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Abstract
Background Reduced skeletal muscle mass and obesity worsens cardiometabolic risk factors. However,
the combined effect of pre-sarcopenia and obesity on overt and subclinical cardiovascular disease (CVD)
has yet to be explored. We aimed to investigate the interaction of reduced skeletal muscle mass and
abdominal obesity on coronary artery calci�cation (CAC).

Methods A total of 19,728 adults free of CVD who contemporaneously underwent cardiac tomography for
estimating CAC scores and bioelectrical impedance analysis (BIA) at baseline were enrolled in the cross-
sectional study. Among them, 5,401 subjects who had one and more follow-up CAC score were included
in the longitudinal analysis. Skeletal muscle mass was presented using the skeletal muscle mass index
(SMI) [SMI (%) = total appendicular muscle mass (kg)/body weight (kg) x 100] according to sex. CAC
presence or incidence was de�ned as CAC score > 0, and CAC progression was de�ned as the square root-
transformed difference between baseline and follow-up CAC scores > 2.5. Pre-sarcopenia was de�ned as
SMI ≤ –1.0 standard deviation of the sex-speci�c mean of a young reference group (20-39 years).
Abdominal obesity was de�ned as waist circumference ≥ 90 cm for men and ≥ 85 cm for women. All
subjects were further classi�ed into four groups: normal, abdominal obesity alone, pre-sarcopenia alone,
and pre-sarcopenic obesity.   

Results In total subjects, the normal group was the most common at 57.8%, the abdominal obesity group
was 20.4%, the pre-sarcopenic obesity group was 14.3%, and the pre-sarcopenia group was the lowest at
7.5%. The pre-sarcopenic obesity group showed the highest adjusted hazard ratios (AHRs) for CAC
presence (AHR 2.16, 95% con�dent interval [CI]: 1.98-2.36, P <0.001) as well as total events of CAC
incidence and progression (AHR 1.54, 95% CI: 1.37 – 1.75, P < 0.001), and the risks were signi�cant
compared with those of normal subjects. Pre-sarcopenic obesity signi�cantly increased the risk of CAC
incidence and progression compared to either pre-sarcopenia or abdominal obesity alone.

Conclusions The coexistence of pre-sarcopenia and abdominal obesity was signi�cantly associated with
a higher risk of CAC presence and increases the risk of CAC incidence and progression independent of
traditional CVD risk factors.

Background
Changes in body composition with decreasing muscle mass accompanied by increasing fat mass are
associated with advanced age, although weight and body mass index (BMI) may remain relatively
unchanged [1, 2]. Reduced skeletal muscle mass and abdominal obesity have a reciprocal in�uence on
each other: low physical activity is associated with sarcopenia, which leads to decreased energy
expenditure and increased risk of obesity [3]. Vice versa, visceral obesity is independently associated with
future loss of skeletal muscle mass [4]. The loss of skeletal muscle mass and obesity concomitantly
worsens cardiometabolic parameters such as hyperglycemia, hypertension, dyslipidemia, and insulin
resistance, compared with sarcopenia or obesity alone [5, 6].
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However, studies have not shown a consistent association between sarcopenic obesity and
cardiovascular disease (CVD) risk. In a prospective study, not muscle mass but strength with obesity was
associated with an increased CVD risk [7]. Other cross-sectional studies reported that the subjects with
obesity alone have a larger number of CVD risk factors than those with both sarcopenia and obesity [8, 9].
It is unclear that not only overt CVD but subclinical atherosclerosis is associated with sarcopenic obesity.
Moreover, the effect of reduced skeletal muscle mass on CVD in relatively younger population has yet to
be explored.

As an estimate of coronary atherosclerosis, coronary artery calci�cation (CAC) has been convenient tool
for detection of subclinical CVD and prognostic strati�cation of asymptomatic individuals [10]. CAC
expressed as the Agatstone score can improve discrimination for CVD in the general population beyond
established risk prediction tools [11]. Therefore, the objective of this study was to evaluate the combined
effect of reduced skeletal muscle mass and abdominal obesity on the presence, incidence and
progression of CAC in general population, and to compare it with reduced skeletal muscle mass or
abdominal obesity alone.

Methods

Participants
A total of 26,976 adults aged ≥ 20 years contemporaneously underwent baseline or one and more follow-
up cardiac CTs for CAC scoring and baseline bioelectrical impedance analysis (BIA) for measuring
appendicular skeletal muscle mass (ASM) as a part of voluntary health checkup from January 2006
through December 2013 at the Health Promotion Center at Samsung Medical Center, Seoul, Republic of
Korea. The subjects with a past history of CVD such as coronary artery disease, stroke, or heart failure (N 
= 1,318), those with elevated total bilirubin or liver enzymes more than twice the upper normal limit (N = 
817), those with estimated glomerular �ltration rate (eGFR) < 60 mL/min/1.73 m2 (N = 369), and those
with missing data (N = 4,744) were excluded (Fig. 1). Therefore, 19,728 subjects were included in the
cross-sectional study to evaluate the association between skeletal muscle mass index (SMI) and CAC
presence. Among them, 5,401 subjects were �nally included in the longitudinal analysis study to evaluate
the association between SMI and future CAC incidence or progression after excluding 14,327 subjects
without follow-up CAC scores (Fig. 1).

Measurements of anthropometric and cardiometabolic
parameters
Individual medical history, smoking status, exercise frequency, and current medications were assessed by
a structured questionnaire at the �rst medical checkup. Smoking status was categorized as never, ex-
smoker, or current smoker. Exercise status was assessed as none or as frequent exercise if any kind of
physical exercise was performed more than three times a week. BMI was de�ned as body weight
(kilograms) divided by the square of body height (meters). Waist circumference (WC) was measured
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between the lower border of the rib cage and the iliac crest using a �exible tape. Blood pressure (BP) was
recorded to the nearest 2 mmHg by a mercury sphygmomanometer with the arm supported at heart level
after sitting quietly for 5 min.

Fasting plasma glucose and insulin levels were measured using the hexokinase method with Bayer
Reagent Packs on an automated chemistry analyzer (Advia 1650 Autoanalyzer; Bayer Diagnostics,
Leverkusen, Germany) and an immunoradiometric assay (DIAsource Co., Louvain-la-Neuve, Belgium),
after fasting for at least 12 h. Hemoglobin A1c (HbA1c) levels were measured by automated
glycohemoglobin analyzer (TOSOH, Yokkaichi, Japan). Total cholesterol, triglyceride, high-density
lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), and creatinine were measured using a Modular D2400 (Roche
Diagnostics, Basel, Switzerland). High-sensitivity C-reactive protein (hs-CRP) was determined using the
CRP (II) Latax X2 turbidimetric method (Hitachi Corporation, Tokyo, Japan). eGFR was calculated using
the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula [12].

