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Background: Those classified as Tae-Eum (TE)-type people in Sasang constitutional medicine
(SCM) are prone to obesity. Although extensive clinical observations have confirmed this
tendency, the underlying physiological mechanisms are unknown. Here, we propose a novel
hypothesis using integrative physiology to explain this phenomenon.
Methods: Hypoactive lung function in the TE type indicates that respiration is attenuated
at the cellular level—specifically, mitochondrial oxygen consumption. Because a functional
reduction in cellular energy metabolism is suggestive of intrinsic hypoactivity in the con-
sumption (or production) of metabolic energy, we reasoned that this tendency can readily
cause weight gain via an increase in anabolism. Thus, this relationship can be derived from
the graph of cellular metabolic power plotted against body weight. We analyzed the clinical
data of 548 individuals to test this hypothesis.
Results: The statistical analysis revealed that the cellular metabolic rate was lower in TE-
type individuals and that their percentage of obesity (body mass index >25) was significantly
higher compared to other constitutional groups.
Conclusion: Lower cellular metabolic power can be an explanation for the obesity trend in TE
type people.
© 2017 Korea Institute of Oriental Medicine. Published by Elsevier. This is an open access
article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Clinical studies have shown that obesity causes several med-
ical complications. It is an important risk factor for endocrine
diseases such as diabetes and vascular conditions such as
atherosclerosis.! Moreover, obese individuals are prone to
cancer and have a reduced life span.? However, despite numer-
ous investigations in humans and animals, the physiological
mechanisms underlying obesity remain controversial.

Several studies have used Oriental medicine to investi-
gate obesity. In particular, people classified as Tae-Eum (TE)
type using the classification of Sasang constitutional medicine
(SCM) are prone to obesity. SCM, a traditional Korean medicine,
classifies people into four constitutional types, namely, TE, So-
Eum (SE), Tae-Yang (TY), and So-Yang (SY), and treats patients
using personalized herbal drugs according to constitutional
type.>™

Several clinical studies have shown that the TE individuals
are prone to obesity and TE type is a risk factor for abdominal
obesity and obesity-related diseases such as diabetes, hyper-
tension, and metabolic disorders.”'® Furthermore, several
genes associated with obesity and metabolic diseases have
different effects according to body constitution.'*?° Recent
studies have evaluated the effects of herbal drugs on obesity
in TE-type individuals.?>%?

Although previous studies have established that TE indi-
viduals are prone to obesity, the physiological mechanisms
underlying this phenomenon are not well understood. Thus,
here we propose a physiological hypothesis to explain obe-
sity proneness in TE-type individuals, which we tested using
epidemiological data.

As discussed in our review paper,”® TE individuals dis-
play an unbalanced seesawing of the lung and liver pair and
have weak lung system (respiratory) function. This respiratory
function is related to metabolic power in tissue. Mathieu et al?*
and Jansky?®> showed that mitochondrial density in skeletal
muscle was proportional to the maximal aerobic rate. Thus,
weak lung function is associated with low maximal aerobic
capacity and reduced mitochondrial density in tissue, which
may eventually result in reduced energy production in the
body. TE-type individuals are thought to have a weak lung
system, which, in turn, reduces the production of metabolic
energy. Here, we represented the production capability of
metabolic energy in human body by using cellular metabolic
rate (CMP). Then, we hypothesized that the CMP of the TE type
is weaker than that of the other types as a result of particular
metabolic characteristics.

Humans are homeothermic mammals; thus, core tem-
perature is maintained at a constant level regardless of the
environmental temperature.’® The short-term response to a
cold environment involves activation of the autonomic ner-
vous system in the hypothalamus to minimize heat loss and
maximize heat production by increasing sympathetic activ-
ity, stimulating nonshivering thermogenesis, and increasing
the thickness of the insulating shell or initiating piloerec-
tion. In the long term, adaptation to cold stress involves
reducing heat dissipation by decreasing the body surface
area relative to body volume, known as Bergmann’s rule.?’
Moreover, increased body weight decreases the body surface
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Fig. 1 - The 3/4-power scaling law of metabolic rate shows
that low cellular metabolic power can induce weight gain.

area/volume ratio, thereby reducing heat dissipation via body
surface relative to body heat production.

We used the CMP hypothesis to explain the scientific ratio-
nale linking weak lung function and obesity. Rising et al?®?°
showed that low core temperature may indicate an obesity-
prone syndrome in humans, and Jéquier et al** reported
that obese individuals generally have increased thermal body
insulation, suggesting that decreased energy production is
compensated for by a reduction in energy dissipation into
the environment. The decrease in heat generation activates a
compensatory response by the body (an increase in heat gen-
eration and decrease in heat dissipation) and eventual weight
gain.?! This effect is derived from the 3/4-power scaling law of
metabolic rate; the basal metabolic rate (BMR) of an organism
is proportional to body mass raised to the 3/4 power.?>33 A
corollary of the scaling relationship shows that CMP in vivo
is negatively correlated with body mass, or that an organ-
ism with a larger body mass will have less CMP. According
to this relationship, people with a low CMP readily gain body
weight to compensate for a decrease in unit heat production
and to prevent a decrease in core temperature (Fig. 1). A sim-
ilar tendency can be hypothesized for TE-type individuals.
Relatively low aerobic capacity may decrease mitochondrial
density in the cell®*3 resulting in a decrease in CMP and even-
tual increase in body mass.

