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Abstract 

Background 

Chronic obstructive pulmonary disease (COPD) is estimated to affect 

approximately 8%–10% of all adults. The disease is considered to be a 

heterogenic syndrome with systemic effects, in which comorbidities including 

cardiovascular diseases, muscle dysfunction and fatigue are common. The 

majority of all individuals with COPD have mild to moderate disease (Global 

Initiative for Chronic Obstructive Lung Disease (GOLD) 1-2), and only a third 

are identified by health care, and this under-diagnosis contributes to a lack of 

knowledge of COPD in the population. COPD is related to skeletal muscle 

dysfunction, where muscle weakness, frequently assessed with hand grip strength 

(HGS), is one of the components. Evidence of postural control limitations among 

individuals with severe or very severe COPD has been emerging during the last 

decade. These limitations are partly related to muscle weakness, however, 

research of the other underlying systems of postural control is scarce, and an 

increased knowledge is of importance for the prevention of falls.  

Aim 

The main objective of the thesis was to increase the population-based knowledge 

about muscle strength, assessed as hand grip strength, and also postural control 

among individuals with and without COPD. Another objective was to 

investigate the value of hand grip strength measurements in relation to lower 

limb muscle strength and postural control among community-dwelling older 

adults. 

Methods 

Paper I and II are based on the population-based Obstructive Lung disease in 

Northern Sweden (OLIN) COPD study. All individuals with obstructive lung 

function impairment (n=993) and an age- and sex-matched group without 

(n=993) (COPD and non-COPD) were identified after re-examination of 

population based cohorts during 2002-04. They (n=1,986) have been invited to 

recurrent examinations including structured interviews and spirometry. Paper I 

(n=1011) and II (n=831) include data from examinations during 2009-2010 and 

2014, respectively, where measurements of HGS (Paper I & II) as well as 

assessment of fatigue and physical activity (Paper II) were included. Paper III and 

IV are based on the population-based Balancing Human and Robot (BAHRT) 

study. Randomly selected individuals over 70 years of age were invited to 

participate in a study of postural control aspects, in their homes and at the 
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Human Health and Performance Lab- Movement Science, at Luleå University of 

Technology. The examinations included a structured interview as well as 

measurements of postural control and sensory and motor systems including HGS, 

lower limb strength, proprioception, pressure sensitivity, visual acuity, vestibular 

function and reaction time. Participants in Paper III consisted of community-

dwelling individuals over 70 years of age (n=45). Paper IV consisted of 

individuals with COPD recruited from both the OLIN COPD study as well as 

the BAHRT-study (n=22), as well as a control group without airway obstruction 

from the BAHRT-study (n=34).  

Results 

In Paper I, there was no differences in mean HGS between the groups with and 

without COPD. However, HGS was related to disease severity; HGS was lower 

among those with severe to very severe COPD (GOLD 3-4) compared to non-

COPD, and HGS was associated with forced expiratory volume during 1 second 

% of predicted value (FEV1 % predicted) in regression models. Five years later, in 

Paper II, mean HGS was lower in COPD compared to non-COPD. Further, 

individuals with COPD and clinically relevant fatigue had lower HGS than those 

without clinically relevant fatigue, significantly so among men and close to 

among women. There was no clear association between HGS and level of 

physical activity. In Paper III, there was a strong and valid model showing 

association between HGS and lower limb strength, where all tested muscle 

groups were significantly correlated to hand grip strength. The regression model 

with HGS and postural control was significant, however, the model was weak. In 

Paper IV, individuals with COPD had worse postural control than those without 

COPD, significantly so regarding mediolateral amplitude in quiet stance with 

eyes open on soft/unstable surface, as well as anteroposterior limits of stability. In 

the COPD group, mediolateral amplitude was related to eye sight and the 

burden of tobacco smoking assessed as pack-years. Further, muscle strength 

associated with anteroposterior amplitude in the limits of stability test. 

