
Health Education and Public Health

496Health Educ Public Health 2022, 5:2

Health Education and Public Health
2022; 5(2): 496-502. doi: 10.31488/HEPH.177

Longitudinal Change in The Cumulative Incidence and Maintenance Rate of Metabolic Longitudinal Change in The Cumulative Incidence and Maintenance Rate of Metabolic 
Syndrome among Participants of the Specific Health Check and Guidance System in JapanSyndrome among Participants of the Specific Health Check and Guidance System in Japan

Research 

Iseki K 1,2,3, Konta T1, Asahi K1, Fujimoto S1, Moriyama T1, Yamagata K1, Tsuruya K1, Narita I1, Kondo M1, 
Kasahara M1, Shibagaki Y1, Iseki C3, Watanabe T1 

1. The Japan Specific Health Checkups study (J-SHC study) Group, Japan

2. Clinical Research Support Center, Nakamura Clinic, Japan

3. Okinawa Renal and Heart Association (OHRA), Japan

Received: May 5, 2022; Accepted: May 23, 2022; Published: May 26, 2022

Introduction
Metabolic syndrome (MetS) and obesity have been known as 

related to cardiovascular disease in western countries [1, 2]. Obe-
sity was not so common among Japanese, in particular women, 
Also, the incidence of cardiovascular disease is relatively low 
among Japanese [3]. A recent literature review supports the pos-
itive relationship between MetS and cardiovascular disease [4].

A specific nationwide health check-up and guidance system, 
called Tokutei-Kenshin, was initiated in April 2008 in Japan [5]. 
This project aims to detect metabolic syndrome (MetS) and if 
confirmed, to provide individual instruction to modify lifestyle 
and the necessary treatment. The target population comprises 
Japanese citizens between the ages of 40–74 years. We have been 

focused mostly on chronic kidney disease (CKD) [6, 7, 8], dia-
betes mellitus (DM) [9, 10], and mortality [11-14]. Lifestyle is a 
significant modifier of CKD [15], cardiovascular disease (CVD) 
[16], and mortality [16, 17]. We recently confirmed that MetS 
was a significant risk factor for mortality [18]. 

Intervention through this screening program was shown to be 
very effective for the reversal of MetS [19]. However, the pro-
portion of people attending the intervention program is as low as 
11%. The trends in the cumulative incidence and maintenance 
rate of MetS have not been well studied. Such information would 
be helpful for the future modification of the protocol of screening 
among the Japanese population. However, lifestyle modification 
should be carefully performed such as educational attainment 
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and marital status [20], gender difference [21], uric-acid level 
[22], and smoking habit [23].  

In the present study, we examined the MetS in both cumu-
lative incidence and maintenance rate among the subjects who 
have participated, in at least twice the nationwide screening. 

Methods
Study subjects and baseline characteristics

Details of the dataset of the nationwide screening program 
of the Specific Health Check-up and Guidance System (Toku-
tei-Kensin) in Japan have been previously published [6-18]. 
From 2008 to 2014, we collected individual records of 3,809,853 
participants from 192 municipals of 27 prefectures. The pro-
cess for the database construction is summarized in Figure 1. 
From the total number of subjects who participated (about 3.8 
million), we selected those who visited at least twice during the 
study visit. Finally, we used the dataset of 933,490 participants 
for the analysis. During the study period, the mean number of 
visits was 3.4 times per subject. MetS was defined as waist 
circumference (men≥85cm, women≥90cm) plus two or three 
abnormal values in blood sugar metabolism (fasting blood glu-
cose≥100mg/dL or HbA1c≥5.2% by 2012 (JDS), HbA1c≥5.6% 
by NGSP since 2013), lipid (triglyceride≥150mg/dL, or HDL 
cholesterol<40mg/dL), and blood pressure (systolic≥130mmHg, 
or diastolic≥85mmHg) [18]. The original database was solely 
used and managed by Okinawa Heart and Renal Association 
(OHRA). Furthermore, the preliminary dataset was verified and 
confirmed independently by Dr. Tsuneo Konta. Afterward, fur-
ther analyses were done by using a standard analysis file (SAF) 
without any personal identifier. We used data from 2008-2014; 
for Multivariate Cox regression analysis with MetS new-onset 
and MetS maintenance at 1 year as the outcome, the baseline 
subjects were those who were first seen in 2008-2013, and the 
outcome was the new-onset of MetS and the maintenance of 
MetS at 1 year.