Based on the thermogenesis hypothesis, we proposed that
the compensatory mechanism used to maintain temperature
homeostasis readily increases body weight in TE individuals.
To validate this, we analyzed clinical data to obtain the CMP
value for each individual. Then we compared the CMP values
of TE individuals to those of the other types.

2. Methods

Here, CMP value was the BMR value divided by body weight
(CMP =BMR/Body weight). This method for determining CMP
was developed by West et al.**

2.1.  Analysis of epidemiological data

We analyzed epidemiological data to clarify the relationship
between the tendency toward obesity in the TE type and
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Table 1 - Physical constitution according to sex.

TE type SE type SY type Total
Males 101 (34.1%) 87 (29.4%) 108 (36.5%) 296 (100%)
Females 81 (32.1%)  79(31.3%)  92(36.5%) 252 (100%)
Total 182 (33.2%) 166 (30.3%) 200 (36.5%) 548 (100%)

SE, So-Eum type; SY, So-Yang type; TE, Tae-Eum type.

CMP. Epidemiological data were collected from 548 apparently
healthy volunteers (296 men and 252 women) between the
ages of 20 and 40 years at the Asian Medical Center at Seoul,
Republic of Korea, between 2009 and 2012. The study was
approved by the Asian Medical Center Ethics Committee, and
informed consent was obtained from all participants.

We used the Sasang Constitution Analysis Tool (SCAT)
developed by the Korea Institute of Oriental Medicine to
classify the Sasang constitutional type.>> The SCAT uses a
multinomial logistic regression analysis based on the inte-
grated data of facial features (two-dimensional images of
the front and profile), body shape (width and circumference
measurements), voice features, and questionnaire responses
(personality traits and physiological symptoms) to classify
constitutional types. The accuracy of the SCAT is higher than
that of the Questionnaire for Sasang Constitution Classifica-
tion II, the most commonly used diagnostic tool for Sasang
typing.®® Because the prevalence of the TY type is extremely
low in the Korean community, the current version of the SCAT
only classified the TE, SE, and SY types.

2.2.  Statistical analysis method

The data were analyzed using an analysis of variance. Table 1
shows the distribution of constitution types according to sex.
CMP values for each physical constitution were obtained by
measuring BMR. The InBody230 (BioSpace Inc., Cerritos, CA,

USA) was used to measure oxygen consumption and calcu-
late BMR during repeated tests conducted during 1 day. BMR
was categorized according to weight to obtain the CMP value.
Finally, body mass index (BMI), calculated as the body weight
divided by the square of height, was used to quantify the
degree of obesity in the data analysis. We used Scheffe’s test to
evaluate the relative degree of statistical difference according
to physical constitution (Tables 2 and 3) where “A” indicates
the highest ranking among the three groups and “C” repre-
sents the lowest rank.

3. Results

The comparison of the target characteristics among physical
constitution types is shown for males in Table 2 and females in
Table 3. All variables with the exception of age and height were
significantly different among groups. Weight and BMI were
significantly correlated in males. TE-type individuals had the
highest body weight and BMI. However, Scheffe’s test revealed
that BMR was not significantly different between the TE and
SY types. For females, BMI and body weight were most highly
correlated with the TE type, and BMR was highest in the TE
group (Scheffe’s test value was “A” only for the TE type).

As shown in Tables 2 and 3, the average value of CMP for
the SE type was relatively higher than that of the other con-
stitutions in both males and females. Conversely, CMP was
markedly lower in the TE type in both males and females. The
percentage of individuals classified as obese (BMI >25, Inter-
national Health Organization criteria) was lowest in SE-type
individuals and higher in the TE type compared with the other
constitutions. Of the 182 people in the TE type group, 69% of
males and 33% of females were classified as obese (BMI >25;
Fig. 2).

Table 2 - Comparison of target characteristics among physical constitution types for males.

Mean + SD ¥ p Scheffe’s test

BMR (cal/d) TE 1782.73 £319.07 14.80 <0.001 A

SE 1566.24 +279.47 B

SY 1770.14 + 305.72 A
CMP (cal/d/kg) TE 22.31+3.75 10.07 <0.001 B

SE 24.45+3.89 A

SY 24.63+4.48 A
BMI (kg/m?) TE 26.41+2.71 121.78 <0.001 A

SE 21.54+1.74 C

SY 23.81+£1.80 B
Height (cm) TE 174.25 +5.41 2.87 0.058

SE 172.55+5.69

SY 174.18+£5.29
Weight (kg) TE 80.224+9.23 105.85 <0.001 A

SE 64.21+6.54 C

SY 72.24+6.42 B
Age (¥) TE 30.68+6.81 1.11 0.330

SE 29.86+6.34

SY 29.39+5.81

BMI, body mass index; BMR, basal metabolic rate; CMP, cellular metabolic power; SD, standard deviation; SE, So-Eum type; SY, So-Yang type; TE,

Tae-Eum type.
F value in Analysis of variance.
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Table 3 - Comparison of target characteristics among physical constitution types for females.

