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Abstract

Background: Preservation of muscle mass during aging reduces the risk of frailty and age-related chronic
diseases. We investigated the lifestyle, psychological factors, and common cardiometabolic diseases associated
with accelerated muscle loss in middle-aged and older women.
Materials and Methods: A total of 881 women aged 40 years and older who underwent regular health checkup
at a tertiary care hospital in Korea in 2010–2011 and underwent a 6-year follow-up were included in this study.
Lifestyle and health statuses were evaluated through a standardized questionnaire and laboratory testing.
Muscle mass was estimated using bioelectrical impedance analysis.
Results: The accelerated loss group showing appendicular skeletal muscle mass (ASM) loss >3% for 6 years
represented 24.4% (n = 215) of the total participants. Current smoking women presented a higher odds ratio
(OR) for accelerated loss of ASM than nonsmoking individuals after adjusting for age, body mass index,
exercise, caloric intake, alcohol consumption, menopausal state, and diabetes mellitus (DM) (OR 3.53, confidence
interval [95% CI] 1.28–9.74, p = 0.015). Women with DM showed a higher OR than non-DM individuals after
adjusting for the aforementioned variables and smoking status (OR 2.92, 95% CI 1.39–6.14, p = 0.005).
Conclusion: Current smoking and DM are predictors for accelerated muscle mass loss in middle-aged and older
women. Smokers and DM patients need to monitor muscle mass changes and apply preventive intervention
steps. Smoking cessation and good glycemic control are required not only for reducing cardiovascular risk but
also for improving muscle health.

Keywords: muscle, skeletal, smoking, diabetes mellitus, retrospective study

Introduction

Skeletal muscles provide the requisite contractile force
for locomotive activities and play a crucial role in the

regulation of energy metabolism. Preservation of muscle
mass during aging reduces the risk of frailty and age-related
chronic diseases.1 Muscle mass in later life depends on both
the peak mass achieved in early life and the rate of muscle
loss. Women have a smaller muscle mass than men2 and
experience accelerated loss in muscle mass after meno-
pause.3 Moreover, the life expectancy of women is longer
than that of men. With rapid population aging, sarcopenia has
become one of the most important challenges to healthy ag-
ing in women.

Prior cross-sectional studies conducted in women reported
that skeletal muscle mass could be affected by modifiable

lifestyle factors such as physical activity,4 nutrition,5 ciga-
rette smoking,6 alcohol consumption,7 and psychological
factors such as depressive symptoms.8 However, the tem-
poral association between these factors and skeletal muscle
mass did not yield consistent results. High-risk alcohol
drinking or binge drinking was associated with a higher
risk of sarcopenia in elderly Korean women,7,9 whereas a
systemic review and meta-analysis showed that alcohol
consumption did not contribute to the development of sar-
copenia.10 An inverse association between skeletal muscle
mass and depressive symptoms was reported,8 but other
studies failed to find a significant association.11 Longitudinal
study on the associated factors with muscle mass changes in
women is scarce.12 Furthermore, previous studies have been
focused on the elderly while investigating the risk factors for
sarcopenia, the last stage of muscle loss. To investigate the
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lifestyle or psychological risk factors for rapid muscle loss,
participants should be younger and healthier to rule out aging
or pathological conditions causing muscle loss.

The aim of this study was to analyze lifestyle or psycho-
logical factors associated with accelerated loss of skeletal
muscle mass in middle-aged and older women. We also in-
vestigated the relationship between common cardiometabolic
diseases and accelerated loss in skeletal muscle.

Materials and Methods

Study population

We enrolled 2132 women 40 years of age or older who
underwent regular health examinations including body
composition assessment in 2010–2011 and underwent a 6-
year follow-up at the Health Promotion Center at a tertiary
care hospital in Korea. We excluded women diagnosed with a
malignant neoplasm, liver cirrhosis, chronic kidney disease,
thyroid disease, rheumatoid arthritis, stroke, or cardiovas-
cular disease from the study to rule out other pathological
conditions beyond aging (n = 227). However, we did not
exclude individuals with simple hypertension, diabetes mel-
litus (DM), or metabolic syndrome without cardiovascular
complication, which are common lifestyle-related diseases.
We also excluded women who received hormone or steroid
therapy (n = 106) and those with missing baseline data
(n = 918) other than stress and depression. A total of 881
women were included in the analyses of the association be-
tween accelerated muscle loss and lifestyle or psychological
factors (Fig. 1). Written informed consent was obtained from
all individuals before their health checkups, and the study
was approved by the Institutional Review Board of Catholic
Medical Center (No. KC18RESI0093).

