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Abstract - The aim of the study was to compare three different biological age (BA) estimation methods of multiple linear 
regression (MLR), Principal component analysis (PCA), and that of Klemera and Doubal (KDM). In a previous study, three 
BA models were developed for feasibility comparisons. Although mathematically compared, feasibility assessment should be 
conducted for applicability in a clinical setting. Fifteen middle aged female subjects with metabolic syndrome and 15 age range 
matched healthy subjects were compared for BA calculated by the three estimation methods. As results, the PCA and KDM 
methods showed significantly greater BA in comparison to CA in subjects with metabolic syndrome. Although KDM showed 
smaller difference in BA in comparison to BA of PCA, PCA show greater variance in standard deviation. In conclusion, KDM 
and PCA estimation methods showed significant changes in BA for possible application in clinical field. However, greater 
variance in results of PCA needs to be considered for accuracy. 
 
Index Terms - Biological age, Chronological age, Multiple linear regression, Principal component analysis 
 
I. INTRODUCTION 
 
It is inevitable that human age and deteriorates with 
passage of time.  Chronological age (CA) is the 
measure of the elapsed time since the birth of an 
individual. Chronological age can be easily calculated 
for everyone throughout their lives since CA relies on 
the universally acknowledged time measurement 
system. Chronological age of a person can be agreed 
and understood by anyone in the world. However, 
physiological changes and deterioration rates differ 
from a person to person. Estimation markers may be 
utilized to assess individual physiological state. 
Personally unique functional, physiological, and 
pathological conditions have been utilized to assess 
biological age of an individual since the deterioration 
rates diversify with advancing chronological age [1, 
2]. Biological age (BA) is an unbiased estimation 
method of relative physiological and biological state 
and vulnerability for morbidity [1, 2]. The goal of BA 
is to compare physiological state of peer CA group and 
digitalize the extent and rate of deterioration [1, 3, 4].  
Extensive investigations have been done to various 
biomarkers to obtain a standardized set of biomarkers 
and a biological age prediction model [1, 2]. Various 
statistical approaches and biomarkers have been 
applied to obtain various type of prediction models. 
Although a universally applicable biomarkers and 
biological age prediction models have not been 
suggested [3], several estimation approaches have 
been suggested. In a study previous study, three 
different statistical calculations have been developed 
for BA estimation using a large number of Korean 
men. One of the methods utilized multiple linear 
regression method (MLR), the other method utilized 
principal components (PCA), and the last method 
utilized modification of multiple linear regression 
method (KDM) with biomarkers as function of CA 
[4-8].  

 
Out of 31 commonly tested clinical variables 
composed of physiological, hematological, and 
urological variables of 3642 study subjects, 8 
variables, SBP (systolic blood pressure), WC (waist 
circumference), TC (total cholestol), Glutamic 
Oxaloacetic Transaminase; Frtn: ferratin; BUN: blood 
urea nitrogen; Ucrea (Urine creatinine): FEV1: forced 
expiratory volume in 1 second,  were selected and 
utilized as biomarkers of BA [9]. Out of the three 
methods, the KDM method showed greater accuracy 
with lesser under- and over-estimation at the either 
sides of the age spectrum. On the other hand, the MLR 
and PCA estimation models were more 
straightforward and simpler to formulate for 
practicability. The BA estimation models were tested 
for the applicability by comparing between a control 
group and a diabetic group. The PCA and KDM 
methods showed significantly greater BA in the 
diabetic group than the control group [4, 5, 9].   
Although the previous study showed applicability of 
the developed methods, it would be an impetuous 
decision to conclude which method is more applicable 
in a real clinical setting. Therefore, this study was 
prepared to further compare three different methods 
with subjects with metabolic syndrome which is one of 
the representative adult disorders. 
 
II. PROCEDURE FOR PAPER SUBMISSION 
 
A. Materials and Procedures 
Comprehensive data from the Fourth and Fifth Korea 
National Health and Nutrition Examination Surveys 
(KNHANES) were utilized in this study.  
Anthropometric, cardiovascular, respiratory, 
hematological, and urological indices were included 
with health behavior questionnaires. Written consent 
was obtained for clinical investigations prior to each 
health examination. The assessed variables were 
obtained during routinely held health examinations 
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nationwide. The fourth and fifth KNHANES III 
assessment data for the years 2009 to 2011 were 
approved by the ethics committee of the Korea Centers 
for Disease Control and Prevention (IRB approval no: 
2009-01CON-03-2C, 2010-02CON- 21-C, 
2011-02CON-06-C). Thirty female participants 
between the ages of 45 to 60 (mean 53.4 (SD 4.72)) 
years were selected. The study protocol was designed, 
approved and conducted in accordance with the ethical 
standards of the Declaration of Helsinki with approval 
from the Institutional Review Board of the Korean 
Center for Disease Control and Prevention. 
BAs of patients with metabolic syndrome (MS, n = 15) 
were compared with those of healthy subjects (n=15). 
Age range matched subjects with all eight biomarkers 
were randomly selected. The selection criteria used to 
select metabolic syndrome was based on the guideline 
of the National Cholesterol Education Program Adult 
Treatment Panel II. NCEP defines metabolic 
syndrome if three out the five variables met the 
diagnostic criteria: waist circumference > 88cm, 
glucose level ≥ 110mg/dL, triglyceride level ≥ 
150mg/dL, HDL-cholesterol level < 50mg/dL, and 
blood pressure ≥ 130 or 85mmHg [10]. All of the 
clinical manifestations such as cancer, hypertension, 
diabetes mellitus, dyslipidemia, and thyroid 
dysfunction were reviewed and excluded to allow the 
influence of metabolic syndrome on BA to be 
investigated in the absence of obvious confounders [3, 
4, 9]. 
 