The homeostasis model assessment index for insulin resistance (HOMA-IR) was calculated from the
following formula: fasting insulin (µIU/mL) x fasting glucose (mg/dL)/405 [13]. Diabetes was de�ned as
fasting plasma glucose ≥ 126 mg/dL, HbA1c ≥ 6.5%, or current antidiabetic drug use. Hypertension was
de�ned as BP greater than or equal to 140/90 mmHg or current antihypertensive drug use.

Measurements of SMI and de�nitions of different body
composition groups
ASM for both arms and legs and body fat were assessed by multifrequency BIA (InBody 720; Biospace,
Seoul, Korea). Skeletal muscle mass index (SMI) was calculated by dividing the sum of the ASM in the
bilateral upper and lower four limbs (kg) by body weight (kg) and expressed as a percentage [14].

Pre-sarcopenia was characterized by low muscle mass without any decrease in muscle strength or
physical performance [15], and de�ned as an SMI less than − 1.0 standard deviation (SD) of the sex-
speci�c mean of a young reference group (20 to 39 years old) who did not have chronic medical disease
(Supplementary Table 1); men 33.6 ± 2.8% and women 29.5 ± 2.9%, 1 SD cut-off: men 30.9% and women
26.7%. Abdominal obesity was de�ned as a WC ≥ 90 cm for men and ≥ 85 cm for women, according to
WC cutoff points for central obesity in Korean adults [16, 17]. Therefore, pre-sarcopenic obesity was
de�ned as the presence of both pre-sarcopenia and abdominal obesity. All enrolled subjects were
classi�ed into four groups: normal (neither pre-sarcopenia nor abdominal obesity), abdominal obesity
alone, pre-sarcopenia alone, and pre-sarcopenic obesity.

Measurements of CAC
CAC was evaluated using a Brilliance 40 (Philips Medical Systems), VCT LightSpeed 64 (GE Healthcare),
or Discovery 750HD (GE Healthcare) multidetector CT scanner. Analysis of the scans was performed on
an Extended Brilliance Workspace (Philips Medical Systems) or Advantage (GE healthcare) workstation.
The quantitative CAC score was calculated and classi�ed according to the method described by Agatston



Page 5/29

et al., and considered as severity [18] none: 0; minimal: <10; mild: 10–100; moderate: 101–400; severe:
>400 [15]. CAC presence was de�ned as detectable CAC (CAC score > 0) at baseline examination. CAC
incidence was de�ned as CAC score > 0 at the follow-up examination in the subjects without detectable
CAC (CAC score = 0) at baseline [19]. CAC progression was de�ned as a square root-transformed
difference > 2.5, and the square root-transformed difference between baseline and follow-up CAC scores
was calculated [√CAC score (follow-up) − √CAC score (baseline)] in subjects with detectable CAC at
baseline [20].

Statistical analysis
All variables are presented as mean ± SD, median (interquartile range: 25th to 75th percentile), or
percentages. Log-transformed (CAC + 1) and log-transformed hs-CRP values were used in the analysis
due to skewed distribution. Analysis of variance (ANOVA) for continuous variables and the chi-square test
for categorical variables were used to assess the characteristics according to different body composition
groups. If P-value of ANOVA was signi�cant, post-hoc analysis was performed using Bonferroni tests.

In a cross-sectional analysis, logistic regression was used to estimate the association with CAC presence.
In longitudinal analyses, Cox regression were used to compare the risk of incidence or progression of CAC
in different groups, since proportional hazards assumption was not violated. A parametric Cox
proportional hazard was calculated to account for interval censoring, where CAC incidence or progression
had arisen between two irregular visits [21, 22]. For adjustment for possible covariates, Model 1 was
adjusted for age and sex; Model 2 was further adjusted for LDL-cholesterol, diabetes, hypertension,
smoking status, and frequent exercise; Model 3 was further adjusted for use of dyslipidemia medication
and use of aspirin; and Model 4 was further adjusted for log (baseline CAC + 1). None of the variance
in�ation factor values exceeded 5.0, which was considered adequate to avoid multicollinearity.

P-values of less than 0.05 were considered to indicate statistical signi�cance. Statistical analysis was
performed using STATA version 13.0 (StataCorp LP, College Station, TX, USA).

Results

Baseline characteristics of study subjects
Among a total of 19,728 subjects, the normal population group was the most common at 57.8% (N = 
11,394), the abdominal obesity alone group was 20.4% (N = 4,023), the pre-sarcopenic obesity group was
14.3% (N = 2,825), and the pre-sarcopenia alone group was the lowest at 7.5% (N = 1,486) (Table 1).
Approximately 25.3% (N = 1,296) of the subjects were diagnosed with abdominal obesity alone, 13.7% (N 
= 740) with pre-sarcopenic obesity, and 6.4% (N = 347) with pre-sarcopenia alone among the 5,401
subjects who had follow-up CAC scores (Table 2).



Page 6/29

Table 1
Baseline characteristics of total subjects according to body composition group in a cross-sectional

cohort.
Variable Total

(N = 
19,728)

Normal

(N = 
11,394)

Abdominal
obesity
alone

(N = 4,023)

Pre-
sarcopenia
alone

(N = 1,486)

Pre-
sarcopenic
obesity

(N = 2,825)

P for

ANOVA

Age (years) 53.4 ± 
8.3

52.7 ± 
8.0***

52.9 ± 8.0*** 56.7 ± 
8.5***

55.2 ± 8.9 < 0.001

Female, n (%) 3793
(19.2)

2235
(19.6)

345 (8.6)*** 626
(42.1)***

587 (20.8) < 0.001

Smoking status, n
(%)

          < 0.001

Current smoker 5532
(28.0)

3128
(27.5)

1397
(34.7)***

232
(15.6)***

775 (27.4)  

Ex-smoker 6390
(32.4)

3597
(31.5)

1480
(36.8)***

389
(26.2)***

924 (32.7)  

Non-smoker 7806
(39.6)

4669
(41.0)

1146
(28.5)***

865
(58.2)***

1126 (39.9)  

Frequent exercise#, n
(%)

11125
(58.0)

6662
(59.9)***

2117 (53.7) 862
(60.5)**

1484 (54.9) < 0.001

Systolic BP (mmHg) 120.5 
± 16.0

118.3 ± 
15.6***

122.0 ± 
15.4***

122.9 ± 
17.0***

125.5 ± 16.1 < 0.001

Diastolic BP (mmHg) 76.5 ± 
10.7

75.4 ± 
10.7***

76.0 ± 11.2 78.3 ± 
10.3***

78.6 ± 10.5 < 0.001

All values are mean ± standard deviation, and categorical variables are expressed as percent (%).