Lifestyle and psychological variables

Age, menopausal status, education status, lifestyle habits,
psychological states, history of diseases, and medication use
were collected through a standardized self-administered

questionnaire. Lifestyle and psychological factors included
alcohol consumption, smoking habits, physical activity, daily
caloric intake, degree of stress, and depression.

Alcohol consumption was classified by Alcohol Use Dis-
orders Identification Test scores developed by the World
Health Organization: low-risk drinking (0–7 points), inter-
mediate risk drinking (8–15 points), and high-risk drinking
(‡16 points).13 Regarding smoking habits, smoking status was
subdivided into current smoking, past smoking, and never
smoking. The number of cigarettes per day was further in-
vestigated for current smokers, for example, 1–24 cigarettes or
‡25 cigarettes. Physical activity was classified into two groups
according to the amount of regular exercise time spent per
week, <3 h/week, or ‡3 h/week. Stress was classified by Stress
Response Inventory as normal (<78 points) or abnormal (‡78
points).14 Depression was classified by Beck Depression In-
ventory as normal (<16 points) or abnormal (‡16 points).15

Cardiometabolic diseases

Health statuses were evaluated through self-reported
questionnaire and laboratory testing. Blood samples were
collected by venipuncture after the participants fasted for
at least 8 hours. Hypertension was defined as mean systolic
blood pressure (BP) ‡140 mmHg or mean diastolic BP
‡90 mmHg on examination and/or current intake of antihy-
pertensive medication. DM was defined by fasting glucose
‡126 mg/dL, hemoglobin A1c (HbA1c) ‡6.5%, or current
use of oral hypoglycemic agents or insulin.16 Definitions of
metabolic syndrome and its components were based on the
revised National Cholesterol Education Program Adult
Treatment Panel III Criteria.17

Anthropometrics and the changes of appendicular
skeletal muscle mass

Body weight and height were measured in light clothing
with no shoes, and body mass index (BMI) was calculated
as weight (kg) divided by height squared (m2). Waist

FIG. 1. Flowchart of study participants.
The participants were categorized according
to the changes (%) of ASM for 6 years. The
accelerated loss group with ASM that de-
creased >3% for 6 years comprised 24.4%
(n = 215) of the total. The gain or non-
accelerated loss group comprised 75.6%
(n = 666). ASM, appendicular skeletal mus-
cle mass.
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circumference was examined at the point between the upper
iliac crest and the lowest rib after normal expiration. Skeletal
muscle mass for each limb (kg), body fat mass (kg), and body
fat percentage (%) were estimated through bioelectrical im-
pedance analysis (BIA) using a multifrequency BIA device
according to the manufacturer’s instruction (InBody 720 or
InBody 770; Biospace, Inc., Seoul, Korea) after an overnight
fast.18 A tetrapolar eight-point tactile electrode system was
used and impedance of an individual’s trunk, arms, and legs
was separately measured at six different frequencies (1, 5, 50,
250, 500, and 1000 kHz). Total body impedance values were

calculated by summing the segmental impedance values,
whereas total muscle mass and appendicular skeletal muscle
mass (ASM) were estimated according to manufacturer’s
equation.19 The ASM was calculated as the sum of lean soft
tissue in both arms and legs. Relative change in ASM was
calculated as the difference in ASM between baseline and
follow-up examination, divided by baseline value and mul-
tiplied by 100. We defined accelerated loss of muscle mass as
ASM decreases >3% for 6 years.20,21 This cutoff point was
approximated to the lowest quartile of muscle mass change of
the participants.

Table 1. Baseline Characteristics of Study Participants According to Age Group

40s (n = 577) 50s (n = 243) ‡60s (n = 61) p

Age (years) 44.59 – 2.85a,b 53.14 – 2.70b,c 64.64 – 4.60a,c <0.001
Menopausal status 87 (15.1) 136 (56.0) 61 (100.0) <0.001
Height (cm) 159.62 – 4.68a,b 158.24 – 5.04b,c 155.66 – 5.20a,c <0.001
Weight (kg) 56.35 – 7.53 56.16 – 7.41 57.79 – 8.37 0.314
BMI (kg/m2) 22.11 – 2.75b 22.42 – 2.70b 23.83 – 3.10a,c <0.001
WC (cm) 78.99 – 7.95b 80.31 – 7.60b 83.77 – 9.24a,c <0.001
ASM (kg) 15.59 – 1.97 15.38 – 2.01 15.08 – 2.27 0.09
Body fat mass (kg) 16.74 – 4.71b 17.25 – 4.79b 19.51 – 5.19a,c <0.001
Body fat percentage 29.30 – 4.98a,b 30.33 – 5.45b,c 33.29 – 5.37a,c <0.001

