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Purpose: This study aims to propose a metabolic syndrome (MS) biological age model, through 

which overall evaluation and management of the health status and aging state in MS can be 

done easily. Through this model, we hope to provide a novel evaluation and management health 

index that can be utilized in various health care fields.

Patient and methods: MS parameters from American Heart Association/National Heart, 

Lung, and Blood Institute guidelines in 2005 were used as biomarkers for the estimation of 

MS biological age. MS biological age model development was done by analyzing data of 

263,828 participants and clinical application of the developed MS biological age was assessed 

by analyzing the data of 188,886 subjects.

Results: The principal component accounted for 36.1% in male and 38.9% in female of the 

total variance in the battery of five variables. The correlation coefficient between corrected 

biological age and chronological age in males and females were 0.711 and 0.737, respectively. 

Significant difference for mean MS biological age and chronological age between the three 

groups, normal, at risk and MS, was seen (P,0.001).

Conclusion: For the comprehensive approach in MS management, MS biological age is 

expected to be additionally utilized as a novel evaluation and management index along with 

the traditional MS diagnosis.

Keywords: metabolic syndrome, biological age, biomarker, index, health care

Introduction
Metabolic syndrome (MS) was first named as syndrome X and the underlying cause 

was thought to be insulin resistance.1 The inclusive parameters of MS that are known 

as risk factors of cardiovascular disease are thought to be related to the development 

of cardiovascular disease rather than be independent.2,3 Thus, multiple inclusive 

parameters geometrically increases the risk for cardiovascular disease.4,5 Therefore, 

previous studies have shown the need for prevention of cardiovascular disease through 

aggressive lifestyle modification in not only MS patients but also in those at risk of 

MS with 1 or 2 abnormal inclusive criteria.6,7

Along with the rise in the elderly population, the prevalence of associated chronic 

diseases are being increased resulting in various problems.8 The need for overall 

evaluation and management of MS, a cluster of chronic diseases, has been constantly 

proposed in primary care along with health promotion and age management. Thus, 

the importance and the need for healthy lifestyle are being emphasized not only in 

the medical field but also in the related ubiquitous health care areas.6,9,10 Several 

considerations are needed before applying the same diagnostic criteria of MS in the 
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health care fields as used in medical fields. 1) As the MS 

definition is a categorical diagnosis, it has limitations in 

accurately evaluating the degree or severity of MS. Also 

by this categorical diagnosis, it is difficult to precisely con-

sider the effects of lifestyle modification, so a continuous 

or a quantitative index is required. 2) A relative index with 

which we can make comparison by sex and age considering 

the difference of prevalence of MS according to the com-

posing factors is needed. 3) A comprehensive index with 

which we can take into consideration the MS patients, but 

also the risk population with 1 or 2 components of MS is 

needed. Thus, a comprehensive index for convenient evalu-

ation and management of the health and aging status in MS 

is needed.

Age is known as a general index with which we can 

evaluate the health condition and aging status of an indi-

vidual, and variables that show certain patterns according 

to age are called biomarkers of aging.11 Biological age (BA) 

estimated by the biomarkers of aging which clearly reflect 

the health status with aging has been known as a marker for 

evaluating the body’s physiologic function, health status and 

aging state.12 So, BA has strength in that it is a continuous 

index that can show health state and can show relative com-

parison with people of the same sex and age. Also, with BA 

anyone can easily understand their present health and aging 

state. But chronological age (CA) that we usually call “age” 

is determined according to the simple time flow, so it has 

limitations in the accurate evaluation of one’s physiological 

function, health or aging status.13

Thus, this study aims to propose and evaluate the clinical 

value of a MS BA model, through which overall evalua-

tion and management of the health status and aging state 

in MS can be done. We hope to provide a communication, 

evaluation and management index through which everyone 

can easily understand and manage one’s health and aging 

status. And, we hope to provide a novel evaluation and 

management health index that can be utilized in various 

health care fields.

