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Abstract
Introduction: The aim of the study was to establish a two-dimensional system based on organic and functional biological age (BA) using a biomarker of organic and functional impairment with aging for precisely assessing
roles of natural aging and other risk factors in chronic disease.
Material and methods: The index of organic mild impairment, which is similar to the frailty index, was determined with imaging parameters as organic
BA. The functional BA was calculated with the following formula: Functional
BA = [systolic – diastolic BP (mm Hg)] × waist circumference2 (m) × height0.5
(m)/weight (kg). A total of 1047 subjects undergoing routine health examination were randomly selected to establish a system with organic BA on
the X-axis, functional BA on the Y-axis; organic and functional BAs from
chronological age with 60 years as a center point of the coordinate system.
A total of 85 patients with type 2 diabetes controls were recruited to verify
the system.
Results: Organic and functional BA contributed to chronological age almost
equally. Both organic and functional BA increased with chronological age in
the two-dimensional system for a random population. There were significant
difference for distribution between diabetes and control groups in two-dimensional system (p < 0.05). That both more in quadrant II and lesser in
quadrant IV for diabetes were suggested that diabetes was more sensitive
to other risk factors than aging.
Conclusions: Combination of the two BAs could precisely recognized aging
and other risk factors according to locations of the disease in each quadrant and quantitatively assessed status of nature aging and disease-related
aging in a individual.
Key words: aging, biological age, obesity, blood pressure, biomarker.

Introduction
The incidence and development of chronic diseases are related to various factors, such as aging, genetics, smoking, overweight, and hyperlipidemia [1–4]; however, these risk factors are not necessarily associated
with any particular disease. It is well known that incidence of chronic diseases increases with age, therefore, aging is believed to be the most significant risk factor for developing chronic diseases [5–7]. We believe that
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reliability of these risk factors with lack of aging
as an integer is questionable due to our previous
study which found that the role of aging was over
80% in most chronic diseases [7]. It is necessary
to evaluate the characteristics of chronic diseases
using 2 properties: (1) aging and (2) other risk factors excluding aging.
Biological age (BA) is an objective expression
of the degree of aging and can be determined using a variety of methods and models [8–10]. BA
is typically determined from characteristics such
as body shape [11–13], skin wrinkling [14–16],
and graying of the hair [17–19], which are known
to change with time. BA is also determined from
physiological indexes, such as the physical frailty
[20–22], blood pressure (BP) [23], heart rate [24],
pulmonary function [8, 25], and from brain function variables, such as memory and arithmetic
ability [26, 27], which are also known to change
with age. We believe that these biomarkers can be
classified as organic and functional impairment
with aging and two types of BA can be defined
using organic and functional biomarkers as functional BA and organic BA respectively.
Aging is also a typically complex process to
which a hitherto unknown number of genes contribute by interacting with each other and the
external factor [28–30]. Here, “external factor” refer to any cause that is not inherited genetically.
The external factors that contribute to aging also
contribute to chronic diseases [31]. Because the
organic BA could be uncontrollable, the organic
BA could be affected by genetic factors; whereas, compared with organic BA, much, but not all,
functional BA can be controlled, the functional BA
could relatively be affected by external factors including environmental quality, quality of material
life and quality of social life. Natural aging and
other risk factors excluding aging could precisely be recognized with combination of the 2 BAs
in chronic diseases. We found that these 2 BAs
varied significantly in diabetes mellitus. A better
understanding of 2 BAs’ associations will be beneficial for developing a theoretical basis for strategies to prevent and control chronic diseases.

