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Objective: Sarcopenia leads to physical function impairment and at least to increasing all-cause 

mortality. There are notes on reduced muscle mass in patients with major depressive disorder 

(MDD). Whether an exercise intervention counteracts low muscle mass in patients with MDD 

has not been studied so far. Therefore, our study aimed at examining effects of regular aerobic 

exercise training on muscle mass in patients with MDD.

Participants and methods: Thirty inpatients with MDD were included in the study, of 

which 20 received an additional supervised exercise program. Ten patients obtained treatment 

as usual. Muscle mass was measured using MRI before and 6 weeks after the training period 

(3 times per week for 45 minutes).

Results: We found a significant effect of the exercise intervention on the amount of muscle 

mass depending on age, body mass index, and the physical activity score (P=0.042).

Conclusion: Among other positive effects, regular exercise increases muscle mass in patients 

with MDD and, therefore, should be recommended as an additional treatment tool.
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Introduction
There is an increasing body of evidence that depression is associated with a variety of 

physical conditions and multimorbidity.1 In particular, the prevalence of cardiometa-

bolic diseases is higher in major depressive disorder (MDD),2 and this is associated 

with an elevated risk of premature mortality.3,4 Furthermore, increased intra-abdominal 

and epicardial adipose tissue are key risk factors for cardiometabolic disorders and 

are increased in patients with MDD.5

Considerably less is known about the relationship between depression and skel-

etal muscle function. However, recent studies have suggested that muscle mass was 

reduced in elderly Chinese patients of both sexes6 and in middle-aged depressed man.7 

Depression is also associated with reduced bone mineral density and an increased risk 

of osteoporotic fracture risk.8,9

With increasing age, after a peak in the early adulthood, there is a decrease of ~30% 

in muscle strength and a 40% reduction in muscle mass up to the seventh decade,10 

with a higher risk for the development of sarcopenia. A recent meta-analysis found 

evidence of high comorbidity with frailty in older people with depression.11 In patients 

with depression, low cardiorespiratory fitness levels and a sedentary lifestyle have been 

described.12,13 These factors may particularly increase the risk of depletion in the skeletal 
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system. In addition, depression14 as well as sarcopenia15 and 

frailty16 may share common inflammatory pathways.

Depression has been associated with increased levels of 

cortisol.17 Glucocorticoids are described to induce protein deg-

radation in skeletal muscles and, therefore, lasting high corti-

sol levels may at least, in part, influence muscle mass.18

Several studies have demonstrated that exercise interven-

tions influence the cortisol levels. After aerobic exercise was 

performed at moderate intensity, reduced salivary cortisol 

levels were found as well as an improvement of depressive 

symptoms.19 Glucocorticoid sensitivity and mRNA levels of 

the glucocorticoid receptor can be reduced after a standard-

ized prolonged physical training.20

Aerobic exercise also has been shown to improve symp-

toms of depression, cardiorespiratory fitness levels, brain-

derived neurotrophic factor serum concentrations, and risk 

factors of the metabolic syndrome and to reduce the amount 

of epicardial and subcutaneous adipose tissue.12,21–25 While 

there is also robust evidence that exercise can improve muscle 

function in the general population, there is little interventional 

research that has considered this in people with MDD.

Given the aforementioned, the aim of this study was to 

examine if regular aerobic training can improve muscle mass 

in patients with MDD.

Participants and methods
Participants
The study was authorized by the Ethics Committee of the 

Hannover Medical School, and all participants gave written 

informed consent prior to study entry. All patients took part 

in a randomized pilot trial comparing the effects of adjunc-

tive aerobic exercise on physiological and psychological 

parameters in depression as described before. In short, the 

initial study aimed at examining the psychological and 

physiological effects of a structured, monitored exercise 

intervention in depressed inpatients. In the original study, 

22 patients with MDD received additional exercise treatment 

(EXERCISE), and 20 MDD patients received treatment as 

usual (TAU).21 As secondary outcomes, the amount of intra-

abdominal adipose tissue, pericardial adipose tissue, and 

muscle mass was measured.23 Of the original study group, 

complete data for body composition, including muscle mass, 

were obtained from 20 patients in the EXERCISE and from 

10 in the TAU group.23

Study inclusion and exclusion criteria, diagnostic pro-

cedures, and recruitment and details concerning exercise 

treatment are given in detail in Kerling et al’s study.21 Briefly, 

inpatients with MDD treated at the Department of Psychiatry, 

Social Psychiatry and Psychotherapy, Hannover Medical 

School were included. Diagnoses were made according to 

the DSM-IV criteria and confirmed with standardized clinical 

interviews (SCID I/II; German version). Exclusion criteria 

were body mass index 30, age 18 and 60 years, current 

or lifetime cardiovascular or immunological disorders, acute 

or chronic infectious disease, diabetes mellitus, pregnancy, 

schizophrenia, mental retardation, bipolar disorder, and cur-

rent substance abuse or dependency. None of the patients 

received cardiologic treatments or used β-blockers. Both 

groups did not differ in antidepressant pharmacological 

treatment (85% in EXERCISE and 90% in the TAU group). 