Materials and methods
Subjects
This study was conducted using data of subjects 

aged $20 years who received routine health check-ups 

including Mediage™ at university medical centers and com-

munity hospitals in Korea from June 2012 through November 

2015. Only the data with all five parameters of the MS pres-

ent proposed by the American Heart Association/National 

Heart, Lung, and Blood Institute (AHA/NHLBI) in 2005 

were included in the analysis. MS BA model development 

was done by analyzing data of 263,828 participants collected 

from January 2014 through November 2015 in which the 

range of diagnostic parameters were included in the refer-

ence range. Clinical application of the developed MS BA 

was assessed by analyzing the data of 188,886 subjects col-

lected from June 2012 through December 2013. The data 

used in the analysis were collected after explaining to the 

subjects prior to the health check-up of utilization in future 

studies and signed informed consent forms were obtained. 

All study methods followed the Declaration of Helsinki 

and were approved by the Medical Ethics Committee of the 

International St Mary’s Hospital. This study was approved 

exempt from review by the Institutional Review Board of 

the International St Mary’s Hospital of Catholic Kwandong 

University. (Mediage was developed in Korea based on 

references14,15 and is widely used in 200 university hospitals 

and health promotion centers in Korea. It is a BA analysis 

system, which is also utilized as an index of health in vari-

ous healthcare fields.)

Parameters
In this study, MS was defined using the 2005 AHA/NHLBI 

guidelines except for waist circumference (WC) in females. 

Inclusive criteria of WC in females were .85.0 cm, which 

is the endemic standard of Korea. WC, systolic blood pres-

sure (SBP), diastolic blood pressure (DBP), fasting blood 

sugar (FBS), triglyceride (TG), and high-density lipoprotein 

cholesterol (HDL-C) were used as biomarkers. As for WC, 

the thinnest area between the inferior part of the lowest 

rib and the iliac crest was measured as a unit of cm when 

subjects were in an upright position. SBP and DBP were 

measured manually two times after a minimum of 5-minute 

rest in sitting position, and the mean value was taken. The 

biochemistry parameters were collected after an overnight 

fast of at least 8 hours.

Inclusion criteria
Generally, it is very difficult to distinguish normal aging 

from pathologic aging. Considering this, in this study, we 

determined the reference range of the individual parameters 

as the range that includes not only the general health state 

of the subjects but also partially the metabolic disturbance 

by aging. And so, physiological and functional decrements 

or pathological change in the beginning of disease that 

occur as part of normal aging process such as impaired 

fasting glucose and first stage hypertension were included. 

But the clear forms of metabolic impairment due to disease 

were excluded considering the reference range data used in 

previous studies.14–16
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Statistical analysis
Correlation analysis and assessment of redundancy
The MS diagnostic parameters, WC, SBP, DBP, FBS, TG 

and HDL-C levels, were used as parameters for MS BA 

model development. First, correlation analysis of age and 

the measured parameters were done. Redundancy of the 

parameters could be suspected by the high level of correlation 

(correlation coefficient $0.7) seen between the individual 

parameters in the correlation analysis. Especially, correla-

tion analysis with age was done after SBP and DBP were 

converted into mean arterial blood pressure (MBP) and partial 

pressure (PP) for exclusion of redundancy and application 

of both parameters in model development.

Principal component analysis (PCA)
In this study, PCA was done for estimating the MS BA. First, 

PCA was done using age and the five MS diagnostic parameters 

as variables. Among the factors, the factor with the highest 

eigenvalue, which is the sum of total variance of parameter 

was decided as the principle component. We confirmed how 

the factor loading value, which is the correlation between the 

factors and variables of PCA changed after exclusion of age.

Construction of BA
A BA score (BAS) was developed using the first principal 

component obtained from PCA based on the selected 

biomarkers. Individual BAS was transformed into terms of 

years (BA) using the T-scale idea (technique of transformation 

from standard score to T-score) as follows, considering they 

are distributed with a mean of 0 and a standard deviation (SD) 

of 1.0. The formula for converting BAS to BA is as follows.

	 BA BAS standard deviation of CA mean of CA= × +( ) .�

Correction of BA estimation equation
Calculation of BA by the above formula makes underestima-

tions of the means for BA for the upper end of the regression 

and makes overestimations for the lower end. To correct this 

systemic error, corrected BA (cBA) was calculated by the 

following correction method.17

	 Corrected BA BA= + z.�

The z value is as follows. z = (yi - y) × (1 - b). The “yi” 

is the CA of an individual and “y” is the average CA of all 

samples. The b is the coefficient of simple linear regression, 

which expresses the relation between the BA and CA.