Material and methods
Subjects
The Institutional Ethics Committee of Dalian
Medical University approved the study and waived
the need for written informed consent from the
participants due to the observational nature of
the study.
Subjects scheduled for routine health examinations from the First Affiliated Hospital of Dalian
Medical University, China, between October 2012
and November 2012 were selected to establish
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the two-dimensional system. The inclusion criteria were that results of height, weight, waist
circumference (WC), blood pressure, imaging ultrasounds, chest radiography and electrocardiography should be recorded.
Patients with type 2 diabetes (56 men and 29 women, average age was 67.1 ±13.4 years) were selected from the First Affiliated Hospital of Dalian
Medical University, China, between October 2012
and November 2012, according to these diagnostic criteria: 1) glycated hemoglobin A1c ≥ 6.5%;
2) fasting plasma glucose ≥ 7.0 mmol/l; or 3) blood
glucose at 2 h in the oral glucose tolerance test
≥ 11.1 mmol/l [32]. The exclusion criterion was type 1
diabetes. Age- and gender-matched diabetic patients
were recruited as a control group from above individuals with normal fasting plasma glucose (3.89–6.11
mmol/l) using stratified random sampling.

Functional BA
The height and weight of each subject were
measured with height- and weight-measuring
scales with precisions of 0.1 cm and 0.1 kg, respectively. WC was measured using a measuring
tape at the umbilical level.
The waist circumference density index (WCDI)
was calculated using the following formula as an
aging biomarker [33]:
WCDI = 2 W
P × H
where W represents weight (kg), H represents
height (m) and P represents waist circumference
(m). The smaller the WCDI, the older is the age.
BP was measured with a standard mercury
sphygmomanometer. The difference between systolic and diastolic BP (pulse pressure) was considered as an aging biomarker [34, 35]. The larger the
difference, the older is the age.
The functional BA was calculated with the following formula:
(S – D) × P2 × H
Functional BA = S – D =
W
WCDI
where S represents systolic BP (mm Hg), D represents
diastolic BP (mm Hg), W represents weight (kg),
H represents height (m) and P represents WC (m).

Organic BA
Organic mild impairment (OMI) is defined as
gradually occurring minor pathological impairment in the organs that is mainly attributed to endogenous factors. OMI, which is not characterized
by specific clinical symptoms, can be detected by
imaging. In this study, the index of OMI (IOMI) was
calculated and used as a quantitative biomarker
of organic BA. The IOMI is similar to the frailty index, which is a possibility linking age-related accumulation of health deficits [36–38].
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Determining the IOMI involved 6 examinations for organic impairment: 1) hepatic, 2) renal,
3) thyroid, 4) prostate (men only) or pelvic (women only) imaging ultrasounds, 5) chest radiography, 6) resting electrocardiography.
Ultrasonography was conducted with a probe
frequency that ranged from 3.5 to 5 MHz. The
examined organs included the liver, kidney, prostate (males) and uterus and its appendages (females), and thyroid. Before the examinations,
all subjects fasted for over 8 h. The abdominal
examinations were conducted with the subjects
in a supine position and in the left and right lateral positions. The subjects drank 1–1.5 l of water within 1–2 h before the ultrasound examination of the bladder, prostate (males) and uterus
and its appendages (females) to ensure that the
bladder was filled. Chest radiography was of the
anteroposterior and lateral views. Electrocardiography was performed using 12 standard leads in
the supine position.
Various pathological changes or suspected
pathological changes in the above imaging reports, except for skeletal abnormalities, were defined as organic lesions in this study. Subjects
without any specific imaging findings, except for
skeletal abnormalities, were considered “normal”
in this study. The result was evaluated by two to
three physicians with the same protocol.
The IOMI could be calculated simply as the ratio of the deficits present in a person to the total
number of deficits considered in a given study setting [36]. A score of 0 represented normal results
and a score of 1 denoted abnormal results. The
sum of the scores of the above tests was used to
assess organic BA.
For example, if the hepatic and renal ultrasounds were abnormal while the other tests were
normal, the value of organic change was 1 + 1 +
0 + 0 + 0 + 0 = 2. Organic BA was defined as the
percentage of organs with OMI and was calculated as follows [36]: Organic BA = (value of organic
change/6) × 100%.

Statistical analysis
In evaluating the contribution of organic and
functional BAs to aging, age was applied as the
dependent variable, while the organic and functional BAs were used as the independent variable.
The degree of contribution to aging was measured
with R2. The analyses were performed with SPSS
(SPSS Inc., Chicago, IL). P-values < 0.05 (twotailed) were considered significant.