Conclusions 

In the population-based OLIN COPD study in 2009-2010, mean HGS was 

significantly lower among individuals with severe to very severe COPD (GOLD 

3-4) than those without COPD. Five years later, mean HGS was lower among 

all individuals with COPD (GOLD 1-4) compared to those without COPD, 

which may indicate altered aging process in COPD. HGS was associated to 

fatigue among individuals with COPD, while there were no associations between 

HGS and physical activity. HGS is a valid tool for the estimation of lower limb 

muscle strength among community-dwelling older adults, however, HGS is not 
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appropriate to use as an estimation of postural control. Postural control was 

impaired among individuals with COPD and different postural control 

assessments had different demands on the sensory and motor systems. The burden 

of tobacco smoking and visual acuity might be important for quiet stance trials 

with visual input, while muscle strength might be important for the more 

dynamic limits of stability test. Further research regarding the longitudinal aspects 

of muscle weakness and postural control among individuals with COPD is 

needed to gain knowledge for appropriate preventive or rehabilitative 

interventions. 
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Abstrakt 

Bakgrund 

Kroniskt Obstruktiv Lungsjukdom (KOL) drabbar uppskattningsvis 8%-10% av 

alla vuxna. KOL är ett heterogent syndrom med systemiska effekter och 

komorbiditeter, som kardiovaskulära sjukdomar, muskeldysfunktion och fatigue, 

är vanliga. Majoriteten av alla individer med KOL har en lindrig till medelsvår 

sjukdom (Global Initiative for Chronic Obstructive Lung Disease (GOLD) 1-2), 

men underdiagnostiken är betydande, endast cirka en tredjedel av alla är 

identifierade via sjukvården. Denna underdiagnostik bidrar till kunskapsluckor 

om sjukdomen KOL bland personer i befolkningen. KOL är relaterat till 

muskelsvaghet, vilket vanligtvis har undersökts genom mätningar av 

handgreppstyrka (HGS). Senaste årtionden har nedsatt postural kontroll hos 

personer med KOL har varit i fokus. Dessa nedsättningar är delvis relaterade till 

muskelsvaghet, det saknas emellertid studier av de andra underliggande systemen 

för postural kontroll, och en ökad kunskap är av värde för fallprevention för 

denna population. 

Syfte 

Huvudsyftet med denna avhandling var att öka kunskapen om muskelstyrka, mätt 

med handgreppstyrka, samt postural kontroll hos individer med och utan KOL i 

befolkningen. Ett ytterligare syfte var att undersöka handgreppstyrka i relation till 

benstyrka och postural kontroll hos äldre personer. 

Metod 

Studie I och II är baserade på den populationsbaserade Obstruktiv Lungsjukdom I 

Norrbotten (OLIN)-studiernas KOL-studie. Samtliga individer med 

luftvägsobstruktion (n= 993) identifierades tillsammans med en lika stor ålders- 

och könsmatchad referensgrupp (KOL respektive icke-KOL) efter kliniska 

undersökningar av populationsbaserade kohorter 2002-04. De (n=1986) har, 

alltsedan 2005, blivit inbjudna till återkommande kliniska undersökningar med 

strukturerad intervju och spirometri. Studie I (n=1011) och II (n=831) 

inkluderar data från undersökningarna 2009-2010 respektive 2014. HGS mättes 

vid båda tillfällena, medan fatigue och fysisk aktivitet mättes vid det senare 

(Studie II). Studie III och IV är baserade på Balancing Human and Robot 

(BAHRT)-studien. Ett slumpmässigt urval av individer över 70 års ålder har 

inbjudits till en studie av postural kontroll, där det ingår undersökningar vid såväl 

hembesök som i rörelselaboratorium, Human Health and Performance Lab – 

Movement Science, på Luleå Tekniska Universitet. Undersökningarna 

inkluderade en strukturerad intervju och mätningar av postural kontroll, samt 
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sensoriska- och motoriska system som: HGS, benstyrka, proprioception, 

tryckkänslighet, synskärpa, vestibular funktion och reaktionstid. Deltagare i studie 

III bestod av individer över 70 års ålder med självständigt boende (n=45). Studie 

IV bestod av individer med KOL som rekryterats från OLIN:s KOL-studie samt 

en referensgrupp utan luftvägsobstruktion från BAHRT-studien (n=34). 