Results
General characteristics
Among the total data of 263,828 participants that were used 

in the model development, 165,395 were data of men and 

98,433 were data of women. All the clinical parameters 

associated with MS are presented in Table 1. Mean (SD) 

age was 44.2 years (±10.6); 44.3 years (±10.2) in males and 

44.2 years (±11.3) in females. Table 1 shows the mean result, 

SD and reference range of the MS inclusive parameters used 

as biomarkers.

Development of BA model
Correlation analysis and assessment of redundancy
There were statistically significant correlations between 

age and MS inclusive parameters (Table 2). All parameters 

except HDL-C showed positive correlations with age. Cor-

relation analysis between age and blood pressure parameters 

(SBP, DBP, MBP and PP) showed high correlation of SBP 

and DBP. In males, MBP was selected as the blood pressure 

Table 1 Inclusion criteria and mean ± SD of parameters

Parameters Inclusion 
criteria

Mean ± SD

Total 
(n=263,828)

Male 
(n=165,395)

Female 
(n=98,433)

Age, year .20 44.24±10.62 44.27±10.21 44.19±11.28
Waist circumference, cm 60–105 81.77±8.69 84.76±7.36 76.74±8.43
Blood pressure, mmHg

Systolic 80–160 119.15±12.8 121.66±11.89 114.93±13.15
Diastolic 50–100 73.72±9.28 75.43±8.97 70.85±9.1
Mean arterial blood pressure NA 88.86±9.83 90.84±9.27 85.54±9.85
Pulse pressure NA 45.43±8.34 46.23±8.16 44.08±8.46

Fasting blood sugar, mmol/L 2.78–7.77 5.18±0.64 5.25±0.65 5.05±0.59
Triglyceride, mmol/L 0.57–4.52 1.4±0.74 1.55±0.78 1.14±0.56
High-density lipoprotein, mmol/L 0.52–2.33 1.41±0.31 1.33±0.29 1.54±0.32

Notes: Mean arterial blood pressure = (systolic blood pressure +2 × diastolic blood pressure)/3; pulse pressure = (systolic blood pressure – diastolic blood pressure). SI conversion 
factors: to convert fasting blood sugar to mmol/L, multiply by 0.0555; triglyceride to mmol/L, multiply by 0.0113; high-density lipoprotein to mmol/L, multiply by 0.0259.
Abbreviations: SD, standard deviation; NA, not available.
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variable, because MBP showed the highest correlation with 

age among the blood pressure parameters and also high cor-

relation with SBP and DBP. In females, MBP was selected 

as the blood pressure variable although SBP showed higher 

correlation with age than MBP. This was done in order to 

reflect both the SBP and DBP excluding the redundancy 

and collinearity between the two while considering the 

correlation with age.

Principal component analysis
PCA was done with WC, MBP, FBS, TG and HDL-C as 

candidate biomarkers. Factor analysis including age was done 

for analyzing association with age and principal components 

and a significant positive correlation (0.330 in male and 0.630 

in female) was seen. Proposed factors have close correlation 

with age, and we defined these as principle components that 

reflect MS BA. To see the correlation of other biomarkers 

and principle components excluding the influence of age, we 

performed reanalysis after excluding age and confirmed the 

influence of age on the principle components. Eigenvalues 

of .1 were found to be two components in male and one 

component in female. The principal component accounted 

for 36.1% in male and 38.9% in female of the total variance 

and the eigenvalues were 1.804 and 1.947, respectively 

(Tables 3 and 4).

Construction of BA
Principal component score after excluding age was used as 

an index for health status and aging state in MS. Regres-

sion analysis was done using the PCA variables as depen-

dent variables and the five MS candidate biomarkers as 

independent variables. The formula developed after this 

process for estimation of BAS is as follows:

	

BAS in males WC MBP

FBS

( ) ( )

( )

= − + × ×
+ × +

8 112 0 053 0 027

0 021 0 0

. . .

. .