Two-dimensional system
We plotted the scatter diagram to consider the
effects of organic and functional BAs on aging to-

gether. The organic BA was plotted on the X-axis;
functional BA was plotted on the Y-axis; organic
and functional BAs from chronological age with
60 years was considered as a center point to set
up the coordinate system. We used the locations
of the various groups in this coordinate system to
sort them according to whether functional BA was
higher or lower than the organic BA.

Risk assessment for diabetes
Organic and functional BAs were obtained from
patients with type 2 diabetes and subjects in control groups. The locations of the various groups
in the coordinate system were used to assess
diabetes by characteristics of risk from organic
and functional BA. The constituent ratio in each
quadrant of distribution in the diabetes group was
compared with that in the control population using the c2 test. P < 0.05 was considered to indicate
a statistically significant difference (two-tailed
test).

Results
A total of 1047 subjects (432 men and 615
women, average age was 47.3 ±15.8 years) were
selected to establish regression equation and
the two-dimensional system. The original data
for organic and functional BA in each age group
are presented in Table I. The regression equation
with chronological age as the dependent variable
and functional or organic BA as the independent
variable was respectively calculated as follows:
Age = 0.441 organic BA + 32.487; R2 = 0.467; p-value < 0.001; Age = 43.711 functional BA + 17.900;
R2 = 0.494; p-value < 0.001.
The center point was 62.38 for organic BA and
0.96 for functional BA when chronological age was
60 years. A two-dimensional system could be established with organic BA as the X-axis; functional
BA as the Y-axis and 60, 1.0 as the center point as
shown in Figure 1. There were different distribution of subjects between fasting plasma glucose
≥ 6.11 mmol/l and that < 6.11 mmol/l from same
population (p < 0.05).
Distribution of chronological age in the two-dimensional system is presented in Table II. There
Table I. Contribution of functional or organic BA to
chronological age for random population
Age groups [years]

Organic BA
(mean ± SD)

Functional BA
(mean ± SD)

> 60

26.41 ±19.80

0.58 ±0.14

≤ 60

62.44 ±20.20

1.03 ±0.28

0.467

0.494

R2

Combination: Age = 0.27 organic BA + 28.98 functional BA + 18.73,
R2 = 0.618.
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Functional BA

Functional BA

Glucose ≥ 6.11
16.9%
25.4%
Glucose < 6.11
2.5%
4.1%
		
III
	

Organic BA
IIIIV

Diabetes
18.8%
30.6%
Cotrol
10.6%
17.6%
		
III
	

Organic BA
IIIIV

Glucose ≥ 6.11
Glucose < 6.11

Diabetes
Control

40.0%
85.5%

17.7%
7.9%

35.3%
44.7%

(c2 = 172.465, p < 0.001)

15.3%
27.1%

(c2 = 8.630, p = 0.035)

Figure 1. Different distribution of subjects with
fasting plasma glucose ≥ 6.11 mmol/l and those
with < 6.11 mmol/l from same population in
two-dimensional system with (60, 1.0) as coordinate origin

Figure 2. Locations of the diabetes and control
groups with gender- and age-matched subjects in
two-dimensional system with (60, 1.0) as coordinate origin

is a significant difference for distribution between
each quadrant in the two-dimensional system
(p < 0.05).
A total of 85 patients with type 2 diabetes (56
men and 29 women, average age was 67.1 ±13.4
years) and age- and gender-matched controls were
selected. The locations of the diabetes and control
groups are presented in Figure 2. There is a significant difference for distribution between diabetes
and control groups in the two-dimensional system
(p < 0.05).

