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Objective: Sarcopenia is a gradually advancing systemic disorder affecting
skeletal muscles, primarily distinguished by diminished muscle mass and
functional decline. As of present, a universally accepted diagnostic criterion for
sarcopenia has yet to be established. From the perspective of the constitution
theory in traditional Chinese medicine (TCM), the Yin-deficiency constitution is
believed to have a significant correlation with the development of sarcopenia.
The primary objective of this study was to examine the potential association
between sarcopenia and Yin-deficiency constitution.

Methods: The present study is a cross-sectional analysis. The Asian Working
Group for Sarcopenia (AWGS) recommended a diagnostic criterion for
sarcopenia. A total of 141 participants over 50years of age were diagnosed
with sarcopenia. To determine the constitution of each patient, classification
and determination standards were used in traditional Chinese medicine. In this
study, a combination of logistic regression and propensity score matching (PSM)
was employed to analyze a dataset comprising 1,372 eligible observations. The
diagnostic efficacy of the test in distinguishing sarcopenia was assessed through
receiver operating characteristic (ROC) curve analysis.

Results: The relationship between Yin-deficiency constitution and sarcopenia
was examined using logistic regression analysis. In the crude model, the odds
ratio (OR) was found to be 3.20 (95% confidence interval [Cl]: 1.70-6.03). After
adjusting for various confounding factors, including gender, sex, 6 m walking
test/(m/s), SMI, and maximum grip strength/kg, the OR increased to 9.70 (95% ClI:
3.20-69.38). The associations between seven other biased traditional Chinese
medicine (TCM) constitutions and sarcopenia were not found to be statistically
significant in the fully adjusted model. The propensity score matching (PSM)
analysis yielded consistent results with the logistic regression analysis. Receiver
operating characteristic (ROC) curve analysis showed that the AUC of the Yin-
deficiency constitution combined with age and gender reached 0.707.

Conclusion: Among the nine TCM constitutions examined, the Yin-deficiency
constitution demonstrates an independent association with sarcopenia. Yin-
deficiency constitution may serve as a potential risk factor for the development
of sarcopenia. To establish a causal relationship, further experimental
investigations are warranted. The diagnostic performance of sarcopenia is
effectively demonstrated by the Yin-deficiency constitution combined with age
and gender.
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Introduction

Sarcopenia is mainly due to continuous skeletal muscle loss and
decreased strength and function, which is manifested by reduced
muscle strength and decreased muscle mass (1, 2). As a result of
aging or chronic disease, sarcopenia is divided into primary
sarcopenia and secondary sarcopenia. This study focuses on
primary sarcopenia, which refers to the senile syndrome where
various mechanism changes caused by body aging further lead to
the loss of skeletal muscle mass and the decline of physical strength
(3, 4). The concept of sarcopenia was initially introduced by
Rosenberg in 1989 (5). In 2010, the European Working Group on
Sarcopenia (EWGSOP) published the first consensus on sarcopenia,
which characterizes it as a syndrome prevalent in old age, marked
by a decline in muscle mass, muscle strength, and/or physical
performance (6). Building upon this definition, the Asian
Sarcopenia Working Group (AWGS) adopted the
conceptualization in 2014 while also delineating the specific
boundaries within Asia (7, 8). As of 2019, the Asian Working Group
for Sarcopenia (AWGS) has redefined sarcopenia to include possible

same

sarcopenia, sarcopenia, and severe sarcopenia (9). In addition to
genetic, age, and other factors, sarcopenia is associated with a
multitude of chronic diseases, resulting in a complex etiology with
numerous influencing factors (3). The clinical manifestations of
muscle atrophy and strength decline in sarcopenia align with the
concept of Wei syndrome in traditional Chinese medicine (10). This
study attempts to analyze the correlation between the two from the
perspective of traditional Chinese medicine constitution related to
body function.

The concept of body constitution, which is a fundamental aspect
of traditional Chinese medicine (TCM), is intricately linked to human
health and the development of diseases (11, 12). Various constitutions
exhibit distinct susceptibilities and inclinations toward different types
of tumors. Consequently, the identification and modification of one’s
constitution can significantly impact the prognosis of disease
regression (13, 14). Traditional Chinese medicine constitution is
derived from the Huangdi Neijing and has been developed by doctors
of various generations of medicine. Professor Wang Qi divided it into
nine types, comprising one constitution type characterized by balance
(Neutral) and eight constitution types exhibiting bias (Qi-deficiency,
Yang-deficiency, Yin-deficiency, Blood-stagnation, Qi-stagnation,
Damp-heat, Phlegm-damp, and Special diathesis constitutions)
(15, 16).