BP, blood pressure; BMI, body mass index; ASM, appendicular skeletal muscle mass; HDL, high
density lipoprotein; LDL, low density lipoprotein; HOMA-IR; homeostatic model assessment for insulin
resistance; AST, aspartate aminotransferase; ALT, aspartate aminotransferase; GFR, glomerular
�ltration rate; CRP, C-reactive protein; CAC, coronary artery calci�cation; ANOVA, analysis of variance.

***P < 0.001, **P < 0.01, *P < 0.05 for comparing pre-sarcopenic obesity group

#Frequent exercise was de�ned as any kind of physical exercise performed more than three times a
week and was measured in 19,195 subjects.

†Data was measured in 13,319 subjects.

‡Data was measured in 17,345 subjects.
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Variable Total

(N = 
19,728)

Normal

(N = 
11,394)

Abdominal
obesity
alone

(N = 4,023)

Pre-
sarcopenia
alone

(N = 1,486)

Pre-
sarcopenic
obesity

(N = 2,825)

P for

ANOVA

Waist circumference
(cm)

           

Male 87.6 ± 
7.2

83.0 ± 
4.5***

93.6 ± 3.3*** 85.7 ± 
3.7***

96.8 ± 5.7 < 0.001

Female 79.8 ± 
7.6

75.8 ± 
5.2***

88.4 ± 3.5*** 79.1 ± 
4.1***

90.6 ± 5.4 < 0.001

Body weight (kg) 69.1 ± 
10.6

65.0 ± 
8.2***

77.4 ± 8.0 62.5 ± 
8.2***

77.4 ± 11.1 < 0.001

Body mass index
(kg/m2)

24.3 ± 
2.8

22.9 ± 
2.0***

26.0 ± 1.8*** 24.3 ± 
1.9***

27.8 ± 2.6 < 0.001

ASM (kg) 22.0 ± 
4.0

21.5 ± 
3.6***

24.9 ± 3.2*** 17.6 ± 
3.4***

22.0 ± 4.0 < 0.001

ASM/weight (%) 31.8 ± 
3.1

33.0 ± 
2.6***

32.1 ± 1.7*** 27.9 ± 
2.4***

28.3 ± 2.3 < 0.001

ASM/BMI 0.90 ± 
0.15

0.90 ± 
0.17***

0.95 ± 
0.13***

0.87 ± 0.08* 0.88 ± 0.08 < 0.001

Total cholesterol
(mg/dL)

197.1 
± 34.2

195.8 ± 
33.5***

196.9 ± 
33.7**

203.4 ± 
36.2***

199.2 ± 35.9 < 0.001

HDL cholesterol
(mg/dL)

53.6 ± 
13.8

55.8 ± 
14.3***

49.5 ± 11.9 55.4 ± 
13.6***

49.8 ± 12.3 < 0.001

All values are mean ± standard deviation, and categorical variables are expressed as percent (%).

BP, blood pressure; BMI, body mass index; ASM, appendicular skeletal muscle mass; HDL, high
density lipoprotein; LDL, low density lipoprotein; HOMA-IR; homeostatic model assessment for insulin
resistance; AST, aspartate aminotransferase; ALT, aspartate aminotransferase; GFR, glomerular
�ltration rate; CRP, C-reactive protein; CAC, coronary artery calci�cation; ANOVA, analysis of variance.

***P < 0.001, **P < 0.01, *P < 0.05 for comparing pre-sarcopenic obesity group

#Frequent exercise was de�ned as any kind of physical exercise performed more than three times a
week and was measured in 19,195 subjects.

†Data was measured in 13,319 subjects.

‡Data was measured in 17,345 subjects.
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Variable Total

(N = 
19,728)

Normal

(N = 
11,394)

Abdominal
obesity
alone

(N = 4,023)

Pre-
sarcopenia
alone

(N = 1,486)

Pre-
sarcopenic
obesity

(N = 2,825)

P for

ANOVA

LDL cholesterol
(mg/dL)

125.4 
± 30.4

123.9 ± 
29.8***

126.5 ± 30.3 129.7 ± 
31.6

127.9 ± 31.9 < 0.001

Triglycerides
(mg/dL)

132.1 
± 78.3

119.4 ± 
70.8***

152.3 ± 87.3 131.8 ± 
76.8***

154.8 ± 82.8 < 0.001

Glycemic status            

HbA1c (%) 5.67 ± 
0.69

5.59 ± 
0.65***

5.72 ± 
0.69***

5.69 ± 
0.62***

5.87 ± 0.82 < 0.001

Fasting plasma
glucose (mg/dL)

97.6 ± 
18.5

95.5 ± 
17.4***

99.8 ± 
18.5***

97.5 ± 
17.2***

102.6 ± 21.6 < 0.001

Fasting insulin
(uIU/mL)†

7.8 ± 
4.7

6.5 ± 
3.8***

8.8 ± 4.5*** 8.2 ± 4.3*** 11.0 ± 6.0 < 0.001

Fasting C-peptide
(ng/mL)†

1.93 ± 
0.90

1.66 ± 
0.67***

2.22 ± 
0.80***

1.92 ± 
0.76***

2.58 ± 1.32 < 0.001

HOMA-IR† 1.9 ± 
1.3

1.6 ± 
1.0***

2.2 ± 0.8*** 2.0 ± 0.8*** 2.6 ± 1.3 < 0.001

Diabetes, n (%) 2441
(12.4)

1105
(9.7)***

597 (14.8)*** 181
(12.2)***

558 (19.8) < 0.001

Estimated GFR
(mL/min/1.73 m2)

89.3 ± 
13.9

89.1 ± 
13.4***

88.1 ± 
13.8***

91.9 ± 
15.2**

90.4 ± 15.0 < 0.001

Log CRP (mg/dL)‡ -1.16 ± 
0.38

-1.22 ± 
0.37***

-1.12 ± 
0.39***

-1.12 ± 
0.39***

-1.02 ± 0.39 < 0.001

All values are mean ± standard deviation, and categorical variables are expressed as percent (%).

BP, blood pressure; BMI, body mass index; ASM, appendicular skeletal muscle mass; HDL, high
density lipoprotein; LDL, low density lipoprotein; HOMA-IR; homeostatic model assessment for insulin
resistance; AST, aspartate aminotransferase; ALT, aspartate aminotransferase; GFR, glomerular
�ltration rate; CRP, C-reactive protein; CAC, coronary artery calci�cation; ANOVA, analysis of variance.

***P < 0.001, **P < 0.01, *P < 0.05 for comparing pre-sarcopenic obesity group

#Frequent exercise was de�ned as any kind of physical exercise performed more than three times a
week and was measured in 19,195 subjects.

†Data was measured in 13,319 subjects.

