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comorbidity index and skeletal muscle
mass/physical performance in hospitalized
older people potentially suffering from
sarcopenia
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Abstract

Background: Sarcopenia is a decrease in skeletal muscle mass, physical performance, and muscle strength in older
people. In this study, we aimed to explore the correlation between comorbidity and skeletal muscle mass and
physical performance in older people.

Methods: This retrospective study included 168 subjects. Their medical history, physical function, computed
tomography (CT) chest scans, and blood tests for nutrition were evaluated. The patients were divided into two
groups: (1) a low muscle mass group and (2) a normal muscle mass group. Multivariate analysis of variance was
used to compare multiple sets of mean vectors.

Results: Overall, 72.02% of the subjects had a low skeletal muscle index (SMI) and low gait speed. The patients with
low skeletal muscle mass and physical performance were older, had more serious comorbidities, and had longer
average hospitalization periods and lower albumin and hemoglobin levels. Subjects with a high Charlson
comorbidity index (CCI) were more likely to be in the sarcopenic group than in the non-sarcopenic group. In
addition, there was a linear correlation between the CCI and SMI (r = − 0.549, P < 0.05), and between the CCI and
gait speed (r = − 0.614, P < 0.05). The area under the curve (AUC) value for low skeletal muscle mass with the CCI
was 0.879.

Conclusions: We identified an independent association between comorbidity and skeletal muscle mass/physical
performance by researching the correlation between the CCI and SMI/gait speed. Our results suggested that the
CCI score may have important clinical diagnostic value for sarcopenia.
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Background
With the gradual aging of the population, sarcope-
nia has attracted increased attention among geriatri-
cians. In 2010, a definition for sarcopenia was
published by the European Working Group on Sar-
copenia in Older People (EWGSOP). They defined it
as a syndrome characterized by progressive and gen-
eralized loss of skeletal muscle mass and strength
with a risk of adverse outcomes such as physical
disability, poor quality of life, and death [1]. In
2018, the working group met again (EWGSOP2) to
update the definition of sarcopenia [2]. In this def-
inition, EWGSOP2 reported that sarcopenia is prob-
able when low muscle strength is detected and
sarcopenia diagnosis is confirmed by the presence of
low muscle quantity or quality. Sarcopenia is
deemed to be severe in cases of low muscle
strength, low muscle quantity/quality, and low phys-
ical performance. It has a relatively high incidence
among the elderly [3]. Studies have shown [4] that
the incidence of sarcopenia is 5–13% among those
60–70 years of age and 11–50% among those over
80 years of age. Sarcopenia is a progressive and gen-
eralized skeletal muscle disorder that is associated
with increased likelihood of adverse outcomes in-
cluding falls, fractures, physical disability, and mor-
tality [2]. Consequently, the occurrence of
sarcopenia leads to a decline in the quality of life,
frailty, and even death among older people [5, 6].
However, older people often have several chronic

diseases. The incidence of comorbidity and the co-
existence of two or more diseases [7] increases with
age in older people. The morbidity and mortality of
older people with comorbidities are high, and their
quality of life is low. Many types of disease are
found in older people with comorbidities. For ex-
ample, chronic obstructive pulmonary disease
(COPD) [8], stroke [9], Parkinson’s disease [10],
and chronic kidney disease [11] are likely to co-
occur with problems such as weakness, malnutri-
tion, and disability. When two or more chronic
diseases coexist, the risk of falling and disability in
older people is much higher than in those without
comorbidity [12, 13].
The Charlson comorbidity index (CCI) [14] is cur-

rently the most commonly used comorbidity assessment
tool. Some studies have been conducted on the associ-
ation between comorbidity and sarcopenia [15–17].
However, whether the CCI can be used to assess the risk
of sarcopenia is unclear. In this study, we reviewed the
comorbidity characteristics of chronic diseases in older
people potentially suffering from sarcopenia and studied
the association between skeletal muscle mass/physical
performance and CCI scores.