Education
High school 133 (23.1) 108 (44.4) 35 (57.4) <0.001
Undergraduate 326 (56.5) 97 (39.9) 22 (36.1)
Graduate 118 (20.5) 38 (15.6) 4 (6.6)

Alcohol (AUDIT)
Low (0–7) 529 (91.7) 225 (92.6) 60 (98.4) 0.47
Intermediate (8–15) 43 (7.5) 17 (7.0) 1 (1.6)
High (‡16) 5 (0.9) 1 (0.4) 0 (0.0)

Smoking
Never 562 (97.4) 234 (96.3) 59 (96.7) 0.53
Past 4 (0.7) 4 (1.7) 0 (0.0)
Current 11 (1.9) 5 (2.1) 2 (3.3)

Cigarettes/day
1–24 9 (81.8) 5 (100.0) 1 (50.0) 0.461
‡25 2 (18.2) 0 (0.0) 1 (50.0)

Exercise
<3 h/week 489 (84.8) 181 (74.5) 40 (65.6) <0.001
‡3 h/week 88 (15.3) 62 (25.5) 21 (34.4)

Caloric intake (cal/day)
<1000 103 (17.9) 53 (21.8) 17 (27.9) 0.295
1000 to <2000 459 (79.6) 185 (76.1) 42 (68.9)
‡2000 15 (2.6) 5 (2.1) 2 (3.3)

Stress (SRI)d

Normal (<78) 533 (97.8) 225 (97.4) 57 (100.0) 0.728
Abnormal (‡78) 12 (2.2) 6 (2.6) 0 (0.0)

Depression (BDI)e

Normal (<16) 505 (93.2) 212 (91.8) 46 (82.1) 0.015
Abnormal (‡16) 37 (6.8) 19 (8.2) 10 (17.9)

Hypertension 53 (9.2) 50 (20.6) 25 (41.0) <0.001
Diabetes mellitus 14 (2.4) 8 (3.3) 13 (21.3) <0.001
Metabolic syndrome 59 (10.2) 34 (14.0) 29 (47.5) <0.001

p Values were based on analysis of variance or independent t-test.
aSignificant with 50s.
bSignificant with 60s.
cSignificant with 40s.
dA total of 833 subjects were analyzed due to missing data for stress.
eA total of 829 subjects were analyzed due to missing data for depression.
ASM, appendicular skeletal muscle mass; AUDIT, Alcohol Use Disorders Identification Test; BDI, Beck Depression Inventory; BMI,

body mass index; SRI, Stress Response Inventory; WC, waist circumference.

PREDICTIVE FACTORS OF ACCELERATED MUSCLE LOSS 3

D
ow

nl
oa

de
d 

by
 C

at
ho

lic
 U

ni
ve

rs
ity

 O
f 

K
or

ea
 M

ed
ic

al
 C

ol
le

ge
 f

ro
m

 w
w

w
.li

eb
er

tp
ub

.c
om

 a
t 0

5/
27

/1
9.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 



Statistical analysis

All statistical analyses were performed with SAS software,
version 9.4 (SAS Institute, Inc., Cary, NC). Continuous
variables are expressed as means with standard deviations,
whereas categorical variables are presented as cases per
category and frequency of responses. Baseline characteristics
of participants based on age group or changes of ASM were
compared using analysis of variance followed by Bonferroni
post hoc test or independent t-test for continuous variables
and chi-square test or Fisher’s exact test for categorical
variables. Multiple logistic regression analysis was used to
investigate the associations between baseline lifestyle fac-
tors, psychological factors, and cardiometabolic diseases
(independent variables) and accelerated loss of ASM (de-

pendent variable). Odds ratio (OR) and confidence interval
(CI) were assessed considering baseline variables. The per-
centage changes of ASM for 6 years, expressed as mean with
standard error, were compared in statistically significant
variables. All tests were two sided and a p-value of <0.05 was
taken as statistically significant

Results

Characteristics of study participants

The study was performed in 881 women aged 48.33 – 6.54
years at baseline. The number of participants by age group
was as follows: 577 (65%) in the 40s age group, 243 (28%) in
the 50s age group, and 61 (7%) in the 60s and older age group.