with chronological age in the two-dimensional
system (Tables I and II), indicating that organic
and functional BA as an integer were reasonable
to assess the different effects of aging.
The original BA is relatively uncontrollable and
mainly represents natural aging. The functional BA
in this study is calculated with hypertension and
obesity; the latter is also associated with many
chronic diseases in both genetic and external factors [32, 39–41]; we considered functional BA as
disease-associated aging for this reason. The risks
for chronic diseases from aging and other factors
could be discriminated through the two-dimensional system based on two BAs. Quadrant II in
the two-dimensional system represents other risk
factors that are not related to natural aging for
a chronic disease. Quadrant IV represents risk
from natural aging for a chronic disease. Quadrant I and quadrant III represent synergistic roles
from both natural aging and other risk factors in
a chronic disease.
It is well known that the incidence of diabetes mellitus increases greatly as a society develops and is more sensitive to external risk factors
[42–45]. Therefore, diabetes mellitus was used as
the reference disease in the present study. Subjects with higher fasting plasma glucose could
be considered as a risk population for diabetes
[44]; thus, subjects with fasting plasma glucose

Discussion
The organic BA was determined based on imaging parameters; therefore, it was a semi-quantitative reflection of pathological change with
aging. The functional BA was determined based
on BP and obesity parameters; therefore, it was
a reflection of change with aging in the endocrine
system and metabolism. In this study, organic and
functional BA were associated with chronological
age and contributed to chronological age almost
equally; the role of the two variables was independent of age, indicating that the two-dimensional
system can be established by measuring organic
and functional BA, which is the main rationale for
using the two-dimensional system to evaluate aging, health and disease risk. Our results revealed
that both organic and functional BA increased

Table II. Distribution of chronological age in two-dimensional system based on organic and functional BA for
random population
Quadrant

N

Age, mean ± SD

I

71

74.6 ±8.7

II

45

71.2 ±11.4

III

836

42.0 ±11.4

IV

95

62.4 ±14.1

1047

47.3 ±15.8

Total

132

Quadrant I vs. Quadrant III
t

P-value

23.658

< 0.001

–

–
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≥ 6.11 mmol/l and those with < 6.11 mmol/l from
the same population were observed with the
two-dimensional system (Figure 1). The frequencies in subjects with higher fasting plasma glucose
were relatively higher than those in subjects with
lower fasting plasma glucose within quadrant II
and quadrant IV, suggesting that both natural aging and other risk factors played an important role
in diabetes. The frequency in subjects with higher
fasting plasma glucose was higher within quadrant I and it was lower within quadrant III, suggesting that there was an interaction between natural
aging and other risk factors for development of diabetes. The difference of distribution between the
diabetes and control groups with gender- and agematched subjects in the two-dimensional system
was similar to that between subjects with higher
and lower fasting glucose, except that the frequency of patients with diabetes within quadrant IV
was lower than the control group with gender- and
age-matched subjects (Figures 1 and 2). It may be
that the role of natural aging in diabetes was eliminated using age-matched subjects with diabetes
in the control group.
The two-dimensional system could also used
to quantitatively assess the status of natural aging and disease-related aging according to locations in each quadrant for an individual. Quadrant
I represents an individual under aging status and
quadrant III implies an individual under non-aging status. Quadrant II suggests disease-related
aging over natural aging; controllable risk factors
could become a major risk for this individual in
quadrant II; an emphasis on maintaining good living habits and increasing basal health status may
contribute to disease prevention implying that
primary prevention may be difficult. Quadrant IV
suggests natural aging over disease-related aging;
uncontrollable risk factors could become a major
risk for this individual in quadrant IV.
Our findings also suggest that other factors
excluding aging can easily be described with BP,
waist circumference, height and weight, functional BA = [systolic – diastolic BP (mm Hg)] × waist
circumference2 (m) × height0.5 (m)/weight (kg); the
value of functional BA should be compared with
organic BA for an individual; functional BA < 1.0
for 60 years was also suggested.
In conclusion, the two-dimensional system
based on organic and functional BA could be
a more sensitive predictor owing to the consensus
having been obtained with earlier studies for diabetes [39, 40]. It is obvious that understanding the
abovementioned quantitative roles of aging and
other risk factors in chronic disease will be beneficial for the primary prevention of chronic diseases. This feature may allow focused research on
these other factors excluding aging to delay the

functional BA process for identification of novel
targets that can be used to create more effective and personalized chronic disease prevention
strategies.
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