Methods
Participants and study design
A retrospective analysis was conducted on older people,
65-years-old or older, who were admitted to the Depart-
ment of Geriatrics, Jinling Hospital, Medical School of
Nanjing University between July 2017 and July 2018.
Data were collected from the hospital’s electronic med-
ical record system and this study was approved by the
Ethical Committee of Jinling Hospital. The exclusion cri-
teria were as follows: (1) chest CT examination not per-
formed during hospitalization; (2) long time (> 1 year)
spent in bed; (3) height and weight measurements not
taken at admission; (4) patients without comorbidity,
and (5) patients with acute sarcopenia—e.g., caused by
steroid treatment, neurodegenerative diseases, hip or
knee replacement in the previous six months, stroke in
the previous six months, or deep vein thrombosis in the
previous six months. Only patients who had undergone
assessments related to this study were included and pa-
tients were enrolled consecutively (Fig. 1).
For each patient, the following data were collected:

age, sex, smoking status, body mass index (BMI), comor-
bidity index, length of stay, hospital mortality, chest CT,
and laboratory indicators (albumin and hemoglobin).

Sarcopenia
According to the test for sarcopenia [18], as developed
by the Asian Working Group for Sarcopenia (AWGS),
physical performance is generally evaluated on the basis
of the individual’s gait speed and the established cut-off
value for normal gait speed (< 0.8 m/s, 6 m course). Per-
formance was measured with a stopwatch by one nurse.
In addition, chest CT scans were examined and the

diagnosis for sarcopenia was based on an internationally
recognized skeletal muscle index (SMI) and sex-specific
definition. In order to save extra cost and injury, we
chose SMI values derived from the total muscle area (in
cm2) divided by the square of the height (in m) [19, 20]
at the twelfth thoracic vertebra (T12) level. The diagno-
sis of sarcopenia was as proposed by Nemec et al. [19]
of Harvard Medical School: SMI values less than 42.6
cm2/m2 for men and 30.6 cm2/m2 for women. All data
were measured independently by two physicians with
CT reading expertise. In this study, all patients under-
went chest CT scans without contrast agent. PACS soft-
ware (SITS 3.6, Philips Healthcare, Guildford, UK) was
used to measure the pedicle muscle area (cm2) in the
chest CT (Fig. 2a and b).

Charlson comorbidity index (CCI)
The CCI is an index used to predict the risks of short-
term and long-term patient mortality. It consists of three
parts: disease assessment, severity assessment, and scor-
ing. It includes 16 diseases: myocardial infarction, score
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Fig. 1 Study flowchart. Patients who met the inclusion and exclusion criteria for the study population. CT: computed tomography

Fig. 2 Thoracic SMI with CT of low skeletal muscle mass and normal skeletal muscle mass. Axial computed tomography images of the twelfth
thoracic region, with skeletal muscle highlighted in red (40 to 80 Hounsfield units). (a) Example of an elderly male patient with a low T12 SMI (<
42.6 cm2/m2). (b) Example of an elderly male patient with a high T12 SMI (> 42.6 cm2/m2). SMI: skeletal muscle index, CT: computed tomography
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1; heart failure, score 1; peripheral arterial obstructive
disease, score 1; cerebrovascular disease, score 1; senile
dementia, score 1; COPD, score 1; connective tissue dis-
ease, score 1; gastroduodenal ulcer, score 1; diabetes,
score 1 (involvement of other organs, score 2); chronic
kidney disease, score 2; hemiplegia, score 2; leukemia,
score 2; malignant lymphoma, score 2; tumor, score 2
(metastasis, score 6); liver disease, score 1 (moderate to
severe, score 3); and AIDS, score 6. Age-based scoring
starts at the age of 50 years, with a 1 point increase for
every 10 years above age 50. The CCI has been used ex-
tensively in the medical literature for comorbidity assess-
ment [21].

Statistical analysis
Measurements taken by the two researchers were av-
eraged for the purposes of outcome analyses. Statis-
tical analyses were performed in SPSS 20.0 (IBM
SPSS Statistics for Windows, Armonk, NY, USA). In
addition to descriptive statistics, the mean and stand-
ard deviation were determined for numeric variables,
and the number and percentage were determined for
categorical variables. Multivariate analysis of variance
was used for comparison of multiple sets of mean
vectors. Pearson’s and Spearman’s correlation analysis
and linear regression analysis were used for correl-
ation analysis, and P < 0.05 was considered statistically
significant. Meanwhile, PASS 15.0 (Power Analysis
and Sample Size) software was used to calculate the
statistical power.