+
006

0 031

×
− ×

(TG)

HDL-C( ). �

Table 2 Pearson correlation coefficients between age and parameters for metabolic syndrome by gender

Age WC SBP DBP MBP PP FBS TG HDL-C

Male
Age, years 1.000 0.105 0.055 0.056 0.060 0.019 0.265 0.014 −0.066
WC 1.000 0.241 0.207 0.236 0.124 0.192 0.283 −0.274
SBP 1.000 0.727 0.897 0.657 0.120 0.137 −0.014
DBP 1.000 0.956 −0.039 0.132 0.159 −0.022
MBP 1.000 0.256 0.137 0.161 −0.020
PP 1.000 0.029 0.026 0.003a

FBS 1.000 0.171 −0.060
TG 1.000 −0.376
HDL-C 1.000
Female
Age, years 1.000 0.307 0.327 0.221 0.282 0.271 0.302 0.212 −0.152
WC 1.000 0.337 0.258 0.308 0.246 0.252 0.289 −0.257
SBP 1.000 0.770 0.920 0.727 0.222 0.199 −0.100
DBP 1.000 0.959 0.122 0.193 0.173 −0.075
MBP 1.000 0.399 0.218 0.195 −0.091
PP 1.000 0.139 0.124 −0.076
FBS 1.000 0.214 −0.140
TG 1.000 −0.371
HDL-C 1.000

Notes: Mean arterial blood pressure = (systolic blood pressure +2 × diastolic blood pressure)/3; PP = systolic blood pressure – diastolic blood pressure. All parameters are 
P,0.001 excepta. aP.0.05.
Abbreviations: DBP, diastolic blood pressure; FBS, fasting blood sugar; HDL-C, high-density lipoprotein cholesterol; MBP, mean arterial blood pressure; PP, pulse pressure; 
SBP, systolic blood pressure; TG, triglyceride; WC, waist circumference.

Table 3 First principal components of the parameters for meta
bolic syndrome (age included)

Parameters First PCA loading

Male Female

Age, years 0.330 0.630
Waist circumference, cm 0.693 0.690
Mean arterial blood pressure, mmHg 0.438 0.569
Fasting blood sugar, mmol/L 0.507 0.577
Triglyceride, mmol/L 0.681 0.632
High-density lipoprotein, mmol/L −0.594 −0.529
Eigenvalue 1.854 2.208
Total variance, % 30.899 36.806

Notes: Mean arterial blood pressure = (systolic blood pressure +2 × diastolic blood 
pressure)/3. All parameters are P,0.001.
Abbreviation: PCA, principal component analysis.
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BAS in females WC MBP

FBS

( ) ( )

( )

= − + × + ×
+ × +

7 448 0 043 0 029

0 027 0

. . .

. ..

.

007

0 025

×
− ×

(TG)

HDL-C( ) �

BAS has limitation of being difficult when explaining 

to the general public as it is not expressed in terms of years. 

To overcome this disadvantage, BAS was converted into 

years (BA) using the T-scale idea as follows, considering 

they are distributed with a mean of 0 and a SD of 1.0.

	 BA in males BAS= × +( ). .10 2 44 3 �

	 BA in females BAS= × +( ). .11 3 44 2 �

The mean (±SD) CA in males and females were 44.3 

(±10.2) and 44.2 (±11.3), respectively. If we express the 

BA estimation equation in detail using the above equation, 

it would be as follows:

	

BA in males WC MBP

(FBS)

( ) ( )= − + × + ×
+ × +

38 440 0 541 0 271

0 213 0 059

. . .

. . ××
− ×

(TG)

HDL-C( )0 312. 	

	

BA in females WC

MBP FBS

( )

( ) ( )

= − + × +
× + × +

39 966 0 484 0 328

0 303 0

. . .

. ..

.

080

0 282

×
×

(TG)

HDL-C( )− �

Correction of BA estimation equation
With the above relationship between CA and BA, there can 

be underestimation of BA for the upper end of the equation 

and overestimation of BA for the lower end. To reduce this 

systemic error, we used the correction equation shown in a 

previous study:17

Corrected BA in males

WC MBP( ) ( )

=
− + × + × +76 095 0 541 0 271 0 213. . . . ××
+ × × + ×

( )

( ) ( )

FBS

(TG) HDL-C Age0 059 0 312 0 850. . .−

Corrected BA in females

WC MBP( ) ( )

=
− + × + ×66 530 0 484 0 328 0 3. . . .+ 003

0 080 0 282 0 601

×
+ × × + ×

( )

( ) ( )

FBS

(TG) HDL-C Age. . .−

The correlation coefficients between corrected BA and 

CA calculated from the above corrected equation in males 

and females were 0.711 and 0.737, respectively. Through 

the correction, both ends of the equation centered on the 

equation y = x (Figure 1).

