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I. Sedentary behavior, obesity, changes in MSH and reduced capacity to work   

In the subgroup with the lowest maintenance of MSH, 44% of the female patients had been 

put on sick leave by the time of the long-term follow-up, compared to 27% of the patients 

with the highest maintenance of MSH. The reasons for decline in MSH may be extended 

absence from work and transportation to work, and not participating in any mixed aerobic 

fitness and strength training, or the fact that just one session per week was not enough to 

maintain MSH. Also, many participants in the total group were overweight or obese at the 

start of the intervention. Notable was that the obese patients had the highest mean MSH of 

both legs at baseline. At long-term follow-up, without reported regular group exercise, leg-

muscle strength to maintain the ability to move the body vertically in MST was not enough. It 

was hardest for the obese patients to maintain MSH. If there had been significant statistical 

power when doing logistic regression analysis, mixed aerobic fitness and strength training 

would probably have had significant positive association with maintenance of MSH. Sickness 

and obesity, together with reduced capacity to work and insufficient daily PA, appear in our 

study to create this MSH decline earlier than muscle weakness due to age would have resulted 

in [1, 2], and with an increased cardio-metabolic risk. Higher BMI as determinant of 

decreased activity has previously been reported [3]. In occupational health when preventing 

obesity and weight gain, early support measures have been recommended for obese 

employees in the form of a focus on enhanced physical functioning, and treatment of obesity 

and its co-morbidities [4]. 

Analysing MSH change over time shows that a new functional status can appear quite fast 

related to decreased muscle strength. When changing to a more inactive lifestyle—for 

example, when being put on sick leave, getting sickness benefits or being unemployed—with 
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a rapid decline in leg muscle strength and leg function as a result, the metabolic and 

cardiovascular risks are markedly enhanced [5].  

  

II. Patients in their 50s and cardio-metabolic risk   

When divided in tertiles by age, unexpectedly the women patients in their 50s (table 2; 3c), 

had lower aerobic fitness levels compared to the oldest age group. Also, their MSH level and 

waist circumference were in between the levels in the other groups but closer to the lower 

level of the oldest age group than to that of the youngest group. It is known that 

cardiorespiratory fitness in general declines at a nonlinear rate which accelerates after 45 

years of age [6], and possibly the situation is the same for MSH. Furthermore, it has been 

shown that elderly women with metabolic syndrome have lower functional capacity, muscle 

strength, lower limb power and flexibility when compared to women without metabolic 

syndrome [7]. With high waist circumference, low aerobic fitness and relatively low leg-

muscle strength, metabolic syndrome is a probable diagnosis for many of our patients in their 

50s. 

 

III. Sickness benefits, change in MSH and metabolic risk   

On the one hand, at baseline, the group with the highest maintenance of MSH compared to 

that with the lowest, included some patients on sickness benefits or with disability pensions, 

which may be a possible cause of lower MSH. The group with the lowest maintenance at 

long-term follow-up, when one fourth of the patients received either sickness benefits or 

disability pension, and nearly half (44%, n=22) compared to one third (27%, n=27) of patients 

in the group with the highest maintenance, had been put on sick leave. Accordingly, the MSH 

decline we found in our study at long-term follow-up can be an early finding indicating 
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effects of sick leave and lower leg-muscle strength on the potential for increased cardio-

metabolic and functional risks.  

 

IV. Maximal step-up test – a health check in both clinical practice and as a self-test 

A steep decline in MSH was seen for patients with type 2 diabetes indicating loss of muscle 

strength and function and comparative reduction in metabolic capacity. In attempting to find 

an assessment method for detecting unhealthy obesity, i.e. obesity with low leg-muscle 

strength and metabolic function, the MST assessment of MSH could be considered useful 

when planning for future research.   

MST can be used for future research to study: the natural course of sarcopenia and 

osteoarthritis; the influence of exercise interventions on the risk of falls; the morbidity and 

mortality in cardio-metabolic diseases, COPD and several other chronic diseases [8, 9]. 

The measurement of MSH has many advantages, already presented [10, 11], it is easy and 

safe to perform and immediately delivers a measurement value. Furthermore, it is 

inexpensive, and after brief instruction, MST can be performed by healthcare staff with the 

help of step-up boards with different heights. Potentially, MST could, in everyday clinical 

practice on consecutive patients, allow the clinician and nurse to detect low muscle strength 

and abnormalities in the loco motor system not observable with the patient in a resting 

position. A review has recently provided evidence that suggests aerobic exercise assessment 

to be a vital sign status in future clinical practice [12]. After the same considerations about the 

health effects and usefulness of assessment of leg strength, we suggest MST may serve as a 

vital sign status for assessment of muscle strength and function which could be used—as a 

health check—in both clinical practice and as a self-test. 
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