‡Data was measured in 17,345 subjects.
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Variable Total

(N = 
19,728)

Normal

(N = 
11,394)

Abdominal
obesity
alone

(N = 4,023)

Pre-
sarcopenia
alone

(N = 1,486)

Pre-
sarcopenic
obesity

(N = 2,825)

P for

ANOVA

Medications            

Anti-hypertensive
medication use, n (%)

4483
(22.7)

1927
(16.9)***

1043
(25.9)***

431
(29.0)***

1082 (38.3) < 0.001

Lipid-lowering drugs
use, n (%)

1559
(7.9)

715
(6.3)***

354 (8.8)*** 148 (10.0)* 342 (12.1) < 0.001

Aspirin use, n (%) 2239
(11.3)

1042
(9.1)***

504 (12.5)*** 212 (14.3)* 481 (17.0) < 0.001

Log (CAC score + 1) 0.59 ± 
0.88

0.48 ± 
0.79***

0.54 ± 
0.81***

0.95 ± 1.08 0.91 ± 1.07 < 0.001

All values are mean ± standard deviation, and categorical variables are expressed as percent (%).

BP, blood pressure; BMI, body mass index; ASM, appendicular skeletal muscle mass; HDL, high
density lipoprotein; LDL, low density lipoprotein; HOMA-IR; homeostatic model assessment for insulin
resistance; AST, aspartate aminotransferase; ALT, aspartate aminotransferase; GFR, glomerular
�ltration rate; CRP, C-reactive protein; CAC, coronary artery calci�cation; ANOVA, analysis of variance.

***P < 0.001, **P < 0.01, *P < 0.05 for comparing pre-sarcopenic obesity group

#Frequent exercise was de�ned as any kind of physical exercise performed more than three times a
week and was measured in 19,195 subjects.

†Data was measured in 13,319 subjects.

‡Data was measured in 17,345 subjects.
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Table 2
Baseline characteristics according to body composition group for the development and progression of

coronary artery calci�cation in a longitudinal cohort
Variable Total

(N = 
5,401)

Normal

(N = 
3,018)

Abdominal
obesity
alone

(N = 1,296)

Pre-
sarcopenia
alone

(N = 347)

Pre-
sarcopenic
obesity

(N = 740)

P for

ANOVA

Age (years) 54.3 ± 
7.7

53.7 ± 
7.3***

53.5 ± 7.1*** 57.6 ± 8.3 56.7 ± 8.8 < 0.001

Female, n (%) 526
(9.7)

253
(8.4)

43 (3.3)*** 127 (36.6) 103 (13.9) 0.060

Smoking status, n
(%)

          0.032

Current smoker 1601
(29.6)

874
(29.0)

453 (35.0)** 53 (15.3)*** 221 (29.9)  

Ex-smoker 2082
(38.5)

1178
(39.0)

514 (39.7) 106
(30.5)***

284 (38.4)  

Non-smoker 1718
(31.8)

966
(32,0)

329 (25.4)** 188
(54.2)***

235 (31.8)  

Frequent exercise, n
(%)

2326
(43.1)

1258
(41.7)

632 (48.8)** 127 (36.6) 309 (41.8) 0.027

Systolic BP (mmHg) 119.6 
± 15.6

117.4 ± 
15.1***

121.3 ± 
15.4***

122.6 ± 
15.9

124.4 ± 15.9 < 0.001

Diastolic BP (mmHg) 76.1 ± 
10.4

75.1 ± 
10.2***

77.7 ± 10.4 75.6 ± 
11.0**

78.0 ± 10.6 < 0.001

Waist Circumference
(cm)

           

All values are mean ± standard deviation, median (25th-75th quartile) and categorical variables are
expressed as percent (%).

BP, blood pressure; BMI, body mass index; ASM, appendicular skeletal muscle mass; HDL, high
density lipoprotein; LDL, low density lipoprotein; HOMA-IR; homeostatic model assessment for insulin
resistance; AST, aspartate aminotransferase; ALT, aspartate aminotransferase; GFR, glomerular
�ltration rate; CRP, C-reactive protein; CAC, coronary artery calci�cation; ANOVA, analysis of variance.

***P < 0.001, **P < 0.01, *P < 0.05 for comparing SO group

#Data was measured in 3,886 subjects.

†Data was measured in 5,215 subjects.
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Variable Total

(N = 
5,401)

Normal

(N = 
3,018)

Abdominal
obesity
alone

(N = 1,296)

Pre-
sarcopenia
alone

(N = 347)

Pre-
sarcopenic
obesity

(N = 740)

P for

ANOVA

Male 87.7 ± 
6.8

83.3 ± 
4.3***

93.5 ± 3.3*** 85.8 ± 
3.8***

96.2 ± 5.0 < 0.001

Female 80.0 ± 
7.9

75.5 ± 
5.8***

88.5 ± 3.6 78.2 ± 
4.7***

90.0 ± 4.5 < 0.001

Body weight (kg) 70.8 ± 
9.5

66.8 ± 
7.3***

78.2 ± 7.1 63.1 ± 
8.0***

77.3 ± 9.9 < 0.001

BMI (kg/m2) 24.6 ± 
2.6

23.3 ± 
1.9***

26.2 ± 1.7*** 24.3 ± 
2.0***

27.7 ± 2.4 < 0.001

ASM (kg) 22.7 ± 
3.4

22.3 ± 
2.9

25.1 ± 2.7*** 18.0 ± 
3.3***

22.2 ± 3.4 < 0.001

ASM/weight (%) 32.0 ± 
2.7

33.3 ± 
2.1***

32.1 ± 1.4*** 28.3 ± 2.1* 28.6 ± 2.0 < 0.001

ASM/BMI 0.92 ± 
0.13

0.95 ± 
0.11***

0.96 ± 0.09*** 0.74 ± 
0.10***

0.80 ± 0.10 < 0.001

Total cholesterol
(mg/dL)

195.4 
± 33.1

194.7 ± 
33.0

194.7 ± 32.0 202.2 ± 
35.9*

196.3 ± 33.6 0.001

HDL cholesterol
(mg/dL)

51.9 ± 
12.9

53.7 ± 
13.3***

48.5 ± 11.2 54.7 ± 
13.8***

49.4 ± 12.0 < 0.001

LDL cholesterol
(mg/dL)

124.1 
± 29.1

123.3 ± 
28.9

124.8 ± 28.8 127.3 ± 
31.4

124.8 ± 29.7 0.046

Triglycerides (mg/dL) 140.9 
± 81.4

128.7 ± 
77.6***

157.9 ± 85.7 140.4 ± 
78.9***

160.8 ± 81.0 < 0.001

Glycemic status            

All values are mean ± standard deviation, median (25th-75th quartile) and categorical variables are
expressed as percent (%).