Clinical applications of the developed  
BA model
Table 5 shows the mean (±SD) of corrected BA and CA 

according to gender and age groups. To evaluate the possibil-

ity of clinical application of MS BA estimation model, three 

categories were made; normal group, 1–2 risk variable group 

(those with 1–2 risk variables), and the MS group. The mean 

difference of MS BA and CA between the three groups were 

Table 4 First principal components of the parameters for 
metabolic syndrome (age excluded)

Parameters First PCA loading 

Male Female

Age, years – –
Waist circumference, cm 0.705 0.703
Mean arterial blood pressure, mmHg 0.443 0.557
Fasting blood sugar, mmol/L 0.445 0.559
Triglyceride, mmol/L 0.724 0.689
High-density lipoprotein, mmol/L −0.624 −0.597
Eigenvalue 1.804 1.947
Total variance, % 36.073 38.937

Notes: Mean arterial blood pressure = (systolic blood pressure +2 × diastolic blood 
pressure)/3. All parameters are P,0.001.
Abbreviation: PCA, principal component analysis.

Figure 1 Relationship of corrected biological age in function of chronological age for male (A) and female (B).
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analyzed using analysis of variance and showed significant 

difference (P,0.001; Table 6).

Discussion
Most studies show that the prevalence of MS rises with 

age in both men and women.19–22 Especially in women, the 

prevalence rapidly increases after menopause. This rise in 

prevalence is known to be due to the increase of chronic 

diseases such as central obesity, hypertension, diabetes, 

dyslipidemia, and deficiency in sex hormones with increas-

ing age.23,24 Thus, this study aimed to propose a model for 

MS BA which can be utilized in both the medical fields and 

ubiquitous healthcare fields along with the existing diagnosis 

for MS because interest for aggressive management of MS 

is increasing.

Generally, aging has features of physiological function 

decrease and change in physical form as time goes by. The index 

for evaluating the degree of aging is “age” or calendar age.  

Increase in age means frailty, which can be interpreted as 

decrease in physical function and lowered overall health state. 

In the same context, the evaluation of aging is assessing the 

present health state. Calendar age is generally known as the 

marker for aging, which is the flow of time after birth com-

monly applied to everyone. But, calendar age cannot fully 

reflect one’s aging degree. Because it does not take into consid-

eration the features of aging, which are the difference between 

individuals or the difference of the organs in an individual.13 

However, BA is the age which evaluates one’s physiological 

function and can be proposed as a relative age according to 

sex and age. And so, BA is known to evaluate more accurately 

one’s physiological function or health and aging state com-

pared with others of the same sex and age group.12 Also, BA 

can be used as a predictive index for one’s decrease in physical 

function, disease development and mortality.25,26 Various BA 

estimation models are being proposed as the importance of 

BA is being more noticed and utilized.14–16

BA is, generally, composed of the combination of 

biomarkers27 and stands for one’s overall health state and 

aging state compared with those in the same age. Biomarkers 

which are the base of BA can be objectively measured and 

evaluated as markers of normal aging process, progression to 

disease or treatment response.28 Thus, MS BA which used the 

inclusive parameters of MS as biomarkers can be expected 

to be utilized as a novel evaluation and management index 

in the assessment of the overall state of MS.

Individual parameters that compose the MS BA model 

have the following significance as biomarkers. WC is known 

as the most reliable biomarker by which we can diagnose 

central obesity and predict visceral fat amount, which 

increases with age.29–32 Also, several studies have reported 

central obesity as the preceding factor among the inclusive 

Table 5 Mean ± SD of cBA and CA by gender and aged groups

Age 
group

n (%) cBA CA cBA – CA

Male
TG 109,517 (100.0) 45.46±14.96 45.28±11.45 0.18±9.86
YG 37,954 (25.4) 33.28±11.15 33.33±4.05 −0.05±9.91
MG 59,294 (58.6) 49.23±11.15 48.55±5.50 0.68±9.85
OG 12,269 (16.0) 64.91±10.31 66.48±5.57 −1.56±9.56
Female
TG 79,369 (100.0) 46.02±16.17 45.71±12.43 0.31±10.17
YG 27,239 (24.3) 32.60±10.23 32.40±4.66 0.20±9.45
MG 40,870 (54.9) 49.08±12.14 48.87±5.53 0.22±10.49
OG 11,260 (20.8) 67.35±11.38 66.45±5.45 0.90±10.65

