cohort than in those from the
occupational cohort. Therefore, the clinical characteristics
that determine the SAGE score in the study cohort might
affect the cutoff value of the SAGE score to identify sub-
jects with elevated brachial-ankle PWV values.

Clinical implications

In relation to the screening methods for the risk of CVD,
PWYV might be placed as a second-line parameter in the
screening system [11, 21]. The SAGE score can be cal-
culated from the data obtained from the first-line screening
[10] and applied to identify subjects needing for mea-
surement of PWV. Furthermore, brachial-ankle PWV had
a close relationship with the carotid-femoral PWV [22],
and meta-analyses of individual-participants data have
already demonstrated that not only carotid-femoral PWV
but also brachial-ankle PWV are independent predictors of
future cardiovascular events, independent of conventional
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Table 4 Sensitivities and specificities calculated using different cutoff
points of the SAGE score in the subjects with hypertension from the
three cohorts For predicting baPWV 21800 cm/s in the study subjects
with hypertension in the occupational cohort (n = 102/1019)

SAGE score Sensitivity Specificity Positive LR Negative LR

1 100 5 1.05 0

2 98 24 1.29 0.08

3 95 26 1.28 0.19

4 83 49 1.63 0.35

5 78 66 2.29 0.33

6 66 73 2.44 0.47

7 41 90 4.10 0.24

8 35 93 5.00 0.70

9 19 98 9.50 0.83

10 12 99 12.00 0.89

11 8 99 8.00 0.93

12 99 3.00 0.97

13 100 — —

1 100 4 — —

2 100 9 — —

3 99 13 1.14 0.08
4 96 24 1.26 0.17
5 92 33 1.37 0.24
6 76 55 1.69 0.43
7 65 66 1.91 0.53
8 48 80 2.40 0.65
9 36 92 4.50 0.70
10 29 95 5.80 0.75
11 13 98 6.50 0.89
12 9 100 — —

1 100 4 1.04 0

2 99 18 1.21 0.67
3 98 21 1.24 0.10
4 92 39 1.51 0.21
5 87 52 1.82 0.25
6 72 66 2.12 0.42
7 57 80 2.85 0.54
8 43 88 3.58 0.65
9 30 96 7.5 0.73
10 23 98 11.5 0.79
11 12 99 12 0.89
12 0 100 — —
13 0 100 — —

For predicting baPWV >1800 cm/s in subjects with hypertension from
the multicenter study cohort (n = 186/817)

For predicting baPWV 21800cm/s in the study subjects with
hypertension derived from a composite of the occupational and
multicenter study cohorts (n = 288/1816)

For predicting baPWV 21800 cm/s receiver-operator characteristic
curve analysis to identify subjects with baPWV >1800cm/s, LR
likelihood ratio

Table 5 Results of logistic regression analysis performed to examine
the significance of the SAGE score to identify subjects with brachial-
ankle pulse wave velocity values of > 1800 cm/s in subjects with
hypertension from the three study cohorts For predicting baPWV
21800 cm/s in the study subjects with hypertension from the
occupational cohort (n = 186/1019)

Parameter Odds 95% CI1 P value
For 21800 cm/s
Crude
SAGE score (25 vs. <5) 7.1 4.3-11.5 <0.01
Adjusted for gender, SBP (> 142 vs. <142 mm Hg),
and Age (252 vs. <52 years old)
SAGE score (25 vs. <5) 2.3 1.1-4.8 0.02
For 21800 cm/s
Crude
SAGE score (27 vs. <7) 3.7 2.6-5.3 <0.01
Adjusted for gender, SBP (2142 vs. <142 mm Hg),
and Age (265 vs. <65 years old)
SAGE score (27 vs. <7) 1.4 0.9-2.2 0.08
For 21800 cm/s
Crude
SAGE score (27 vs. <7) 5.3 4.1-6.9 <0.01
Adjusted for gender, SBP (2142 vs. <142 mm Hg),
and Age (260 vs. <60 years old)
SAGE score (27 vs. <7) 2.0 1.4-3.0 <0.01

For predicting baPWV 21800 cm/s in subjects with hypertension from
the multicenter study cohort (n = 102/817)

For predicting baPWV >1800 cm/s in subjects with hypertension from
a composite of the occupational and multicenter study cohorts (n =
288/1836)

Odds odds ratio, SD standard deviation, CI confidence interval, Crude
without adjustments, LR likelihood ratio, SAGE score score based on
the office systolic blood pressure, age, glycemia level, and estimated
glomerular filtration rate

CV risk assessment models, such as the Framingham risk
score [12, 13, 23]. Therefore, the SAGE score might be a
simple marker for risk assessment for CVD in first-line
screening, independent of conventional CV risk assess-
ment models.

Limitations

This study had several limitations. (1) Supplementary Fig. 3
depicts the histograms of the SAGE score and brachial-
ankle pulse wave velocity in subjects with hypertension and
in those without hypertension in the occupational cohort.
They were skewed left in subjects without hypertension. In
the occupational cohort of the present study, there were
4296 subjects without hypertension with a mean age of 41
years; among them, only 87 subjects (2%) had brachial-
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ankle PWYV values >1600 cm/s (this brachial-ankle value is
the cutoff value to identify subjects at high risk for cardi-
ovascular disease in the general population [12]), and
21 subjects (0.5%) had brachial-ankle PWYV values
>1800 cm/s. Thus, the number of subjects with elevated
brachial-ankle PWV values in middle-aged Japanese sub-
jects without hypertension was small. In addition, in the
subjects without hypertension from the occupational cohort,
a SAGE score of 2 was the best cutoff value for identifying
subjects with brachial-ankle PWV values 21600 cm/s
(Supplementary Fig. 4). Age 250 years, SBP > 140 mm Hg,
eGFR <60 ml/min/1.73 m?, or fasting blood glucose
>125 mg/dl alone would represent a SAGE score of 2. Thus,
the applicability of the SAGE score in this particular form
might be limited in subjects with a low risk for cardiovas-
cular disease. Therefore, further studies in subjects with/
without several risk factors for cardiovascular disease are
needed to establish the precise cutoff value(s) of the SAGE
score to identify subjects with increased arterial stiffness
related to the development of CVD. (2) Sex differences and
ethnic differences in the values of PWV have been reported
[24, 25]. However, in the present study, the differences in
the predictive ability of the SAGE score as a marker of
PWYV between male and female subjects and between sub-
jects of different ethnicities were not examined. (3) Unlike
the case for SBP, age and eGFR, the diabetic levels were
bifurcated. The threshold of 125 mg/dl for patients with
glycemia was defined as the diabetic level in the
SAGE scoring system. On the other hand, the normal
fasting glucose level is <110 mg/dl [26]. We attempted
to use the modified SAGE score using this cutoff value
for glycemia (i.e., fasting blood glucose 2110 mg/dl
and 126 mg/dl assigned a score of 2. The AUCs of the
original SAGE score and modified SAGE score to identify
subjects with brachial-ankle PWV values 21800 cm/s are
summarized in the Supplementary Table. The results
revealed no significant difference in the cutoff value
obtained using the two fasting glucose levels (2110 mg/dl
and 2126 mg/dl).

Conclusion

In Japanese subjects with hypertension, the SAGE score
may be a useful marker for identifying subjects with
elevated brachial-ankle PWV values.
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