BP, blood pressure; BMI, body mass index; ASM, appendicular skeletal muscle mass; HDL, high
density lipoprotein; LDL, low density lipoprotein; HOMA-IR; homeostatic model assessment for insulin
resistance; AST, aspartate aminotransferase; ALT, aspartate aminotransferase; GFR, glomerular
�ltration rate; CRP, C-reactive protein; CAC, coronary artery calci�cation; ANOVA, analysis of variance.

***P < 0.001, **P < 0.01, *P < 0.05 for comparing SO group

#Data was measured in 3,886 subjects.

†Data was measured in 5,215 subjects.
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Variable Total

(N = 
5,401)

Normal

(N = 
3,018)

Abdominal
obesity
alone

(N = 1,296)

Pre-
sarcopenia
alone

(N = 347)

Pre-
sarcopenic
obesity

(N = 740)

P for

ANOVA

HbA1c (%) 5.67 ± 
0.73

5.60 ± 
0.72***

5.72 ± 0.68*** 5.76 ± 0.73 5.86 ± 0.77 < 0.001

Fasting plasma
glucose (mg/dL)

98.3 ± 
19.5

96.4 ± 
19.0***

99.9 ± 18.8* 100.0 ± 
20.5

102.6 ± 21.4 < 0.001

Fasting insulin
(uIU/mL)#

8.9 ± 
4.8

7.8 ± 
4.2***

10.1 ± 4.5*** 9.0 ± 4.2*** 11.8 ± 5.8 < 0.001

Fasting C-peptide
(ng/mL)#

2.0 ± 
1.0

1.8 ± 
0.7***

2.3 ± 0.8*** 2.0 ± 0.7*** 2.7 ± 1.9 < 0.001

HOMA-IR# 2.2 ± 
1.4

1.9 ± 
1.3***

2.5 ± 1.2*** 2.2 ± 1.2*** 2.7 ± 1.9 < 0.001

Diabetes, n (%) 748
(13.8)

341
(11.3)***

194 (15.0)** 61 (17.6) 152 (20.5) < 0.001

Estimated GFR
(mL/min/1.73 m2)

87.7 ± 
13.0

87.1 ± 
12.3***

87.6 ± 13.5 90.0 ± 14.9 89.0 ± 13.5 < 0.001

Log CRP (mg/dL)† -1.15 
± 0.39

-1.19 ± 
0.38***

-1.10 ± 0.40** -1.12 ± 
0.37**

-1.04 ± 0.39 < 0.001

Medications            

Anti-hypertensive
medication use, n (%)

1424
(26.4)

609
(20.2)***

375 (28.9)*** 115 (33.1) 325 (43.9) < 0.001

Lipid-lowering drugs
use, n (%)

693
(12.8)

347
(11.5)**

171 (13.2) 58 (16.7) 117 (15.8) 0.002

All values are mean ± standard deviation, median (25th-75th quartile) and categorical variables are
expressed as percent (%).

BP, blood pressure; BMI, body mass index; ASM, appendicular skeletal muscle mass; HDL, high
density lipoprotein; LDL, low density lipoprotein; HOMA-IR; homeostatic model assessment for insulin
resistance; AST, aspartate aminotransferase; ALT, aspartate aminotransferase; GFR, glomerular
�ltration rate; CRP, C-reactive protein; CAC, coronary artery calci�cation; ANOVA, analysis of variance.

***P < 0.001, **P < 0.01, *P < 0.05 for comparing SO group

#Data was measured in 3,886 subjects.

†Data was measured in 5,215 subjects.
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Variable Total

(N = 
5,401)

Normal

(N = 
3,018)

Abdominal
obesity
alone

(N = 1,296)

Pre-
sarcopenia
alone

(N = 347)

Pre-
sarcopenic
obesity

(N = 740)

P for

ANOVA

Aspirin use, n (%) 877
(16.2)

418
(13.9)***

217 (16.7)** 83 (23.9) 159 (21.5) < 0.001

Baseline CAC           < 0.001

None, n (%) 1933
(35.8)

1231
(40.8)***

489 (37.7)*** 95 (27.4)*** 118 (15.9)  

Minimal to mild, n
(%)

2350
(43.5)

1243
(41.2)***

542 (41.8)*** 159
(45.8)***

406 (54.9)  

Moderate, n (%) 845
(15.6)

421
(13.9)***

193 (14.9)*** 71 (20.5) 160 (21.6)  

Severe, n (%) 273
(5.1)

123
(4.1)***

72 (5.6)*** 22 (6.3)* 56 (7.6)  

Duration of follow-up
(year)

2.0
(2.0–
3.0)

2.0
(2.0–
3.0)

2.0 (2.0–3.0) 2.0 (2.0–
3.0)

2.0 (2.0–
3.0)

0.056

Number of
measurements

2.3
(1.8–
3.9)

2.5
(1.9–
4.0)

2.3 (1.8–3.9) 2.1 (1.5–
3.9)

2.1 (1.5–
3.3)

< 0.001

All values are mean ± standard deviation, median (25th-75th quartile) and categorical variables are
expressed as percent (%).

BP, blood pressure; BMI, body mass index; ASM, appendicular skeletal muscle mass; HDL, high
density lipoprotein; LDL, low density lipoprotein; HOMA-IR; homeostatic model assessment for insulin
resistance; AST, aspartate aminotransferase; ALT, aspartate aminotransferase; GFR, glomerular
�ltration rate; CRP, C-reactive protein; CAC, coronary artery calci�cation; ANOVA, analysis of variance.

***P < 0.001, **P < 0.01, *P < 0.05 for comparing SO group

#Data was measured in 3,886 subjects.

†Data was measured in 5,215 subjects.

In post-hoc analyses (Tables 1 and 2, marked with asterisks), the subjects with pre-sarcopenic obesity
were older and had a higher proportion of women or less current smoker compared to those with
abdominal obesity alone, while the subjects with pre-sarcopenic obesity were younger and had a smaller
proportion of women or more current smoker compared to those with pre-sarcopenia alone. The pre-
sarcopenic obesity group had the worst metabolic parameters such as higher BP, worse glycemic
parameters, and more increased HOMA-IR and log hs-CRP level, compared to pre-sarcopenia alone or
abdominal obesity alone group. The subjects with pre-sarcopenic obesity also had a greater proportion of
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using anti-hypertensive drug, lipid-lowering medication, or aspirin than those with pre-sarcopenic obesity
alone.