Our results showed that Yin deficiency constitution, one of the
biased constitutions, was directly related to the diagnosis of sarcopenia
by Pearson’s correlation (Supplementary Table S1). Yin-deficiency
constitution refers to a physiological condition characterized by a
depletion of bodily fluids, essence, and blood, as well as a lack of
moisture and nourishment resulting from the persistent impact of
both innate predisposition and external factors (17). The
Yin-deficiency constitution primarily exhibits the following features:
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(1) physical attributes encompassing a slender and lean physique; (2)
psychological traits characterized by liveliness, extroversion,
irritability, and high activity levels; and (3) prevalent clinical
manifestations include warm extremities, palpitations, parched mouth
and throat, a red tongue with minimal coating, dry eyes, impaired
vision, and parched skin (18, 19). Yin-deficiency constitution is
intricately linked to the aging process and serves as a predisposing
factor for various diseases, notably osteoporosis, which exhibits a high
prevalence among individuals with this constitution (17, 20). This
parallels the age-related manifestations of sarcopenia. Furthermore,
individuals with Yin deficiency constitution display varying degrees
of endocrine and immune dysfunction, while existing literature has
established a correlation between abnormal metabolic function and
sarcopenia in patients (19, 21). The clinical manifestations of
sarcopenia bear striking resemblance to those of Yin-deficiency
constitution, leading us to hypothesize that the latter serves as the
underlying pathology for sarcopenia. However, no empirical evidence
from relevant studies exists to support this claim. To establish a
correlation between the two, we have undertaken a cross-
sectional study.

Methods
Data collection

The cross-sectional analysis of the current research incorporates
baseline data obtained from the WCHAT study, which was initiated
from March to April 2022 and consists of 1,372 people aged 50 or
older in the city of Xiamen. The study’s exclusion criteria comprised
the following: (1) cognitive impairment; (2) recent malignancy
history; (3) incomplete laboratory measurement data; and (4) medical
history of plate, pacemaker, and cardiac stent implantation existed.
Among the participants, 141 individuals were diagnosed with
sarcopenia. This study was approved by the Ethics Committee of the
West China Hospital of Sichuan University. All participants
demonstrated a willingness to participate in the study and provided
informed consent.

Assessment of sarcopenia

The AWGS 2019 diagnostic criteria, which incorporate
assessments of muscle mass loss, muscle strength loss, and physical
performance loss, were employed to diagnose sarcopenia in this
study, as they have been widely utilized in Asia. Muscle strength
was measured twice using a dynamometer (EH101; Camry,
Zhongshan, China) with the dominant hand, and the highest value
was utilized for analysis. Low muscle mass was defined as an
appendicular skeletal muscle mass index (ASMI) of less than
7.0kg/m’ for males and less than 5.7kg/m* for females, as
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determined by bioimpedance analysis. Additionally, low muscle
strength is also defined as handgrip strength values of less than
28kg and less than 18kg for men and women, respectively,
according to the AWGS. The evaluation of physical ability is
recommended through the use of the 5 m walking test, with a speed
of less than 1.0m/s and an SPPB score of <9, as suggested by
the AWGS.

Assessment of TCM constitution

The diagnostic criteria for TCM constitution, namely, the “TCM
Constitution Classification Criteria” and the “TCM Constitution
Classification Scale of 9 Basic Constitutions,” have been developed
by Professor Wang and are presently acknowledged in the field. A
total of 1,372 participants were recruited from various communities
during the period of March to April 2022. The assessment of TCM
constitution was conducted using a standardized questionnaire
endorsed by the China Association for Traditional Chinese Medicine
(Supplementary material). Questionnaire data are collected by
professionals through personal, one-on-one interviews conducted in
a face-to-face manner. The questionnaire consists of 60 items, with
nine subscales containing 7-8 items each, interspersed irregularly.
Each item is answered using a Likert scale, ranging from “no” to
“always,” with scores ranging from 1 to 5. The original score for each
subscale is calculated by summing the scores for each item and then
converted into a conversion score using the formula [(original score
- number of subscale items)/(number of subscale items x 4) x 100].
The conversion score for each subscale ranges from 0 to 100 points.
The conversion score of the neutral constitution scale was >60
points, and the conversion score of the other 8 biased constitution
scales was <30 points. A biased constitution was diagnosed if the
conversion score for any constitution was equal to or greater than
40 points.

TABLE 1 Characteristics of the study cohorts.