B. Biological age prediction models 
In order to observe the intrinsic biological progression 
of aging, the participants with cofounding factors for 
abnormal aging were be excluded prior to developing 
BA estimation models. Subjects who were medically 
diagnosed of conditions such as cancer, hypertension, 
diabetes mellitus, dyslipidemia, and thyroid 
dysfunction were excluded prior to selecting 
biomarkers [3, 4, 9]. In addition, outlier values were 
also excluded according to previous studies: SBP 
(<160 mm Hg), WC (65.5–101.2 cm), TC (<225 
mg/dL), GOT (10– 40 mg/dL), Frtn (12–150 mg/dL), 
BUN (5–20 mg/dL), Ucrea (0.4– 1.1 mg/dL), and 
FEV1 (FEV1/FVC > 0.70) 

 
C. Multiple linear regression analysis 
Multiple linear regression analysis (MLR) is one of the 
first and most commonly utilized statistical methods 
for obtaining BA prediction model [6, 7, 8, 9]. It is 
based on a fundamental multiple regression function. 

 
. BMLR = 28.468 + 0.159 × SBP + 0.134 × WC + 

0.040 × TC + 0.218 × GOT + 0.060 × 
FRTN + 0.650 × BUN + 0.021 × Ucrea + 
10.662 × FEV1                          (1) 

D. Principal component analysis 
Principle component analysis (PCA) is another 
popular method which extends its calculation steps 
with multiple linear regression calculations. PCA 

constructs a covariance structure through an 
orthogonal transformation. In order to correct the 
under- and over-estimated BA values, the biological 
age model must be adjusted. The final estimation 
formula is as follows [3, 9]. 

 
BPCA = -38.37 + 0.268 × SBP + 0.300 × WC + 

0.107 × TC + 0.610 × GOT + 0.086 × 
FRTN + 0.642 × BUN + 0.032 × Ucrea + 
8.223 × FEV1 + 0.291 × CA         (2) 

 
E. The Klemera and Doubal Method 
The Klemera and Doubal method utilizes the 
mathematical relations between BA, CA, and selected 
biomarkers. It is a novice method suggested by 
Klemera and Doubal [8, 9]. 
 

퐊퐃퐌퐁′ =
∑ 퐱퐣  퐪퐣

∑   
                     (3) 

 
Using above equation, following results were derived 
by applying each biomarker. 

퐬퐁ퟐ = 85.184, 
퐤퐁
= [0.579, 0.119, 0.656, 0.130, 0.760, 0.090,  

−1.438,−0.024] 
퐒
= [12.221, 6.566, 24.425, 4.545, 26.096,  

2.957, 59.565, 0.341], and 
퐪
= [84.458, 71.919, 150.766, 13.002, 9.785,  

8.657, 187.044, 3.748] 
where xj are biomarkers of normal female subjects and 
c is chronological age [9]. 
 
III. RESULTS AND DISCUSSION 
 
A. Metabolic syndrome 
Eight biological age biomarkers, SBP, WC, TC, GOT, 
Frtn, BUN, Ucrea, and FEV1, selected through 
previous study were applied to BA estimation models 
of multiple linear regression (MLR), principal 
component analysis (PCA), and Klemera and Doubal 
(KMD) developed in previous study. 15 subjects with 
metabolic syndrome and 15 controls were selected 
from the fourth and fifth KNHANES III assessment 
data for the years 2009 to 2011 were approved by the 
ethics committee of the Korea Centers for Disease 
Control and Prevention.  
 
The mean ages (standard deviation) of the age range 
(45 to 65 years) matched subjects with metabolic 
syndrome (n=15) and healthy controls (n=15) were 
53.7 (6.34) years and 54.3 (7.36) years without 
significance. Body mass index (BMI) for the subjects 
with metabolic syndrome and controls were 28.4 
(4.32) and 24.8 (5.92) kg/m2 with significant 
difference between the results.  Comparative results of 
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BA calculated by the MLR, PCA, and KDM methods 
were shown in Figure 1.  Biological ages of healthy 
controls were 54.2 (7.36) years, 54.2 (8.40) years, 55.7 
(17.65) years, and 51.2 (5.61) years for CA, KDM, 
PCA, and MLR, respectively. Biological ages of 
subjects with metabolic syndrome were 53.7 (5.50) 
years, 56.2 (8.69) years, 58.5 (13.4) years, and 52.3 
(7.78) years for CA, KDM, PCA, and MLR, 
respectively. 

 

 
Figure 1. Biological age of metabolic syndrome (n=15) and 

healthy subjects (n=15) by MLR, PCA, and KDM estimation 
methods 

 
After testing for the normal distribution state of the 
results, t-test was conducted to compare between 
KDM, PCA, MLR, and CA for both the subjects with 
metabolic syndrome and healthy subjects. These 
comparisons were conducted to show changes in BA 
and discrepancies between the results. Significant 
differences were shown between CA and KDM and 
CA and PCA (p<0.05). Subjects with metabolic 
syndrome showed significantly greater biological age 
by 2.5 years and 2.4 years with the KDM and PCA 
methods. However, MLR results showed negative BA 
of 1.4 years. These results were similar to previous 

results done with subjects with impaired glucose 
tolerance [9].  
 
CONCLUSION 
 
The KDM and PCA methods showed feasibility in 
metabolic syndrome for possible application in the 
clinical setting. Greater variation in PCA need to be 
further assessed for it greater variations in results in 
both clinical and healthy subjects.  
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