Medication did not change throughout the intervention.

spiroergometry/eXercise intervention
Detailed information on the exercise program is given in 

Kerling et al’s study.21 Briefly, the physician supervised 

training program was carried out during inpatient treatment 

at the MHH Institute of Sports Medicine. It consisted of 

3 training sessions per week at moderate intensity, each last-

ing 45 minutes. A constant load test at 50% of the maximum 

workload obtained during the initial incremental exercise test 

was performed to achieve moderate intensity.

This intensity was above the ventilatory anaerobic thresh-

old and below the anaerobic lactate threshold; so, all patients 

were trained in the aerobic–anaerobic transition zone.

Exercise started with a 25-minute lasting session on a 

bicycle ergometer and was continued for another 20 minutes 

(at personal preference) on a second endurance machine 

(eg, treadmill, crosstrainer, and rowing). The intervention 

lasted 6 weeks, and all the patients completed the study. 

Patients in the TAU group could participate in the daily 

activity program (walking, ball games, and stretching exer-

cises for 20 minutes) voluntarily.

Behavioral assessment, implementation of the spiroer-

gometry, and the exact performance of the exercise program 

are described in Kerling et al’s study.21

Physical activity before starting the intervention was 

measured with a 6-point Likert scale and ranged from 

1 (never) to 6 (very often).

Mri
Muscle mass were examined using a 1.5 T MRI scanner 

(Avanto, Siemens Healthcare, Erlangen, Germany) as 

described before.7 Briefly, a T1-weighted 3D Volume 

Interpolated Breath-hold Examination Dixon sequence of 

the lower abdomen in an axial orientation was acquired. 

Following specifications were used: TR =7.5 ms, TE =2.4 

and 4.8 ms, flip angle =10°, matrix =320 × 159, field of 

view =400–460 mm, and slice thickness =5 mm. In-phase, 
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out-of phase, fat, and water images were calculated. Muscle 

mass was quantified from fat images using an axial slice at 

the level of the lumbar vertebrae (L3) as reported by Psutka 

et al.50 Therefore, a semi-automatic segmentation using 

MeVisLab 2.8 vc12-64 (MeVis Medical Solutions AG, Bre-

men, Germany) was used.

statistical analysis
The statistical analysis was performed using SPSS version 

22.0 (IBM Corp., Armonk, NY, USA) and GraphPad Prism 6  

(GraphPad Software Inc., La Jolla, CA, USA). Data were 

tested for a normal distribution using the Kolmogorov–

Smirnov test. Group differences concerning age, BMI, and 

lifestyle factors (physical activity, drinking and smoking 

behavior) were analyzed using 2-tailed t-test. To determine 

the effects of training on muscle mass, repeated measures 

analysis of variance (ANOVA) with muscle mass as depen-

dent variable, group as independent variable, and age, BMI, 

and physical activity as potential confounders were used.

Pearson’s product-moment correlation coefficient was 

used to analyze correlations.

Values are presented as mean ± SD. All P-values 0.05 

were considered to be significant.

Results
At study entry, there were no significant differences concern-

ing anthropometric data (Table 1). No differences between 

the groups concerning medication, physical activity, alcohol 

consumption, smoking, and the Beck-Depressions-Inventory 

(BDI-2) and the Montgomery-Asberg Depression Rating Scale 

(MADRS) sum score could be observed. On average, 90% 

(16.7 of 18) of the possible training units were performed. The 

participation rate for the voluntarily sessions was about 50%.

comparison of muscle mass
Repeated measures ANOVA with muscle mass as dependent 

variable, group as independent variable, and age, BMI, and 

physical activity (before the onset of the exercise program) 

revealed a significant effect of exercise training on muscle 

mass (F=4.6; df=1; P=0.042) (Table 2).

When BDI sum score at study entry was added as addi-

tional potential confounder in the model, again a significant 

effect of exercise on muscle mass was observed (F=4.6; df=1; 

P=0.042). Adding the post-intervention BDI sum scores to 

the model, a trend toward a significant effect was observed 

(F=4.3; df=1; P=0.05).

Although muscle mass slightly increased in the 

EXERCISE group and slightly decreased in the TAU group 

(Figure 1), post-hoc test revealed no significant group dif-

ferences (data not shown).

Discussion
To the best of our knowledge, the current randomized trial 

is the first to demonstrate that an exercise intervention can 

increase muscle mass in those with depression compared with 

TAU. Our results remained evident after controlling for age, 

BMI, and the physical activity score; furthermore, baseline 

depression scores had no influence on the results.

The reasons why people with depression may have 

reduced muscle mass are multifactorial. Besides increasing 

Table 1 anthropometric data, muscle mass, and physical activity 
in the eXercise (n=20) and the TaU group (n=10) before starting 
the intervention

Measure EXERCISE (n=20) TAU (n=10) P-value

age (years) 44±8 38±9 ns
Male (n) 12 6 ns
height (cm) 174±9 172±9 ns
Weight (kg) 81±23 79±12 ns
BMi (kg/m2) 26.3±5.0 26.5±3.3 ns
Muscle mass (cm2) 121±26 133±31 ns

Physical activity 2.7±1.6 3.1±1.8 ns

Note: eXercise= patients with MDD received additional exercise treatment.
Abbreviations: BMi, body mass index; TaU, treatment as usual; MDD, major 
depressive disorder; ns, not significant.