Total (n=1,372)

No sarcopenia (n=1,231)

10.3389/fpubh.2024.1368933

Statistical analysis

Measurement data of continuous variables are presented as the
mean+SD (normally distributed) and the median (interquartile
range) for non-normally distributed and categorical variables are
expressed as frequencies with percentages. Differences between
groups were tested by ¢ test for normally distributed data, Mann
Whitney U test for skewed continuous variables and the chi-square
test was used for categorical variables. Binary regression was used to
evaluate the association between the nine traditional constitutions and
sarcopenia. We presented the findings of unadjusted and minimally
adjusted analyses alongside fully adjusted analyses in a simultaneous
manner. To ensure the robustness of the results, we categorized
participants based on their Yin-deficiency constitution and employed
the PSM (propensity score matching) technique for participant
matching. The caliper was set at 0.01, and a 1:1 ratio was maintained
while matching for sex, age, 6m walking test/(m/s), SMI, and
maximum grip strength/kg. Next, logistic regression was employed to
compute the odds ratio and establish a 95% confidence interval. A p
value <0.05 was considered to indicate statistical significance. The
diagnostic efficacy of the test in distinguishing sarcopenia was assessed
through receiver operating characteristic (ROC) curve analysis and
ROC comparison analysis in MedCalc v19.0.7.

Results

Characteristics of the study cohort
stratified by sarcopenia

Among 1,372 participants, 141 (10.3%) were diagnosed with
sarcopenia. Table 1 presents the baseline characteristics of the older
people categorized by sarcopenia. The average age of the participants
was 64.77 £7.29 years old, and approximately 24.85% of them were

Sarcopenia (n = 141)

Gender, male (1, %) 341 (24.85) 302 (24.53) 39 (27.66) 0.416
sit-to-stand five times/s 9.52+2.12 9.23+1.68 12.10+3.42 <0.001
6 m walking test/(m/s) 1.18+0.22 1.20£0.21 0.99+0.20 <0.001
SMI 6.46+0.84 6.56+0.80 5.59+0.57 <0.001
Maximum grip strength/kg 26.2 (23.13-30.6) 26.3 (23.6-31) 21.9 (19.1-25.15) <0.001
Age (years, mean+SD) 64.77+7.29 64.24+7.06 69.48+7.59 <0.001
Neutral constitution 1,098 (80.03) 1,015 (82.45) 83 (58.87) <0.001
Qi-deficiency constitution 65 (4.74) 55 (4.47) 10 (7.09) 0.165
Yang-deficiency constitution 164 (11.95) 121 (9.83) 43 (30.50) <0.001
Yin-deficiency constitution 55 (4.01) 41 (3.33) 14 (9.93) <0.001
Phlegm-damp constitution 28 (2.04) 24 (1.95) 4(2.84) 0.480
Damp-heat constitution 12 (0.87) 9(0.73) 3(2.13) 0.092
Blood-stagnation constitution 65 (4.74) 56 (4.55) 9 (6.38) 0.332
Qi-stagnation constitution 31 (2.26) 26 (2.11) 5(3.55) 0.278
Special diathesis constitution 9 (0.66) 9(0.73) 0 (0.00) 0.308

Mean skeletal muscle mass index, SMI.
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TABLE 2 Relationship between traditional Chinese medicine constitutions and sarcopenia in different models.

Crude model

OR (95%Cl) p

OR (95%Cl)

Minimally Fully

OR (95%Cl)

Neutral constitution 0.31 (0.21-0.44) <0.001 0.47 (0.28-0.78) 0.004

Qi-deficiency constitution 1.63 (0.81-3.33) 0.169

Yang-deficiency constitution 4.03 (2.69-6.03) <0.001

Yin-deficiency constitution 3.20 (1.70-6.03) <0.001 2.67 (1.04-6.85) 0.041 9.70 (3.20-69.38) <0.001
Phlegm-damp constitution 1.47 (0.50-4.29) 0.483

Damp-heat constitution 2.95(0.79-11.03) 0.108

Blood-stagnation constitution 1.43 (0.69-2.96) 0.334

Qi-stagnation constitution 1.70 (0.64-4.51) 0.283

Special diathesis constitution - -

Crude model adjusted for none. Minimally adjusted model adjusted for gender, age, SMI. Fully adjusted model adjusted for gender, age, 6 m walking test/(m/s), SMI, and maximum grip

strength/kg. OR, odds ratio; CI, confidence interval.

male. Patients with sarcopenia had higher values in the sit-to-stand
five times test but lower values in the 6m walking test, SMI and
Maximum grip strength than the healthy controls (p<0.001).
Regarding the distribution of TCM constitution, compared with the
non-sarcopenia group, people with sarcopenia had a higher
proportion of biased constitution and a lower proportion of balanced
constitution (neutral). Meanwhile, there were no differences between
the groups with and without sarcopenia regarding the Phlegm-damp,
Damp-heat, and Special diathesis constitution.