Notes: Young group: 20.0# CA ,40.0 years, Middle group: 40.0# CA ,60.0 years, 
old group: CA $60.0 years.
Abbreviations: MG, middle group; OG, old group; SD, standard deviation; TG, total 
group; YG, young group; cBA, corrected biological age; CA, chronological age.

Table 6 Comparison of differences of mean ± SD cBA and CA in normal, risk and metabolic syndrome groups

Age group Normal Risk Metabolic syndrome P-value

n (%) Mean ± SD n (%)  Mean ± SD n (%) Mean ± SD

Male
TG (n=109,517) 30,860 (100.0) −9.07±6.12 59,326 (100.0) 0.86±6.97 19,331 (100.0) 12.84±6.60 ,0.001
YG (n=37,954) 13,823 (44.8) −8.32±6.02 19,275 (32.5) 2.13±6.90 4,856 (25.1) 14.84±6.34 ,0.001
MG (n=59,294) 14,839 (48.1) −9.35±6.06 32,833 (30.0) 0.90±6.78 11,622 (60.1) 12.87±6.39 ,0.001
OG (n=12,269) 2,198 (7.1) −11.93±6.25 7,218 (12.2) -2.71±6.80 2,853 (14.8) 9.33±6.40 ,0.001
Female
TG (n=79,369) 34,339 (100.0) −6.46±6.38 36,306 (100.0) 2.85±7.61 8,724 (100.0) 16.41±8.57 ,0.001
YG (n=27,239) 16,449 (47.9) −4.57±6.01 9,791 (27.0) 5.83±7.46 999 (11.5) 23.75±7.51 ,0.001
MG (n=40,870) 16,122 (46.9) −7.85±6.12 20,198 (55.6) 2.71±7.19 4,550 (52.2) 17.76±7.72 ,0.001
OG (n=11,260) 1,768 (5.1) −11.37±6.14 6,317 (17.4) −1.33±7.09 3,175 (36.4) 12.15±7.82 ,0.001

Notes: Young group: 20.0# CA ,40.0 years; middle group: 40.0# CA ,60.0 years; old group: CA $60.0 years.
Abbreviations: CA, chronological age; MG, middle group; OG, old group; SD, standard deviation; TG, total group; YG, young group; cBA, corrected biological age; CA, 
chronological age.
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parameters of MS.33,34 BP is known as the most common 

biomarker representing cardiovascular function. Especially, 

SBP increases with age and is known as a marker which 

predicts coronary artery disease and life expectancy.18,35–37 

Correlation analysis was done in this study after conversion 

to PP and MBP in order to reflect both the SBP and DBP 

excluding the redundancy and collinearity between the two. 

Correlation analysis after conversion of the BP parameter 

showed MBP to have higher association with age and higher 

correlation with SBP and DBP than PP, so it was used as the 

biomarker of BP in MS BA. MBP which is known as a marker 

that reflects vascular resistance was shown to increase with 

age in previous studies38 and also showed positive correlation 

with age in this study. FBS has close association with insulin 

resistance, which is known as the underlying cause of MS 

that increases with age. Type 2 diabetes of high FBS alone 

is known as a strong predictive factor for the development of 

cardiovascular disease than MS or other risk factors.39,40 TG 

is known as a marker for storage body fat.41 Thus, increase 

of serum TG level has a very close relationship with central 

obesity and insulin resistance42,43 and also several studies have 

reported high positive correlation with insulin resistance.44,45 

HDL-C has protective effects against cardiovascular disease 

by helping transportation of intravascular cholesterol to 

liver.41 Thus, separate evaluation and management of the MS 

inclusive parameters known as independent cardiovascular 

disease risk factors is important, but overall evaluation and 

management is important also. Therefore, the use of MS BA 

for the comprehensive evaluation and management of MS is 

expected to strengthen the weakness of using just the existing 

dichotomous diagnosis of MS.