Table 2 Muscle mass in eXercise (n=20) and TaU group (n=10) 
before and after the intervention

Muscle mass 
(cm2) 

EXERCISE 
(n=20)

TAU
(n=10) P-value

Mean SD Mean SD

0.042
T0 121 26 133 31
T1 124 27 129 35

Notes: Time × group effect was analyzed with repeated measures analysis of 
variance with age, BMi and the physical activity score as covariates. eXercise= 
patients with MDD received additional exercise treatment. a P-value 0.05 was 
considered significant.
Abbreviations: TaU, treatment as usual; MDD, major depressive disorder; BMi, 
body mass index.

Figure 1 eXercise increases muscle mass in patients with depression.
Notes: eXercise= patients with MDD received additional exercise treatment. *P=0.042
Abbreviations: TaU, treatment as usual; MDD, major depressive disorder.
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age, there are many other reasons for decreasing muscle mass 

and muscle strength like lowered physical activity, multiple 

physical disorders (pulmonary, cardiac and renal diseases, 

cancer-associated cachexia, diabetes, Cushing syndrome, 

sepsis, and burns), or as a physiological response to fasting 

or malnutrition with low protein and vitamin intake. Most 

of these pathological conditions are accompanied by an 

increase in glucocorticoid levels, which results in inhibition 

of protein synthesis and, together with enhanced proteolysis, 

leads to muscle atrophy.26 Even daily alcohol consumption, 

cigarette smoking, pro-inflammatory cytokines, and altera-

tions in the endocrine system lead to sarcopenia.26–30 Similar 

changes are seen in patients with MDD, mainly regarding 

lowered physical capacity, increased rates of substance dis-

orders, higher levels of tumor necrosis factor-alpha (TNF-α), 

interleukin-6 (IL-6), and endocrine factors.12,17,31,32

Reduced muscle mass is a risk factor for a variety of 

physical problems, such as osteoporosis, sarcopenia, and 

frailty. This particularly applies to patients at old age. Fried 

et al33 defined frailty as a clinical syndrome in which at least 

3 of the following 5 criteria are present: unintended weight 

loss (10 lbs in past year) accompanied by sarcopenia, exhaus-

tion (self-reported), weakness (grip strength), slow walking 

speed, and low physical activity. The prevalence of depressive 

symptomatology, frailty, and their simultaneous occurrence 

is 10% in adults 55 years of age, and there is a recipro-

cal interaction between depression and frailty and a robust 

prospective correlation between depressive symptomatology 

and increased risk of incident frailty.11,34 Another recent 

meta-analysis suggested that depression is associated with 

sarcopenia.35 Sarcopenia is seen as the biological substrate 

of physical frailty and is accompanied by loss of functional 

independence, reduced quality of life, and a higher mortality 

risk.36–39 Thus, our results suggest that it may be possible to 

reverse some of the reduced muscle mass loss in those with 

depression with a targeted exercise program.

Aerobic capacity is measured as maximum oxygen con-

sumption (VO
2
max) and declines after a peak at 25 years 

from the third decade of life among others due to a reduction 

of muscle mass and an increase of fat mass.40 This decline 

is ~1% per year in non-trained persons and in 35%–50% due 

to a decline in fat-free mass.41,42 Aerobic capacity is reduced 

in people who are frail and may be an important factor 

for frailty in older persons.36 Endurance exercise training 

improves VO
2
max, in which the increase seems to be less 

pronounced in advancing age;43,44 therefore, endurance train-

ing, especially in patients with depression, should start at an 

early stage to prevent loss of muscle mass. During weight 

loss, endurance training can preserve muscle mass contrary 

to weight loss induced by sole diet.45 Regular physical exer-

cise counteracts the catabolic effects of TNF-α and IL-6 and 

promotes anabolism through stimulating mechano growth 

factor and activating satellite cells, which leads to increasing 

muscle protein synthesis, and muscle mass and strength and, 

therefore, improves physical frailty.36

Additionally, exercise impacts tryptophan and kynure-

nine metabolism and increases skeletal muscle expression 

of kynurenine aminotransferases. This leads to a reduction 

in kynurenine brain accumulation levels (via increased 

peripheral metabolism), which has been discussed to be 

the main mechanism in reducing stress-induced depressive 

symptoms.46,47

Although resistance training is the means of choice in 

preserving or increasing muscle mass, muscle strength, 

and functional ability,48,49 the present endurance training 

intervention also showed that it could increase muscle mass 

and, therefore, can be recommended as an effective therapy 

against sarcopenia in patients with depression.

limitations
The main limitation of this study is the small number of 

patients. In order to improve general applicability of the results, 

future studies should include more patients using a representa-

tive sample best based on data of a multicentric study.

Conclusion
Endurance training is effective in preserving muscle mass 

and can be recommended as an effective therapy against 

sarcopenia in patients with MDD.
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