Relationship between traditional Chinese
medicine constitutions and sarcopenia

Multivariate logistic regression analysis was conducted to
examine the relationship between TCM body constitutions and
sarcopenia (Table 2). TCM constitutions were considered as the
independent variables, while sarcopenia was regarded as the
dependent variable. The crude model showed that without adjusting
for any confounding variables, the Yin-deficiency constitution
(OR=2.67, [95% CI: 1.04-6.85]), the Neutral constitution (OR=0.31,
[95% CI: 1.04-6.85]) and the Yang-deficiency constitution (OR=4.03,
[95% CI: 2.69-6.03]) were identified as risk factors for sarcopenia.
However, based on the findings of univariate analysis, adjusting for
gender, age, 6m walking test/(m/s), SMI, and maximum grip
strength/kg by stepwise logistic regression, in the fully adjusted
model, there was still statistical significance (p <0.001) in
Yin-deficiency (Table 3).

Sensitivity analysis

Furthermore, the PSM analysis method was employed to
successfully match 51 pairs of participants in both the Yin-deficiency
constitution group and the non-Yin-deficiency constitution group.
There was no statistically significant difference between the
Yin-deficiency constitution group and the non-Yin-deficiency
constitution group in relation to sex, age, SMI, or maximum grip
strength/kg. Upon adjusting for confounding variables, the odds ratio
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TABLE 3 Characteristics of the non-Yin-deficiency and Yin-deficiency
constitution groups after matching.

Non-Yin- Yin-
deficiency deficiency
constitution = constitution
(n=51) (n=51)

Gender, male (1, %) 45 (88.24) 44 (86.27) 0.767
sit-to-stand five times/s 9.36+1.62 10.01+2.15 0.088
6 m walking test/(m/s) 1.29+0.20 1.19+£0.20 0.015
SMI 6.37+0.74 6.25+0.69 0.392
Maximum grip strength/kg 26.92+5.99 25.34+6.14 0.191
Age (years, mean + SD) 64.27 +8.20 65.20+7.72 0.56

TABLE 4 Prevalence of sarcopenia in the non-Yin-deficiency and Yin-
deficiency constitution groups after matching among 1,372 participants.

Yin-deficiency OR
constitution

No Yes

1(1.96)

OR (95%Cl)

Sarcopenia (1, %) 12 (23.53) 15.39 (1.92-123.46) 0.010

OR, odds ratio; CI, confidence interval.

(OR) of the Yin-deficiency constitution group was determined to
be 15.39 (1.92-123.46) (Table 4) and exhibited a prevalence of
sarcopenia at 23.53%, whereas the non-Yin-deficiency constitution
group had a prevalence of 1.96%, aligning with the findings of the
multivariate logistic analysis.

The predictive value of indicators for
sarcopenia

Meanwhile, we assessed the diagnostic performance of the
Yin-deficiency constitution group reflecting the low muscle mass in
the sarcopenia cohort by the area under the curve (AUC) (Figure 1).
We found that the AUC of the Yin-deficiency mixture reached 0.707,
which exhibits good diagnostic performance for sarcopenia.
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FIGURE 1

Receiver operating characteristic curves of TCM constitution indicators in sarcopenia. (A) ROC curve analysis of Yin-deficiency constitution with AUC.
(B) ROC curve analysis of comprehensive diagnosis between Yin-deficiency constitution and gender and age.

Discussion

Sarcopenia in older adults is linked to a range of unfavorable
outcomes, such as restricted physical functioning, falls, heightened
risk of fractures, and elevated mortality rates (22, 23). Presently, the
prevailing approach to managing sarcopenia in Western medicine
involves exercise and nutritional supplementation (24). However, the
efficacy of training interventions varies due to disparities in exercise
modalities, duration and intensity, the absence of universally
standardized protocols tailored to individuals, and contentious
recommendations regarding nutrient intake (25). In the present
study, we investigated the association of TCM constitution and
sarcopenia. Our study found that people with sarcopenia have a
higher proportion of biased constitution. Meanwhile, after adjusting
for confounding variables, such as gender, age, 6 m walking test/
(m/s), SMI, and maximum grip strength/kg, the logistic regression
found that the Yin-deficiency constitution was independent of
sarcopenia. In addition, the sensitivity analysis yielded consistent
outcomes when employing the PSM method to match the participants
and evaluated the predictive performance through the AUC, thereby
providing further evidence for the stability of the relationship
between the Yin-deficiency constitution and sarcopenia.