Results
Participant characteristics
Of the 400 patients who were > 65 years old, 232 were
excluded (Fig. 1). Consequently, the final study popu-
lation consisted of 168 patients, of whom 99 (58.93%)
were men and 69 (41.07%) were women. Sample size
estimation and power analysis revealed a sample size
of 168, with α = 0.05 (both sides), achieved 100%
power. The mean age was 83.34 ± 7.32 years. The
mean duration of stay was 14.19 ± 11.07 days, and the
mean BMI was 24.52 ± 3.19 kg/m2. In addition, the
mean gait speed was 0.69 ± 0.25 m/s. Eighteen

(10.71%) patients were smokers. There was no signifi-
cant difference in age, duration of stay, gait speed, or
BMI between men and women (P > 0.05). Detailed
demographics and clinical data are presented in
Table 1. Among the patients, the incidence of cere-
brovascular disease was highest (58.33%), followed by
diabetes (38.69%). In addition, 54 (32.14%) patients
scored 6 points on the CCI. These measurements are
shown in Table 2.

Muscle area and SMI in different subgroups
The muscle area of the T12 pedicle was significantly
larger in males than in females (P < 0.05), and there
was a significant difference in SMI (P < 0.05) between
males and females. The muscle area and SMI of pa-
tients older than 80 years were lower than those of
patients under 80, and this difference was statistically
significant (P < 0.05). There was no significant differ-
ence in muscle area or SMI between the long-term
hospitalized and short-term hospitalized patients (P >
0.05). Similarly, there were no significant differences
in muscle area and SMI between the smokers and
non-smokers (P > 0.05; Table 3).

Index differences between the low muscle mass group
and normal muscle mass group
From the SMI values, 121 (72.02%) patients had low
muscle mass, including 78 men and 43 women. There
were significant differences in the CCI, duration of stay,
and serum albumin and hemoglobin levels between the
two groups (P < 0.05), but no significant differences in
BMI (P > 0.05; Table 4). There was no obvious correl-
ation with sex.

The relationship between CCI and SMI/gait speed
Linear correlation was used to evaluate the association
between CCI and SMI (r = − 0.549, P < 0.05), and be-
tween CCI and gait speed (r = − 0.614, P < 0.05) (Fig. 3).
We diagnosed low skeletal muscle mass using the CCI
by plotting the receiver operating characteristic curves
[12]. The area under the curve (AUC) was 0.879 (P <
0.05), the maximum Youden index was 0.579, and its
corresponding critical value was 6.5 (Fig. 4).

Table 1 Characteristics of Patients

Characteristic All(n = 168) Men(n = 99) Women(n = 69) P-value (Men vs. Women)

Age(y) 83.34 ± 7.32 84.15 ± 7.54 82.17 ± 6.88 0.085

Duration of stay(d) 14.19 ± 11.07 15.51 ± 13.28 12.30 ± 6.38 0.065

BMI (kg/m2) 24.52 ± 3.19 24.37 ± 3.40 24.75 ± 2.86 0.44

Gait speed(m/s) 0.69 ± 0.25 0.67 ± 0.26 0.71 ± 0.25 0.301

Smoking, n (%) 18 (10.71) 15 (15.15) 3 (4.35) 0.026

Age, Duration of stay and BMI (mean ± SD)
*P-value for difference between subgroups with independent sample t test
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Discussion
The global population is aging and the association
between age and sarcopenia in older persons is well-
known. The prevalence of cardiovascular and cerebro-
vascular diseases, senile dementia, diabetes mellitus,
malignant tumors, and other chronic diseases increases
with age [22]. Sarcopenia commonly accompanies aging
and numerous diseases. The CCI as the most commonly
used tool for comorbidity assessment [23] and can be
used to predict the occurrence of sarcopenia, which may
be clinically occult. The study of comorbidity in the eld-
erly can include evaluation of mortality, disability, rehos-
pitalization, length of hospital stay, and post-traumatic
mortality, which are used to calculate the CCI scores
[24]. Diagnostic methods include gait speed, dual-energy