All procedures performed in studies involving human partici-
pants were performed following the ethical standards of the insti-

tutional and/or national research committee at which the studies 
were conducted (Fukushima Medical University; IRB approval 
number #1485, #2771) and with the 1964 Helsinki declaration 
and its later amendments or comparable ethical standards. This 
study was performed according to Ethical Guidelines for Medi-
cal and Health Research Involving Human Subjects enacted by 
MHLW of Japan

h t t p : / / w w w. m h l w. g o . j p / f i l e / 0 6 - S e i s a k u j o -
uhou-10600000-Daijinkanboukouseikagakuka/0000069410.pdf 
and

h t t p : / / w w w. m h l w. g o . j p / f i l e / 0 6 - S e i s a k u j o -
uhou-10600000-Daijinkanboukouseikagakuka/0000080278.
pdf].

In the context of the guideline, the investigators shall not nec-
essarily be required to obtain informed consent, but we made 
public information concerning this study on the web [http://
www.fmu.ac.jp/univ/sangaku/data/koukai_2/2771.pdf] and en-
sured the opportunities for the research subjects to refuse to uti-
lize their personal information.

Calculation of cumulative incidence of MetS

 The denominator is the number of people in each year group 
between the first and second checkup among those with MetS 
(-) at the first checkup (the number in the 1-year group is the 
number of people whose interval between the first and second 
checkups was 1 year), and the numerator is the number of new 
cases of MetS among them. 

Calculation of the maintenance rate of MetS

 Among the subjects with MetS (+) at the first checkup, and 
the rate of maintenance of MetS (+) at the time of the next check-
up. The denominator is the number of people who were MetS (+) 
at the first checkup and the number of people in each year group 
between the first and second checkups (the number of people in 
the 1-year group is the number of people whose interval between 
the first and second checkups was 1 year), and the numerator is 
the number of people who maintained MetS (+) at the second 

Data with multiple year screeningN=3,809,853

Deleted 49,372 

Number of visit: more once
N of visit:     3,760,481
N of subject: 1,491,781

Number of visit: more once
N of visit:    3,191,267
N of subject: 933,490

Lack of information (sex, birth date, height, 
weight)

*Number of visit per subject: mean 3.4 times

Deleted 569,214 Identify subject by using ID and other vital information
(sex, age), Only one year data, 
Age at first screening; 39 and less or 75 and over

Figure 1.

Figure 1.
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MS Incidence Men Women Men, Age≥65 Men, Age<65 Women, Age≥65 Women, Age<65

Baseline 278123 474686 146415 131708 229630 245056

1-year 278123 474686 146415 131708 229630 245056

2-years 186095 337062 94440 91655 155254 181808

3-years 125851 247816 62404 63447 110515 137301

4-years 76203 163106 36923 39280 70241 92865

5-years 26544 60865 13096 13448 26003 34862

9-years 3464 8388 1710 1754 3434 4954

Table 1. Number of subjects used for the incidence curve by Kaplan Meier analysis

MS Maintenance Men Women Men, Age≥65 Men, Age<65 Women, Age≥65 Women, Age<65

Baseline 54980 32827 29019 25961 18937 13890

1-year 54980 32827 29019 25961 18937 13890

2-years 26043 14723 13359 12684 8155 6568

3-years 12494 6876 6259 6235 3714 3162

4-years 5421 2941 2644 2777 1542 1399

5-years 1473 804 704 769 403 401

6-years 97 41 53 44 23 18

Table 2. Number of subjects used for the maintenance rate curve by Kaplan Meier analysis

checkup.

Statistical analyses

 Data were analyzed with SAS/STAT software (version 6.03, 
SAS Institute, Tokyo, Japan). The student's t-test and the Chi-
squared test were performed to compare the significance of 
discrete variables. Multivariate Cox regression analysis was 
performed to evaluate the risks for the changes in the trend of 
the cumulative incidence and maintenance rate of MetS. Factors 
used for the adjustment were body mass index, systolic and dia-
stolic blood pressure, fasting blood glucose, HbA1c, triglyceride, 
HDL cholesterol, LDL cholesterol, eGFR, proteinuria, alcohol 
intake, smoking, history of stroke, acute myocardial infarction 
renal failure, dialysis, and drug use for hypertension, diabetes 
mellitus, and hyperlipidemia and were based on self-reported 
information in the medical questionnaire. The hazard ratio and 
95% confidence interval were obtained. A P value of less than 
0.05 was considered statistically significant in all analyses. We 
also examined the Kaplan Meier curves for the cumulative in-
cidence of MetS and maintenance rate of MetS. The number of 
subjects used for the Kaplan Meier curves were shown in Tables 
1 and 2.