Table 2. Clinical Characteristics According to Changes of Appendicular Skeletal Muscle Mass

Gain/nonaccelerated loss (n = 666) Accelerated loss (n = 215) p

Age (years) 47.61 – 0.24 50.60 – 0.48 <0.001

Age group
40s 461 (79.9) 116 (20.1) <0.001
50s 171 (70.4) 72 (29.6)
‡60s 34 (55.7) 27 (44.3)

Menopausal status 200 (30.0) 84 (39.1) 0.014
Height (cm) 159.01 – 0.19 158.84 – 0.35 0.655
Weight (kg) 56.06 – 0.28 57.46 – 0.56 0.027
BMI (kg/m2) 22.17 – 0.10 22.76 – 0.21 0.01
ASM (kg) 15.36 – 0.08 15.92 – 0.14 <0.001
WC (cm) 79.42 – 0.30 80.49 – 0.58 0.09
Body fat mass (kg) 16.92 – 0.18 17.54 – 0.37 0.137
Body fat percentage 29.82 – 0.19 30.00 – 0.41 0.685

Education
High school 202 (30.3) 74 (34.4) 0.279
Undergraduate 336 (50.5) 109 (50.7)
Graduate 128 (19.2) 32 (14.9)

Alcohol (AUDIT)
Low (0–7) 616 (92.5) 198 (92.1) 0.833
Intermediate (8–15) 46 (6.9) 15 (7.0)
High (‡16) 4 (0.6) 2 (0.9)

Smoking
Never 653 (98.1) 202 (94.0) 0.007
Past 5 (0.8) 3 (1.4)
Current 8 (1.2) 10 (4.7)

Exercise
<3 h/week 549 (82.4) 161 (74.9) 0.015
‡3 h/week 117 (17.6) 54 (25.1)

Caloric intake (cal/day)
<1000 134 (20.1) 39 (18.1) 0.795
1000 to <2000 515 (77.3) 171 (79.5)
‡2000 17 (2.6) 5 (2.3)

Stress (SRI)a

Normal (<78) 617 (98.3) 198 (96.6) 0.169
Abnormal (‡78) 11 (1.8) 7 (3.4)

Depression (BDI)b

Normal (<16) 579 (92.5) 184 (90.6) 0.397
Abnormal (‡16) 47 (7.5) 19 (9.4)

Hypertension 92 (13.8) 36 (16.7) 0.289
Diabetes mellitus 15 (2.3) 20 (9.3) <0.001
Metabolic syndrome 76 (11.4) 46 (21.4) <0.001

aA total of 833 subjects were analyzed due to missing data for stress.
bA total of 829 subjects were analyzed due to missing data for depression.
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The baseline BMI, waist circumference, body fat mass, and
body fat percentage had greater mean values in the older age
group. The proportion of regular exercise group for ‡3 h/week
and patients with hypertension, DM, or metabolic syndrome
were higher in the older age group (Table 1).

The ASM decreased for 6 years in 440 (49.9%) women.
The ASM decreased >3% for 6 years in 215 (24.4%) women
(Fig. 1). The proportions of accelerated muscle loss group
were higher in the older age group (20.1%, 29.6%, and 44.3%
among the 40s, 50s, and 60s and older age groups, respec-
tively). The accelerated muscle loss group displayed greater
mean values of baseline weight, BMI, and ASM than the gain
or nonaccelerated muscle loss group. The proportions of
postmenopausal women, current smokers, regular exercise
group for ‡3 h/week, and patients with DM or metabolic
syndrome were higher in the accelerated muscle loss group
(Table 2).

Lifestyle, psychological, or cardiometabolic factors
related to accelerated loss of ASM

Current smoking women presented higher OR for accel-
erated loss of ASM than never and past smoking women after
adjustment for age and BMI (OR 3.98, 95% CI 1.51–10.48,
p = 0.005). Women with DM showed significantly higher OR
than non-DM women after adjustment for age and BMI
(OR 2.97, 95% CI 1.43–6.17, p = 0.003). Lifestyle consider-
ation such as caloric intake, alcohol consumption, exercise as
well as psychological stress and depression was not signifi-
cantly associated with accelerated muscle loss after adjust-
ment for age and BMI (Table 3).