Commonly, the diagnosis of a disease which has a binary 

structure is determined by whether the variables reflecting 

disease state are in a certain reference range or off range. 

MS also is diagnosed when three or more of the five criteria 

parameters are off the reference range. But, this way of diag-

nosis has limitations in that it cannot reflect disease biology.46 

For example, type 2 diabetes also is defined by a binary struc-

ture with the measurement of a continuous variable. A fasting 

blood glucose level of .126 is defined as type 2 diabetes 

and so blood glucose of 124 is not considered as important 

or dangerous but levels of 126 and 190 are considered as 

similar states. The importance of quantitative evaluation of 

MS severity, management and improvement after lifestyle 

modification is more emphasized in ubiquitous health care 

fields as they target relatively healthy subjects compared 

to medical fields that have purpose in treating disease. The 

importance of quantitative evaluation can be seen by the 

significant difference of MS BA and CA between the normal, 

risk and MS groups (Table 6). The differences of mean (±SD) 

corrected BA and CA in normal, risk and MS groups might 

have resulted from the deterioration of BA with increasing 

MS inclusive parameters. Thus, MS BA can be utilized as 

a quantitative evaluation and management index that can 

strengthen the weakness of categorical diagnosis.

Patients with one or more chronic diseases are increasing 

worldwide with increase of the elderly population. According 

to a previous study done in 2005, 21% of the American 

population had 1 or more chronic disease with duration of 

at least 1 year.8 Thus, a more active and overall manage-

ment of MS is required since MS is associated with chronic 

disease due to unhealthy lifestyle habits.26 Therefore, various 

approaches in the ubiquitous health care field which proposes 

health promotion through maintaining healthy lifestyles and 

grafting-associated service fields to support MS management 

is inevitable.6,9,10,47

The implication and importance of the MS BA proposed 

in this study has several advantages. First, it has meaning as a 

communication index in which anyone can easily understand 

one’s health and aging state by a new form of age. Second, 

MS BA has meaning as a relative evaluation index in which 

one can compare the degree of MS with others in the same sex 

and age group. Third, generally, with the management of MS, 

some inclusive parameters get better and others get worse. 

Thus, there can be difficulty in assessing whether MS has 

really been improved. MS BA can be used as a comprehensive 

index which can evaluate the improvement of MS despite the 

differences in the improvement of individual parameters.

But, several limitations have to be considered in this 

study. First, this MS BA model was developed using data of 

Koreans, so there might be limitations in applying to other 

race or regions. It is wellknown that there is a difference in 

WC criteria among Asians and Westerners and also slight 

differences between Asian countries. Thus, data analysis, 

application of average, SD, range and distribution according 

to gender and age should be taken into consideration before 

applying this model. Second, the special medical environ-

ment of health checkups being popular in Korea and the 

possibility of selection bias of limited data collection must 

be considered. Finally, this study was a cross-sectional study 

and the limitations of this and also limited evaluations due to 

limited data collection should be complemented by prospec-

tive studies in the future.

The inclusive parameters of MS have close relationship 

with insulin resistance. Especially, the risk for cardiovascular 

disease is known to increase geometrically with the 
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simultaneous existence of multiple inclusive parameters 

rather than the simple sum of individual parameters. Thus, 

although approach to the individual parameters is important, 

but an overall approach to MS is necessary. Also, not only 

the medical treatment but also approach from the ubiquitous 

health care fields for healthy lifestyle modification and health 

promotion is needed in MS management. For the comprehen-

sive approach in MS management, MS BA is expected to be 

additionally utilized as a novel evaluation and management 

index along with the traditional MS diagnosis.

Conclusion
This study aimed to propose a novel evaluation and manage-

ment index which can show the overall MS state or severity 

in view of health promotion and aging management by 

developing a MS BA model for utilization in various fields. 

Thus, the MS BA model proposed in this study has several 

implications. 1) It can be used as a continuous or quantita-

tive evaluation index for the overall state and severity of 

MS in the view of health promotion including health and 

aging. 2) It can be used as a relative evaluation and com-

munication index in which one can compare the degree of 

MS with others according to sex and age. 3) It can be used 

as a comprehensive index which can evaluate the improve-

ment of MS despite the differences in the improvement of 

individual parameters.
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