Results
The cumulative incidence of MetS

As a whole, the cumulative incidence of MetS was 6.2% 
(total), 10.1% (men), and 3.9% (women), respectively. The re-
lationship between the cumulative incidence of MetS and the 
interval of screening was shown up to 6 years (Figure 2), it was 
gradually increased. In particular, the cumulative incidence in 

men was higher than that of women. Baseline characteristics of 
subjects who remained without MetS and developed MetS were 
summarized in (Supplementary Table 1). Those who developed 
MetS were a significantly higher proportion of men of older age. 
Other variables except renal failure/ dialysis were also signifi-
cantly different as the number of subjects was large. 

The maintenance rate of MetS

It was 46.6% (total), 48.9% (men), and 38.5% (women), re-
spectively. Similar to the changes in cumulative incidence, the 
relationship between the maintenance rate of MetS and the in-
terval of screening is shown up to 6 years (Figure 3). After the 
initial screening, the maintenance rate of MetS gradually de-
clined. Baseline characteristics of subjects who remained MetS 
and disappeared MetS were summarized in (Supplementary Ta-
ble 2). Those who remained MetS were a significantly higher 
proportion of men of older age. Other variables except for cur-
rent smokers and history were also significantly different. 

Effect of gender and age on the cumulative incidence and 
maintenance rate of MetS

By using a multivariate Cox hazard analysis, the multivari-
ate-adjusted hazard ratio (HR) of cumulative incidence of MetS 
was significantly higher in men; HR was 2.38 (95% confidence 
interval 2.29-2.47), and elderly (age≥65 years); HR was 1.35 
(95% confidence interval 1.31-1.39), respectively (Table 3). The 
cumulative incidence of MetS was 5.7% (age< 65 years) and 
6.6% (age≥65 years). The multivariate-adjusted hazard ratio 
(HR) of the maintenance rate of MetS was significantly higher 
in men; HR was 1.43 (95% confidence interval 1.37-1.51), and 
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Cumulative Incidence of MetS Maintenance rate of MetS

Variables Unadjusted HR 
(95%CI)

Adjusted HR 
(95%CI)*

Unadjusted HR 
(95%CI)

Adjusted HR 
(95%CI)*

Men (vs. Women) 2.90 (2.83-2.96) 2.38 (2.29-2.47) 1.29 (1.25-1.33) 1.43 (1.37-1.51)

≧65 years (vs. <65 years) 1.17 (1.15-1.20) 1.35 (1.31-1.39) 1.09 (1.06-1.12) 1.10 (1.05-1.14)

*Factors used for adjustment; body mass index, SBP, DBP, FBS, HbA1c, TG, HDL-C, LDL-C, eGFR, proteinuria, alcohol intake, smoking, past history
of stroke, acute myocardial infarction renal failure, dialysis, and drug use for hypertension, diabetes mellitus, and hyperlipidemia.

Table 3. The association of age, gender with the cumulative incidence and maintenance rate of MetS status at 1-year

Figure 2. Kaplan-Meier curve: Incidence of metabolic syndrome among those who were free of metabolic syndrome at the first screening

elderly (age≥65 years); HR was 1.10 (95% confidence interval 
1.05-1.14), respectively. Maintenance rate of MetS was 45.5% 
(age< 65 years) and 47.5% (age≥65 years). Kaplan Meier curves 
were shown in Supplementary Figures 1 and 2.

Baseline characteristics by gender

They were shown in Supplementary Table 3. In men, the preva-
lence of smokers, DM, and history of CVD and stroke were more 
than twice as high compared to women. However, the current 
smoker was less in the elder-age group (≥65 years) than in men 
(Supplementary Table 4). In women, the current smoker was also 
higher among the younger age group (<65 years) (Supplementary 
Table 5).

Discussion
This study examined the cumulative incidence and maintenance 

rate of MetS among the nationwide screening program from the 

fiscal year 2008 to 2014 (6 years). Men and the elderly group 
(age≥65) population were at risk of higher cumulative incidence 
and maintenance rate of MetS. According to the abridged life 
table from the Ministry of Health, Labour and Welfare, the life 
expectancy was78.4 years in men and 85.3 years in women in 
2002, and it increased to 81.4 in men and 87.5 years in 2019, 
respectively. The gender discrepancy in life expectancy remains 
high at 6 years, yet the reasons are not clear. Early detection of 
MetS and lifestyle modification may improve life expectancy in 
men. 