Risk of CAC presence in the pre-sarcopenic obesity group
The prevalence of total CAC was 36.7% (N = 7,248) (Table 3); minimal to mild CAC was 32.9% (N = 6,494),
moderate CAC was 2.8% (N = 555), and severe CAC was 1.0% (N = 199). The pre-sarcopenic group had the
highest risk for CAC presence in adjusted models (adjusted odds ratio [OR] 2.16, 95% con�dence interval
[CI] 1.98–2.36, P < 0.001) with the normal group as a reference (Table 3). Despite no difference with the
pre-sarcopenia alone group, the crude and adjusted ORs of the pre-sarcopenic group for CAC presence
were signi�cantly higher than those of the abdominal obesity alone or normal group (Fig. 2A and
Supplementary Table 2). In subgroup analyses (Supplementary Table 3), the pre-sarcopenic obesity group
had consistently highest risk regardless of diabetes, hypertension, and smoking status (P for interaction > 
0.05), but there was an interaction in the age and sex subgroups.
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Table 3
Odds ratios of CAC presence among groups with abdominal obesity alone, pre-sarcopenia alone, and pre-

sarcopenic obesity.

  Normal

(N = 
11394)

Abdominal obesity
alone

(N = 4023)

Pre-sarcopenia
alone

(N = 1486)

Pre-sarcopenic
obesity

(N = 2825)

 

Presence,
n (%)

3598
(31.6)

1465 (36.4) 772 (52.0) 1413 (50.0)  

Severity,
n (%)

         

None 7796
(68.4)

2558 (63.6) 714 (48.0) 1412 (50.0)  

Minimal -
mild

3335
(29.3)

1306 (32.5) 670 (45.1) 1183 (41.9)  

Moderate 205 (1.8) 114 (2.8) 75 (5.0) 161 (5.7)  

Severe 58 (0.5) 45 (1.1) 27 (1.8) 69 (2.4)  

  Normal Abdominal obesity
alone

Pre-sarcopenia
alone

Pre-sarcopenic
obesity

 

    OR (95%
CI)

P
value

OR
(95% CI)

P value OR (95%
CI)

P
value

P for
trend

CAC presence

Crude 1
(reference)

1.24
(1.15–
1.34)

< 
0.001

2.34
(2.10–
2.61)

< 0.001 2.17
(1.99–
2.36)

< 
0.001

< 
0.001

Model 1 1
(reference)

1.37
(1.27–
1.48)

< 
0.001

1.98
(1.77–
2.22)

< 0.001 2.18
(2.00–
2.37)

< 
0.001

< 
0.001

Model 2 1
(reference)

1.36
(1.26–
1.48)

< 
0.001

1.98
(1.76–
2.22)

< 0.001 2.16
(1.98–
2.36)

< 
0.001

< 
0.001

Model 3 1
(reference)

1.36
(1.26–
1.48)

< 
0.001

1.98
(1.76–
2.22)

< 0.001 2.16
(1.98–
2.36)

< 
0.001

< 
0.001

Moderate and severe CAC presence

Model 1: adjusted for age and sex.

Model 2: adjusted for Model 1 plus LDL-cholesterol, diabetes, hypertension, smoking status, and
frequent exercise.

Model 3: adjusted for Model 2 plus use of dyslipidemia medication and use of aspirin.
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  Normal

(N = 
11394)

Abdominal obesity
alone

(N = 4023)

Pre-sarcopenia
alone

(N = 1486)

Pre-sarcopenic
obesity

(N = 2825)

 

Crude 1
(reference)

1.74
(1.43–
2.13)

< 
0.001

3.12
(2.47–
3.95)

< 0.001 3.75
(3.13–
4.50)

< 
0.001

< 
0.001

Model 1 1
(reference)

1.68
(1.37–
2.07)

< 
0.001

2.21
(1.72–
2.83)

< 0.001 2.90
(2.40–
3.51)

< 
0.001

< 
0.001

Model 2 1
(reference)

1.52
(1.23–
1.87)

< 
0.001

2.00
(1.55–
1.58)

< 0.001 2.45
(2.01–
2.98)

< 
0.001

< 
0.001

Model 3 1
(reference)

1.51
(1.23–
1.86)

< 
0.001

1.98
(1.53–
2.56)

< 0.001 2.42
(1.99–
2.94)

< 
0.001

< 
0.001

Severe CAC presence

Crude 1
(reference)

2.21
(1.50–
3.27)

< 
0.001

3.62
(2.28–
5.73)

< 0.001 4.89
(3.44–
6.96)

< 
0.001

< 
0.001

Model 1 1
(reference)

2.12
(1.42–
3.15)

0.002 2.16
(1.34–
3.49)

0.021 3.34
(2.32–
4.79)

< 
0.001

< 
0.001

Model 2 1
(reference)

1.90
(1.27–
2.85)

0.002 1.98
(1.21–
3.22)

0.006 2.72
(1.87–
3.96)

< 
0.001

< 
0.001

Model 3 1
(reference)

1.90
(1.27–
2.86)

0.002 1.95
(1.20–
3.18)

0.007 2.71
(1.86–
3.94)

< 
0.001

< 
0.001

Model 1: adjusted for age and sex.

Model 2: adjusted for Model 1 plus LDL-cholesterol, diabetes, hypertension, smoking status, and
frequent exercise.

Model 3: adjusted for Model 2 plus use of dyslipidemia medication and use of aspirin.

When we analyzed the risk of CAC by other obesity parameters such as BMI and body fat%
(Supplementary Table 4), the pre-sarcopenic obesity group still had the highest risk of CAC presence after
adjustment of other cardiometabolic risk factors, even higher than the normal, pre-sarcopenia alone, or
abdominal obesity alone group.

Risk of CAC incidence and progression in the pre-
sarcopenic obesity group
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The total events rate including CAC incidence and progression was 32.8% (N = 990) for the normal group,
38.9% (N = 504) for the abdominal obesity alone group, 44.1% (N = 153) for the pre-sarcopenia alone
group, and 56.8% (N = 740) for the pre-sarcopenic obesity group (Table 4). The respective proportion of
incidence or progression was also the highest in the pre-sarcopenic obesity group (Table 4). The hazard
ratio (HR) of total events was signi�cant and highest in the pre-sarcopenic group in both crude (HR 2.22,
95% CI 1.98–2.49, P < 0.001) and adjusted models (adjusted HR 1.54, 95% CI 1.37–1.75, P < 0.001)
(Table 4). The HR of total events was signi�cantly higher than in the abdominal obesity alone or pre-
sarcopenia alone group (Fig. 2B and Supplementary Table 2). Even when CAC incidence and progression
were separately analyzed, the risk of the pre-sarcopenic obesity group remained highest. In subgroup
analyses (Supplementary Table 5), the pre-sarcopenic obesity group still had the highest risk of CAC
incidence and progression regardless of subgroup, although the effects of abdominal obesity alone or
pre-sarcopenia alone was modest. However, there was an interaction in the hypertension subgroup.
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Table 4
The risks of total events including CAC incidence and progression among groups with abdominal obesity

alone, pre-sarcopenia alone, and pre-sarcopenic obesity.