The development of sarcopenia is characterized by the
degeneration of skeletal muscle throughout the body, a phenomenon
that can be classified under the “Wei syndrome” in Chinese medicine
(13, 26). This is defined as a clinical condition resulting from
diminished blood supply due to external or internal factors, leading to
a gradual deprivation of nourishment to the muscles and subsequent
manifestation of limb weakness, muscle wasting, and potentially
paralysis (27, 28). Sarcopenia mainly shows reduced skeletal muscle
mass with muscle mass, decreased strength and activity impairment,
which are very similar in terms of pathogenesis and clinical
characteristics (29). As one of the important components of TCM,
TCM constitution is closely related to human health and the occurrence
of diseases (30). TCM acknowledges that TCM constitution plays a
fundamental role in the initiation, advancement, and advancement of
diseases (31). Thus, individual constitution affects the human body’s
susceptibility to pathogenic factors and determines whether the
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individual is sick and the severity of the disease (32). Yin-deficiency
constitution is one of the types of traditional Chinese medicine
constitution. Innate inherited and acquired on the basis of sperm blood
fluid in the body Yin fluid deficiency formed by Yin-deficiency internal
heat as the main feature constitution condition (33). It is the
constitution basis for forming many diseases (19, 34). Constitution not
only determines whether the human body occurs after that, but also
determines the tendency of the onset after the disease (35). That
determines the susceptibility syndrome. Syndrome is a unique concept
in traditional Chinese medicine. The syndrome combines the
pathogenic factors and the body response. And the body reaction and
the individual constitution are inseparable (36). Similarly, in the
process of disease in different stages, which is also inseparable from
physical factors (37). To Chinese medicine dialectical point of
sarcopenia belongs to the category of Wei syndrome, and the nature of
Wei syndrome is the essence of the excess in superficiality and
deficiency in origin, and the deficiency includes the deficiency of Qi,
Yin and Yang, which is inevitably linked to the Yin-deficiency
constitution, because there is a state of deficiency of essence, blood and
body fluid in the pathological manifestations (27, 38, 39). The
correlation between Yin-deficiency and sarcopenia may be due to the
common pathological basis of both. Clinical studies have shown that
Yin-deficiency is associated with decreased neurocognitive function in
older people, mainly affecting the visuospatial dimension (35).
Yin-deficiency constitution is also a constitution type closely associated
with aging (20). This molecular mechanism potentially stems from the
involvement of five genes, namely, TAK1, NFKBIA, CCL4, BCL2A1,
and IL-8, which are closely implicated in the NF-kappaB signaling
pathway and the aging process (20). This may be due to congenital
physical factors and acquired lifestyle; subsequently, the organism
enters a Yin-deficiency constitution, leading to differences in the
expression of these genes and eventually the development of sarcopenia.

At present, there are no clinical studies on TCM constitution and
sarcopenia. To our knowledge, this is also the first study to predict the
risk of sarcopenia using TCM constitution. The current clinical
diagnosis of sarcopenia is inconsistent, and the treatment is complex.
Currently, in terms of prevention, TCM has mature criteria for
determining body constitution, which are inexpensive and easily
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accessed for sarcopenia in the clinical setting. Specifically, TCM
interventions, including diet, exercise, medicine and acupuncture, may
provide new clinical ideas. Certainly, there are obvious complexities
and limitations inherent in this study. (1) The results of this paper can
only demonstrate the correlation between Yin-deficiency constitution
and sarcopenia but cannot draw causal conclusions. (2) The percentage
of Yin-deficiency constitution is relatively low in the recruited people
and the result may be biased. (3) This is a cross-sectional study with
Climate, diet, lifestyle habits,
socioeconomic status are not taken into account. (5) Other unknown

geographical restrictions. (4)

confounding variables still need to be adjusted. The sample of this
study is mainly concentrated in Xiamen, and the inclusion indicators
are not comprehensive, so it is necessary to conduct comprehensive
and in-depth exploration by multi-center, larger sample, longer time
span and more relevant indicators in the future.

Conclusion

Among the nine TCM constitutions, the Yin-deficiency
constitution is independently associated with sarcopenia. Therefore,
we postulated that the Yin-deficiency constitution may serve as a
potential risk factor for sarcopenia.
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