Subjects with MetS have a significant impact on the incidence 
of CKD [6, 7, 8], diabetes mellitus (DM) [9, 10], and mortality 
[11-14]. Accordingly, when diagnosed MetS, they are entitled to 
further examination and lifestyle intervention. Lifestyle per se 
is a significant modifier of CKD [15], CVD [16], and mortality 
[16-17]. Recently, we confirmed that MetS was a significant risk 
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factor for mortality [18]. Therefore, early intervention in over-
weight/obese adults, namely MetS subjects is necessary to pre-
vent the progression of CKD [24, 25] and death. 

The dipstick proteinuria test for CKD detection was cost-ef-
fective [26, 27], but not yet shown for the diagnosis of MetS 
at the general screening. The key strategy for the prevention of 
MetS is to keep body weight within the normal range through 
nutritional management and adequate exercise. in particular 
aged populations. Intervention through this screening program 
was shown to be very effective for the reversal of MetS [19]. 
However, the proportion of people attending the program is as 
low as 11%. The trends in the cumulative incidence and mainte-
nance rate of MetS have not been well studied. Such information 
would be helpful for the future modification of the protocol of 
screening among the Japanese population. 

Lifestyle modification if convinced by the screened partici-
pants would prevent the overall incidence of MetS and reduce 
the prevalence of MetS. Other than the weight reduction in over-
weight and obese subjects, excess alcohol intake, in particular, 
men, is frequently observed with MetS.  Alkerwi A et al recom-
mended restricting alcohol consumption to less than 20 g/day 
among women, and less than 40 g/day among men [28]. Also, 
special education is needed for smokers as cessation of smoking, 
prevalent among men, is an independent predictor of new-on-
set of MetS. [23] Other lifestyles such as depression [29] and 
self-reported sleep duration [30] are reported to the associated 
with MetS. These observations need to be confirmed among the 
Japanese but are suggesting the importance of further question-

naires among apparently healthy people. 

MetS were defined as waist circumference (men≥85cm, wom-
en≥90cm) plus two or three abnormal values in blood sugar me-
tabolism, lipid, and blood pressure [18]. Waist circumference is 
a surrogate of central obesity but is often variable by body size, 
gender, and race. We reported the significance of “a body shape 
index (ABSI)” on all-cause mortality among screened subjects 
[14]. ABSI seemed to be a better predictor of death than the body 
mass index (BMI). However, the presence of CKD affected dif-
ferently on mortality between men and women. 

Strengths and limitations

The strength of the present study is that we have followed 
many participants of the nationwide screening program. We be-
lieve that this cohort represents the currently available database 
for the analysis of the changes in MetS status in Japan. 

There are several limitations in the present study. First, partic-
ipants in this analysis were those who had an interest in lifestyle 
and their health conditions. The participation rate was 38.9% 
(2008) and 51.4% (2016) of the target population. (Ministry of 
Health, Labor and Welfare) Therefore, it would not be representa-
tive of the whole Japanese population. We have no data on wheth-
er the MetS (+) individuals had attended the intervention program 
or not. A previous study showed that men and relatively younger 
(age<65 years) had a lower participation rate compared to their 
counterparts [27]. Second, other socio-economic factors related 
to the incidence and prevalence of MetS are unknown in this 
screening program. The number of family members, the presence 
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of a spouse, and the location of residence might influence the 
lifestyle. Third, factors other than the differences in lifestyles and 
history of CVD, stroke, and renal failure at baseline may explain 
the results of the present study. Long-term lifestyle would be dif-
ficult to change by a single intervention, in a particular elderly 
population. Fourth, we have no data on those aged 75 and over. 
The medical care system for the elderly in the later stage of life 
also started in 2009 in Japan. Further studies on transition to this 
program may be warranted. Finally, other limitations on the di-
agnosis of MetS have been discussed in the previous paper [18].    

Conclusions
This study showed the cumulative incidence of MetS in-

creased steadily after the screening. In particular, subjects aged 
(≥65) men were at risk of developing MetS. However, the main-
tenance rate of MetS has declined steadily even after 3 years 
after the screening. 
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