Mean + SD F D Scheffe’s test

BMR (cal/d) TE 1346.14 + 232.26 5.21 0.006 A

SE 1241.87 +235.54 B

SY 1256.28 +204.63 B
CMP (cal/d/kg) TE 21.63+3.76 7.73 0.001 B

SE 23.96 +4.42 A

SY 23.32+3.49 A
BMI (kg/m?) TE 24.38+2.98 93.71 <0.001 A

SE 20.01+1.68 C

SY 21.05+1.46 B
Height (cm) TE 160.38 +5.30 1.00 0.370

SE 161.26 +5.06

SY 160.13+5.73
Weight (kg) TE 62.594+7.02 81.80 <0.001 A

SE 52.05+5.12 B

SY 53.96+4.48 B
Age (y) TE 31.1946.75 0.46 0.633

SE 31.25+7.12

SY 30.36£6.80

BMI, body mass index; BMR, basal metabolic rate; CMP, cellular metabolic power; SD, standard deviation; SE, So-Eum type; SY, So-Yang type; TE,

Tae-Eum type.
F value in Analysis of variance.
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Fig. 2 — Percentage of individuals with a BMI >25 according to physical constitution and sex. BMI, body mass index; SE,

So-Eum type; SY, So-Yang type; TE, Tae-Eum type.

4, Discussion

TE-type individuals have relatively high BMIs and are more
prone to obesity than those in the other constitution groups.
However, the physiological mechanisms underlying this phe-
nomenon are not known. We have proposed a novel CMP
hypothesis to explain the tendency toward obesity in the TE
type.

The hypothesis can be explained as follows. If the TE type
has a relatively weak lung system, their maximum aerobic
capability would be reduced. Because maximum aerobic rate
is directly related to mitochondrial density in the cell, cellu-
lar heat production and, thus, the heat production capability
of TE-type individuals would be reduced. Thus, the TE type
experiences chronic cold stress, and because human core
temperature is maintained at nearly a constant level, cold
temperatures stimulate acute compensatory mechanisms and

chronic cold stress activates the long-term adaptation mech-
anism leading to weight gain.

In a previous study,”” we showed that energy consump-
tion was low, whereas energy storage was overactive in the TE
type. Because the quantity of consumed energy in the human
body is the same as that produced, the energy consumption
function is consistent with energy production. Thus, energy
production in the TE type is suboptimal.

Intracellular mitochondria produce most of the energy in
the body, which drives CMP. Here, we posit that energy produc-
tion is lower in TE-type individuals than in those with other
constitution types. Our CMP hypothesis can be summarized
as the follows. Low energy production in the TE type leads to
a reduction in the generation of body heat. However, because
human core temperature is maintained at a constant level, the
reduction in body heat activates homeostatic mechanisms to
prevent variation in the core temperature, and weight gain
is the result of a long-term process to maintain temperature
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homeostasis (Fig. 1). Thus, weight gain is the result of a weak
CMP in TE-type individuals.

We analyzed data from 548 individuals to assess the fea-
sibility of our hypothesis (Tables 2 and 3, Fig. 2). Our results
showed that CMP values in TE-type males and females were
lower than those found in the other constitution types. How-
ever, BMR was not significantly higher in TE-type males than
in those with other constitution types (Table 2). This finding
suggests that CMP is a better indicator of TE-type metabolic
characteristics than BMR, which supports CMP as a physio-
logical mechanism underlying the tendency toward obesity in
TE-type individuals.

Although our data clearly explain the proneness of the
TE type to obesity from a physiological viewpoint, our study
has several limitations. First, the demographic data of TY-type
individuals were excluded from the study. Such information
should be included to improve the analysis. Furthermore, our
sample size of 548 individuals was relatively small, and alarge-
scale study is necessary to validate our hypothesis. However,
these limitations do not detract from our results supporting
the CMP hypothesis.

In conclusion, we propose a physiological hypothesis to
explain the tendency toward obesity in TE-type individuals.
The hypothesis is based on the 3/4-power scaling law of
metabolic rate, the principle of temperature homeostasis, and
weight gain as a long-term adaptation to prevent cold stress.
Thus, we hypothesized that the reduced cellular metabolic
capability of TE-type individuals may lead to weight gain as
a mechanism of long-term homeostatic adaptation. We used
CMP values to quantify cellular energy metabolism and vali-
dated our hypothesis by analyzing data collected in the clinic.
Our results revealed that the CMP values of the TE type group
were significantly lower than those of individuals in the other
constitution groups, providing further evidence of a physio-
logical impact of CMP on obesity in SCM.
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