X-ray, ultrasound, magnetic resonance imaging, and CT
[3]. Physical function is evaluated using gait speed, and
CT can accurately distinguish among bone, muscle, fat,
and other soft tissues. CT-based SMI scoring is one of
the most accurate methods for the diagnosis of sarcope-
nia [1, 25]. This method has been used for muscle meas-
urement in patients after liver transplantation [26] and
in those with pancreatic adenocarcinoma [27]. This
measurement of bilateral muscles helps to explain
muscle asymmetry associated with scoliosis [28]. To our
knowledge, no prior studies have used the CCI to evalu-
ate the risk of sarcopenia. The purpose of this study was
to investigate the association between comorbidity and
skeletal muscle mass/physical performance by analyzing
CCI scores in older people and to determine the risk of
sarcopenia from CCI scores.
Our study showed that there were no significant differ-

ences in age, duration of stay or BMI between male and
female patients. More males than females were smokers.
The most recent research [29] has shown that malnour-
ished older people have lower levels of myoglobin. That
is, malnourished patients are more likely to have sarco-
penia. According to the SMI diagnostic criteria of sarco-
penia proposed by Harvard Medical School, the subjects
were divided into two groups: a normal muscle mass
group and a low muscle mass group. There were differ-
ences in the CCI score, duration of stay, serum albumin,
and hemoglobin between the two groups. The differ-
ences in the above indicators were not significantly re-
lated to sex. There was no significant difference in BMI,

Table 2 Comorbidity disease and CCI score

All(n = 168) Men(n = 99) Women(n = 69)

Comorbidity disease, n (%)

MI 22 (13.10) 13 (13.13) 9 (13.04)

CHD 20 (11.90) 17 (17.17) 3 (4.35)

PAOD 6 (3.57) 3 (3.03) 3 (4.35)

CVD 98 (58.33) 68 (68.69) 30 (43.48)

SD 11 (6.55) 2 (2.02) 9 (13.04)

COPD 20 (11.90) 11 (11.11) 9 (13.04)

CTD 6 (3.57) 0 (0) 6 (8.70)

GU 49 (29.17) 31 (31.31) 18 (26.09)

DM 65 (38.69) 50 (50.51) 15 (21.74)

CKD 22 (13.10) 13 (13.13) 9 (13.04)

HP 2 (1.19) 2 (2.02) 0 (0)

CL 0 (0) 0 (0) 0 (0)

ML 1 (0.60) 1 (1.01) 0 (0)

tumor 49 (29.17) 28 (28.28) 21 (30.43)

LD 14 (8.33) 11 (11.11) 3 (4.35)

CCI score, n (%)

4 11 (6.55) 4 7

5 33 (19.64) 7 26

6 54 (32.14) 33 21

7 24 (14.29) 21 3

8 22 (13.10) 22 0

9 7 (4.17) 4 3

10 3 (1.79) 3 0

11 5 (2.98) 2 3

12 8 (4.76) 2 6

13 1 (0.60) 1 0

MI Miocardial infarction, CHD Chronic heart failure, PAOD Peripheral arterial
obstructive disease, CVD Cerebral vascular disease, SD Senile dementia, COPD
Chronic obstructive pulmonary disease, CTD Connective tissue disease, GU
Gastroduodenal ulcer, DM Diabetes mellitus, CKD Chronic kidney disease, HP
Hemiplegic paralysis, CL Chronic leukemia, ML malignant lymphadenoma, LD
Liver disease

Table 3 Comparison of muscle area and SMI in different
subgroups

Muscle area (cm2) SMI (cm2/m2)

Gender(n)

Male(99) 92.92 ± 22.43 33.13 ± 7.74

Female(69) 73.45 ± 11.05 29.73 ± 3.87

P-value < 0.001 < 0.001

Age(n)

> =80 (113) 80.69 ± 17.71 29.88 ± 5.99

< 80 (55) 93.62 ± 24.34 35.54 ± 6.31

P-value < 0.001 < 0.001

Duration of stay(n)

> =30 days(7) 82.44 ± 11.55 29.09 ± 5.00

< 30 days(161) 85.03 ± 21.28 31.84 ± 6.69

P-value 0.75 0.284

Smoking(n)