  Normal

(N = 3018)

Abdominal obesity
alone

(N = 1296)

Pre-sarcopenia
alone

(N = 347)

Pre-sarcopenic
obesity

(N = 740)

 

Total
events, n
(%)

990 (32.8) 504 (38.9) 153 (44.1) 420 (56.8)  

Incidence, n
(%)

188 (15.3) 99 (20.2) 17 (17.9) 33 (28.0)  

Progression,
n (%)

802 (44.9) 405 (50.2) 136 (54.0) 387 (62.2)  

  HR (95%
CI)

HR
(95%
CI)

P
value

HR
(95%
CI)

P value HR
(95%
CI)

P
value

P for
trend

Total events                

Crude 1
(reference)

1.27
(1.14–
1.42)

< 
0.001

1.55
(1.31–
1.84)

< 0.001 2.22
(1.98–
2.49)

< 
0.001

< 
0.001

Model 1 1
(reference)

1.28
(1.15–
1.42)

< 
0.001

1.48
(1.24–
1.77)

< 0.001 2.02
(1.80–
2.28)

< 
0.001

< 
0.001

Model 2 1
(reference)

1.19
(1.07–
1.33)

0.001 1.38
(1.15–
1.65)

< 0.001 1.74
(1.54–
1.97)

< 
0.001

< 
0.001

Model 3 1
(reference)

1.21
(1.08–
1.35)

0.001 1.39
(1.16–
1.67)

< 0.001 1.78
(1.58–
2.01)

< 
0.001

< 
0.001

Model 4 1
(reference)

1.22
(1.09–
1.36)

< 
0.001

1.31
(1.09–
1.56)

0.004 1.54
(1.37–
1.75)

< 
0.001

< 
0.001

CAC incidence

Model 1: adjusted for age and sex.

Model 2: adjusted for Model 1 plus LDL-cholesterol, diabetes, hypertension, smoking status, and
frequent exercise.

Model 3: adjusted for Model 2 plus use of dyslipidemia medication and use of aspirin.

Model 4: adjusted for Model 3 plus log (CAC + 1).



Page 19/29

  Normal

(N = 3018)

Abdominal obesity
alone

(N = 1296)

Pre-sarcopenia
alone

(N = 347)

Pre-sarcopenic
obesity

(N = 740)

 

Crude 1
(reference)

1.35
(1.06–
1.72)

0.016 1.17
(0.71–
1.92)

0.546 1.90
(1.31–
2.76)

0.001 < 
0.001

Model 1 1
(reference)

1.31
(1.03–
1.67)

0.031 1.49
(0.85–
2.60)

0.162 1.94
(1.33–
2.83)

0.001 < 
0.001

Model 2 1
(reference)

1.22
(0.95–
1.56)

0.116 1.37
(0.78–
2.41)

0.271 1.72
(1.17–
2.52)

0.005 0.007

Model 3 1
(reference)

1.22
(0.95–
1.56)

0.120 1.35
(0.77–
2.37)

0.298 1.70
(1.16–
2.49)

0.006 0.008

CAC
progression

               

Crude 1
(reference)

1.25
(1.10–
1.41)

< 
0.001

1.39
(1.16–
1.68)

< 0.001 1.60
(1.42–
1.81)

< 
0.001

< 
0.001

Model 1 1
(reference)

1.25
(1.10–
1.41)

< 
0.001

1.38
(1.15–
1.67)

0.001 1.60
(1.41–
1.81)

< 
0.001

< 
0.001

Model 2 1
(reference)

1.19
(1.05–
1.35)

0.007 1.34
(1.10–
1.62)

0.003 1.46
(1.28–
1.66)

< 
0.001

< 
0.001

Model 3 1
(reference)

1.19
(1.05–
1.35)

0.006 1.34
(1.10–
1.63)

0.003 1.48
(1.30–
1.69)

< 
0.001

< 
0.001

Model 4 1
(reference)

1.21
(1.06–
1.37)

0.004 1.32
(1.09–
1.61)

0.005 1.50
(1.32–
1.71)

< 
0.001

< 
0.001

Model 1: adjusted for age and sex.

Model 2: adjusted for Model 1 plus LDL-cholesterol, diabetes, hypertension, smoking status, and
frequent exercise.

Model 3: adjusted for Model 2 plus use of dyslipidemia medication and use of aspirin.

Model 4: adjusted for Model 3 plus log (CAC + 1).

The pre-sarcopenic obesity group still had a signi�cantly higher risk of CAC incidence and progression
than the normal, abdominal obesity alone, or pre-sarcopenia alone group, when we analyzed the risk of
CAC using other obesity parameters such as BMI and body fat% (Supplementary Table 6).
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Discussion
CAC implies the presence of coronary artery disease regardless of concurrent risk factors or related
symptoms [23]. CAC is usually concomitant with advanced atherosclerosis and thus is an established
predictor of future cardiac events [24, 25]. In this cross-sectional and longitudinal study, pre-sarcopenic
obesity had the highest risk of CAC presence, incidence, and progression among different body
composition subtypes, and the risks were signi�cantly higher compared with those of normal subjects.
Pre-sarcopenic obesity signi�cantly increased the risk of CAC presence compared to abdominal obesity
alone in addition to the risk of CAC incidence and progression compared with either pre-sarcopenia alone
or abdominal obesity alone, regardless of other cardiometabolic risk factors.

According to Asian Working Group for Sarcopenia, low ASM with low muscle strength or low physical
performance need to diagnose sarcopenia [26]. Therefore, most of the studies on sarcopenia investigated
pre-sarcopenia which measured low skeletal muscle mass only. The pre-sarcopenic obesity group de�ned
by ASM/weight < 1 SD and visceral fat area > 100 cm2 on abdominal CT was more susceptible to insulin
resistance and CVD than the obesity or pre-sarcopenia alone group [5]. Individuals with pre-sarcopenic
obesity de�ned by ASM/weight < 1 SD and BMI ≥ 25 kg/m2 had signi�cantly higher 10-year CVD risk (≥ 
20%) determined using the Framingham risk model, whereas pre-sarcopenic non-obese and non-
presarcopenic obese individuals were not associated with 10-year CVD risk [27]. Pre-sarcopenic obesity
de�ned by ASM/height2 less than 7.0 kg/m2 (in men) or 5.4 kg/m2 (in women) and android to gynoid
ratio of higher than the sex-speci�c median value was signi�cantly and positively associated with
incident CVD in subjects with type 2 diabetes, while pre-sarcopenia alone or obesity alone was not [28].
However, pre-sarcopenia with obesity classi�ed according to total adiposity parameter (body fat % or
BMI) was not associated with CVD events [28]. A large longitudinal study found that high WC with low
muscle strength was modestly associated with CVD risk during 10 years of follow-up, but high WC with
low muscle mass was not associated with CVD risk [7]. Low skeletal muscle mass, obesity, and pre-
sarcopenic obesity were distinctively associated with a higher risk of CVD events than the reference, but
these associations lost statistical signi�cance after adjustment for other covariates [2]. Although there
have been con�icting results regarding the association between pre-sarcopenic obesity and CVD, our
study to evaluate for the �rst time that subclinical CVD assessed by CAC presence, incidence, and
progression had signi�cant and consistent associations between pre-sarcopenic obesity, suggesting
possible connections between incremental risk of pre-sarcopenia and obesity for future CVD. Aside from
abdominal obesity, pre-sarcopenic obesity still had a signi�cantly higher risk of CAC presence, incidence,
and progression when obesity was de�ned using BMI or body fat% in this study.