Both current smoking and DM were independent predic-
tors for accelerated loss of ASM. Current smokers had higher
OR for accelerated loss of ASM than never and past smokers
after adjusting for age, BMI, and DM (OR 3.64, 95% CI
1.36–9.74, p = 0.010). Women with DM showed higher OR
than non-DM women after adjusting for age, BMI, and
smoking status (OR 2.78, 95% CI 1.33–5.81, p = 0.007).

These relationships remained significant after adjustment for
age, BMI, exercise, caloric intake, alcohol consumption, and
menopausal state (Table 4).

The average percentage changes from baseline of ASM
after 6 years were -2.17% – 1.23% in current smoking wo-
men versus 0.20% – 0.18% in never and past smoking women
( p = 0.055). Women with DM had higher loss percentage
changes of ASM than women without DM (-3.71% – 0.87%
vs. 0.30% – 0.18%, p < 0.001) (Fig. 2).

Discussion

This study found that current smoking is a predictor of
accelerated muscle mass loss for 6 years in healthy middle-
aged and older women. Women who currently smoke had a
3.53 times higher risk of accelerated ASM loss than non-
smoking women regardless of age, BMI, exercise, caloric
intake, alcohol consumption, menopause, and DM.

Previous cross-sectional studies in older adults suggested
that cigarette smoking is a risk factor for sarcopenia. Current
smokers were more likely to have sarcopenia in community-
dwelling men and women aged 55–98 years.6 Current
smokers had lower relative ASM than those who never
smoked and showed a dose–effect relationship among the
smokers.22 The effects of smoking cessation on body com-
position have been reported as being associated with in-
creased muscle mass in women.23,24 These findings suggest
that smoking cessation might help increase muscle mass re-
versibly.

Although the underlying mechanism is not clear, cigarette
smoking could accelerate muscle loss by both depressing
muscle protein synthesis and promoting muscle catabolism.
The fractional synthesis rate of muscle was lower and pre-
sented greater expression of genes, including the muscle
growth inhibitor myostatin and E3 ubiquitin ligase muscle
atrophy F-box (MAFBx), in skeletal muscle of smokers
compared with those in nonsmokers.25 Structural and meta-
bolic damages including type I fiber atrophy, increased

Table 3. Age and Body Mass Index Adjusted Odds Ratios for Accelerated Loss of Appendicular Skeletal

Muscle Mass According to Lifestyle, Psychological Factors, or Cardiometabolic Diseases

Reference OR (95% CI) OR (95% CI) p

Caloric intake 1000 to <2000 <1000 cal/day ‡2000 cal/day
1 0.80 (0.53–1.20) 0.81 (0.28–2.34) 0.533

Alcohol (AUDIT) Low (0–7) Intermediate (8–15) High (‡16)
1 1.15 (0.63–2.13) 2.03 (0.36–11.36) 0.66

Exercise <3 h/week ‡3 h/week
1 1.33 (0.91–1.95) 0.142

Smoking Never and past Current
1 3.98 (1.51–10.48) 0.005

Stress (SRI) Normal (<78) Abnormal (‡78)
1 2.47 (0.93–6.56) 0.071

Depression (BDI) Normal (<16) Abnormal (‡16)
1 1.05 (0.59–1.89) 0.869

Hypertension No Yes
1 0.87 (0.55–1.37) 0.321

Metabolic syndrome No Yes
1 1.43 (0.91–2.26) 0.126

Diabetes mellitus No Yes
1 2.97 (1.43–6.17) 0.003

CI, confidence interval, OR, odds ratio.
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glycolytic capacity, and reduced expression of the constitu-
tive nitric oxide synthases were found in the skeletal muscle
of smokers.26

In contrast to our study results, in a longitudinal study of
older men aged 60–85 years, smoking was not associated
with acceleration of muscle loss.27 The causes of this dis-
cordance are unclear. The magnitude of the effects of
smoking on muscle mass could be different for each gender
or age group. Further studies are needed to clarify gender- or
age-specific relationships.

We found that accelerated loss of muscle mass in middle-
aged and older women is associated with DM. Women with
DM had a 2.92 times higher risk of accelerated ASM loss than
non-DM women for 6 years regardless of age, BMI, exercise,
calorie intake, alcohol consumption, menopausal state, and
smoking status.

In a longitudinal study of 1587 community-living women
aged ‡65 years, ASM loss in women with DM was 1.8 times
higher than that of those without DM over 4 years.21 Loss of
muscle mass was greater with higher HbA1c and was atten-
uated by use of medications such as oral hypoglycemic
agents or insulin in other longitudinal studies.28–31 These
results suggest that good glycemic control through improving
insulin resistance might help prevent muscle mass loss.