Yes(18) 92.68 ± 24.66 33.85 ± 8.64

No(150) 83.99 ± 20.35 31.48 ± 6.35

P-value 0.096 0.153

Muscle area and SMI (mean ± SD)
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possibly because BMI is not only related to muscle area
and height, but also to muscle, fat and other factors [30].
Through linear correlation analysis, we found a signifi-
cant negative correlation between SMI/gait speed and
the CCI. We analyzed the correlation between the CCI
score and age as well as the number and severity of
chronic diseases. When multiple diseases coexist, the
higher the consumption of nutrients, especially by
muscle, the higher the CCI score and the lower the
muscle area of older people. In addition, through ana-
lysis of the ROC curve and Youden index, we deter-
mined that when the CCI score exceeded 6.5, clinicians
should be vigilant about determining whether the patient
has low skeletal muscle mass. Our results may guide
clinical work to assess the risk of sarcopenia in the eld-
erly by using CCI comorbidity assessment tools.
According to the EWGSOP2 update to the original def-

inition of sarcopenia in 2019 [3], skeletal muscle strength
is an important component of diagnostic criteria in sarco-
penia. A limitation of our study is the lack of skeletal
muscle strength data. This may have led to bias in the

diagnosis of sarcopenia. We will address this limitation in
our next research. Moreover, the inclusion of only patients
with chest CT data available may have led to selection bias
and may not be representative of the entire elderly popu-
lation. CT and the use of a stopwatch is a simple and valid
technique that can be used to assess treatment effects, but
there are subjective factors involved in investigators’ mea-
surements of muscle area and time. Therefore, future
studies will need to find objective measurement tools.
In conclusion, in this population, we identified a

strong association between the CCI score and SMI/gait
speed. We concluded that skeletal muscle mass and
physical performance could be assessed using the CCI
score. Given the increasing incidence of sarcopenia in
the older population, efforts are required to identify new
risk factors to predict and prevent the occurrence of
sarcopenia.

Conclusions
We identified an independent association between comor-
bidity and skeletal muscle mass/physical performance by

Table 4 Comparison of indexes between low muscle mass group and normal muscle mass group

low muscle mass (n = 121) normal muscle mass (n = 47)

All Male(78) Female(43) All Male(21) Female(26)

CCI 7.38 ± 1.98* 7.50 ± 1.57Δ 7.16 ± 2.56☆ 5.13 ± 0.77* 5.33 ± 0.80Δ 4.96 ± 0.72☆

BMI (kg/m2) 24.62 ± 3.23 24.22 ± 3.28 24.86 ± 2.85 24.27 ± 3.10 24.90 ± 3.84 24.55 ± 2.93

Duration of stay(d) 15.55 ± 12.33* 16.94 ± 14.47Δ 13.81 ± 6.23☆ 10.70 ± 5.58* 10.19 ± 4.55Δ 9.81 ± 5.93☆

Alb(g/L) 32.64 ± 3.41* 32.28 ± 3.75Δ 33.28 ± 2.58☆ 38.60 ± 2.06* 37.97 ± 2.82Δ 39.10 ± 0.91☆

Hb(g/L) 108.55 ± 13.31* 108.68 ± 14.70Δ 108.30 ± 10.48☆ 132.89 ± 10.80* 131.05 ± 13.94Δ 134.38 ± 7.33☆

According to thoracic SMI level, the subjects were divided into two groups: low muscle mass group and normal muscle mass group. There were significant
differences in CCI, duration of stay, Alb and Hb between the two groups (*P < 0.05, ΔP < 0.05, ☆P < 0.05). There was no significant difference between the sexes
(P > 0.05). Alb: albumin, Hb: hemoglobin

Fig. 3 Scatter plot analysis of T12 SMI/gait speed and CCI. The linear correlation method was used to evaluate the association between SMI/gait
speed and CCI. SMI: skeletal muscle index, CCI: Charlson comorbidity index
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researching the correlation between the CCI score and
SMI/gait speed in individuals aged 65 years and older. Our
results suggested an important role of the CCI score in
evaluating skeletal muscle mass and physical performance,
which may provide important evidence for clinicians to
diagnose sarcopenia.
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