Crucially, pre-sarcopenia de�ned as SMI less than − 1 SD below the mean value of young individuals
represents early stage of the sarcopenia, compared with other de�nitions using a cut-off value of -2 SD
below the mean [29] or using absolute value of men < 7.0 kg/m2 and women < 5.7 kg/m2 [26]. If a cut-off
value of -2 SD below the mean was used, only 13.7% of total subjects had pre-sarcopenia, and if
aforementioned absolute value was used, only 10.2% had pre-sarcopenia. However, even majority of the
subjects had modestly low skeletal muscle mass, pre-sarcopenia per se was still associated with an
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increased risk of CAC, and additively aggravated the risk of CAC with abdominal obesity. Moreover, in
relatively younger subjects (< 60 years) who might preserve enough muscle mass and strength, pre-
sarcopenic obesity showed similar risk of CAC incidence and progression, compared with elderly
subjects. The additive effect of pre-sarcopenia and abdominal obesity on CAC was still signi�cant in the
subjects with and without diabetes.

There is no consensus about which skeletal muscle mass or obesity parameters can best predict CVD,
particularly among Asians. In regards to the methodology adopted in this study, ASM/weight was used
because it is thought to be a better predictor of insulin resistance and cardiometabolic parameters in the
Korean population [5, 30]. Our unpublished data also show that weight-adjusted ASM is more closely
associated with CAC presence, incidence, and progression compared with other SMI parameters
(ASM/BMI and ASM/height2). In fact, brachial-ankle pulse wave velocity, another marker for re�ecting
atherosclerotic burden, was also higher in sarcopenic subjects than in normal subjects when sarcopenia
was de�ned by ASM/weight but not by ASM/height2 [30]. Compared with Western populations, Asian
people tend to have lower muscle mass and higher body fat mass with central distribution. With aging,
Asian people present with greater increases in fat mass and higher prevalence of abdominal obesity,
especially in women [31]. BMI, WC, and waist to hip ratio are strongly correlated with measures of
abdominal adiposity. In one Korean study, the best surrogate of abdominal adiposity across a wide age
range was WC [40], and WC has been an important predictor of CVD independent of traditional risk
factors, including BMI [32, 33]. BMI itself represents both fat mass as well as nonfat, or muscle mass, and
cannot detect regional body fat such as visceral fat [34]. Therefore, both ASM/weight and WC may be
good indicators for de�ning pre-sarcopenic obesity compared with other parameters.

The mechanisms underlying pre-sarcopenic obesity are multifactorial. Aging is one of the most crucial
factors that contribute to a gradual loss of muscle mass and parallel increase in visceral fat [35]. A
reduction in muscle mass and physical activity decreases total energy expenditure and glucose utilization
and �nally leads to elevated insulin resistance and obesity [36]. Increases in fat mass, particularly
visceral fat, promote low-grade in�ammation that results in the secretion of tumor necrosis factor (TNF),
leptin, and growth hormone [37, 38], which leads to muscle catabolism. Elevated TNF inhibits
adiponectin, arresting muscle protein synthesis and mitochondrial processes [39]. Leptin upregulates the
pro-in�ammatory IL-6 and TNF, which results in a reduction of the anabolic actions of insulin like growth
factor-1 (IGF-1) [40]. Reduced growth hormone and IGF-1 decrease anabolic effects of leptin [41] and
increase the likelihood of incident fragility [42]. In addition to visceral obesity, aging stimulates fat
in�ltration into muscle, and thus the deposition of intramyocellular lipids causes lipotoxicity impairing
muscle �ber contractility and new muscle tissue growth, which contributes to sarcopenia [43].
Furthermore, higher fat mass at baseline is associated with a further decline in leg lean mass in both
sexes [44]. Therefore, a vicious cycle may exist with low skeletal muscle mass and obesity having a
reciprocal in�uence on each other.

The present study has some limitations. First, BIA could not precisely differentiate lipid, water, and �brous
tissue within muscle mass [45]. Considering the higher adiposity of Asian people, the muscle mass
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measured by BIA may be overestimated in obese older people with high intramuscular fat in�ltration.
Second, sarcopenia is also a loss of muscle function in addition to muscle mass. But we could not
assess functional outcomes due to the limitations of general health checkups. Third, postmenopausal
state or use of estrogen which affects skeletal muscle mass in women could not be assessed due to the
limitation of self-report. Finally, the enrolled subjects were all Korean, so our �ndings may not be
generalizable to other ethnic groups, because the interaction between genes and the environment leads to
different muscularity and adiposity in different ethnicities [46]. Besides, results could be biased if
participants’ characteristics at a single medical institute were not representative of the general Korean
population.

Conclusions
Reduced skeletal muscle mass with increased adiposity is crucial change in body composition during the
aging process. The pre-sarcopenic obesity showed the highest risk of CAC presence, incidence, and
progression among different body composition groups, and pre-sarcopenic obesity signi�cantly
increased the risk of CAC incidence/progression more than either pre-sarcopenia or abdominal obesity
alone. Together with abdominal obesity, pre-sarcopenia even without impact on muscle strength or
physical performance may have an additive interaction to aggravate subclinical atherosclerosis. In
addition to reducing abdominal fat, increasing skeletal muscle mass might be required to prevent future
CVD.
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Figures

Figure 1

Flow chart of study subjects.
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Figure 2

2A. Adjusted odds ratios of CAC presence among different body composition groups. ***P <0.001 for
comparing normal group ###P <0.001 for comparing abdominal obesity alone group
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Figure 3

2B. Adjusted hazard ratios of CAC incidence and progression among different body composition groups.
**P <0.01, ***P <0.001 for comparing normal group ##P <0.01 for comparing abdominal obesity alone
group †P <0.05 for comparing pre-sarcopenia group
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