Insulin is an anabolic signal and stimulates muscle protein
synthesis. Insulin resistance could contribute to acceleration
of muscle loss in type 2 DM patients by decreasing stimu-
lation of protein synthesis pathways and increasing activation
of protein degradation pathways.32,33 Overproduction of
proinflammatory cytokines such as tumor necrosis factor-a
and interleukin-6 could not only influence insulin resis-
tance34,35 but also promote muscle atrophy through activa-
tion of the proinflammatory transcription factor nuclear
factor-j B in type 2 DM individuals.36 Altered muscle fiber
distribution, such as reduction in oxidative type I fibers and
an increase in glycolytic type II fibers, as well as mitochon-
drial dysfunction in skeletal muscle of patients with type 2
DM could also lead to muscle loss.37–39 Conversely, as
skeletal muscle is the main site of glucose consumption, di-
minished skeletal muscle mass could increase type 2 DM
risk.40

In this study, physical activity, daily calorie intake, high-
risk alcohol drinking, depression, or stress were not signifi-
cantly associated with accelerated muscle loss. Our study did
not account for specific types and intensity of physical ac-
tivity or nutritional composition, which could contribute to
changes in skeletal muscle mass. We recognize other limi-
tations that should be considered when interpreting the re-
sults. This study examined 18 smokers that accounted for 2%
of the total participants. According to a 2010 report by Ko-
rean Statistical Information Service, smoking rate among
women 20 years or older was 3.1%.41 This rate was the lowest
among countries belonging to Organisation for Economic
Co-operation and Development. Therefore, the relationship
between smoking and muscle mass loss derived from this
study is limited and do not necessarily generalize to a larger
potentially more diverse population. The evaluation of life-
style or psychological factors was based on a self-reported
questionnaire, the answers to which could have been influ-
enced by recall bias. Participants might have under-reported
their smoking habit because cigarette smoking is relatively
less acceptable for women in Korean culture. Therefore, it
could be more accurate to evaluate smoking status with an
objective test such as urine cotinine or expiratory carbon
monoxide. Independent variables were utilized only from the
baseline data, but the lifestyle habit, psychological state, and
health state could have changed for 6 years. Lastly, the cohort
consisted of women who underwent regular health exami-
nations in a single center, which may limit the ability to
generalize our results.

Despite the abovementioned limitations, to our knowledge,
this is the first study that analyzes the lifestyle or psychological
factors associated with accelerated loss of muscle mass in
middle-aged and older women from longitudinal data. Future
studies are needed to evaluate the association considering the
age of onset of smoking or cumulative smoking amounts
among a larger number of smokers. Also, prospective studies
are needed to establish casual roles for the multiple factors

Table 4. Smoking and Diabetes Mellitus as

Predictive Factors of Accelerated Loss

of Appendicular Skeletal Muscle Mass

OR (95% CI) p

Model 1
Current smoking 3.64 (1.36–9.74) 0.010
Diabetes mellitus 2.78 (1.33–5.81) 0.007

Model 2
Current smoking 3.60 (1.31–9.91) 0.013
Diabetes mellitus 2.92 (1.39–6.14) 0.005

Model 3
Current smoking 3.53 (1.28–9.74) 0.015
Diabetes mellitus 2.92 (1.39–6.14) 0.005

Model 1: Adjusted for age, BMI, and diabetes mellitus or
smoking. Model 2: As model 1, with additional adjustment for
exercise, caloric intake, and AUDIT score. Model 3: As model 2,
with additional adjustment for menopausal state.

‘‘Never and past smoking’’ or ‘‘nondiabetes mellitus’’ is a reference
group.

FIG. 2. Comparison of changes (%) of ASM for 6 years
according to smoking and DM. The percentage changes
(mean – standard error) from baseline of ASM after 6 years
were -2.17% – 1.23% in current smoking women versus
0.20% – 0.18% in never and past smoking women ( p =
0.055). Women with DM had higher loss percentage chan-
ges of ASM than women without DM (-3.71% – 0.87%
versus 0.30% – 0.18%, p < 0.001). DM, diabetes mellitus.
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associated with loss of not only muscle mass but also muscle
strength.

In conclusion, current smoking and DM are predictors for
accelerated muscle mass loss in middle-aged and older
women. Smokers and DM patients need to monitor muscle
mass changes and be open to preventive intervention.
Smoking cessation and good glycemic control are required
for improving muscle health as well as reducing cardio-
vascular risk.
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