Resultat 

I Studie I var det ingen skillnad i HGS mellan individer med och utan KOL. 

Däremot var HGS relaterat till svårighetsgrad av KOL; personer med svår och 

mycket svår KOL (GOLD 3-4) hade nedsatt HGS än dem utan KOL, och lägre 

greppstyrka var associerat med forcerad expiratorisk volym under 1 sekund, % av 

förväntat värde (FEV1% av förväntat). Fem år senare i Studie II hade individer 

med KOL (GOLD 1-4) lägre HGS än dem utan KOL. Bland individer med 

KOL hade de med klinisk relevant fatigue lägre HGS jämfört med dem utan 

klinisk relevant fatigue, dessa skillnader var statistiskt signifikanta bland män och 

nådde nära signifikans bland kvinnor. Det fanns däremot inte något tydligt 

samband mellan HGS och fysisk aktivitet hos personer med och utan KOL. I 

Studie III framkom en stark och valid regressionsmodell som påvisade 

associationer mellan HGS och benmuskelstyrka, där alla testade muskelgrupper 

var signifikant korrelerade till HGS. Modellen med HGS och postural kontroll 

var visserligen signifikant, men den var mycket svag. I Studie IV hade individer 

med KOL sämre postural kontroll jämfört med individer utan KOL: signifikant 

gällande mediolateral amplitud i stillastående test med öppna ögon på 

mjukt/instabilt underlag, samt anteroposterior amplitud i test av stabilitetsgränser. 

Hos personer med KOL var mediolateral amplitud i stillastående relaterad till 

synförmåga och tobaksexponering angivet som pack-år. Vidare var muskelstyrka 

associerat med anteroposterior amplitud i det mer dynamiska testet av 

stabilitetsgränser. 

Konklusion 

Vid populationsbaserade undersökningar under 2009-2010 var HGS lägre hos 

individer med svår till mycket svår KOL (GOLD 3-4) jämfört med dem utan 

KOL. Fem år senare var HGS lägre i gruppen med KOL jämfört med dem utan 

KOL, vilket kan indikera förändringar i åldersprocessen vid KOL. HGS var 

associerat med fatigue, men inte fysisk aktivitet, hos individer med KOL. HGS är 

ett användbart instrument för att uppskatta benmuskelstyrka hos äldre individer, 

men HGS är inte lämpligt att använda som en uppskattning av postural kontroll. 

Postural kontroll var nedsatt hos personer med KOL och olika tester av postural 

kontroll ställde olika krav på de sensoriska- och motoriska systemen. Under 

stillastående test där individerna hade öppna ögon var den totala 
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tobaksexponeringen och synskärpa viktigast. I det mer dynamiska testet av 

stabilitetsgränser var emellertid muskelstyrka viktigt. Det behövs fortsatta studier 

av de longitudinella aspekterna av muskelsvaghet och postural kontroll hos 

personer med KOL, för ökad kunskap gällande lämpliga preventiva åtgärder eller 

rehabiliteringsinterventioner.  
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ATS 
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Unstable/soft surface with Eyes Closed 
Unstable/soft surface with Eyes Open 

Vital Capacity (Best of SVC or FVC) 
Variable Importance Plot 
Six Minutes Walking Test 
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Introduction 

Chronic Obstructive Pulmonary Disease (COPD) is a common and progressive 

disease with systemic effects that affects physical function. Exercise induced 

dyspnea, fatigue and peripheral muscle weakness are some of the effects and this 

is particularly studied in patients with more severe COPD. The disease is under-

diagnosed in the general population, contributing to a lack of knowledge of the 

severity of effects on physical function among individuals with mild and 

moderate COPD. There is a value of increasing the knowledge of muscle 

weakness among individuals with and without COPD from population-based 

studies, to determine the weakness across all severities as well as compared to 

those without airway obstruction. Physiotherapeutic rehabilitation interventions 

to increase muscle strength and exercise capacity are effective among individuals 

with COPD, and it is currently unknown how early in the disease progression 

that interventions should be introduced.  

Strength can be tested in multiple ways, but the most common method used in 

COPD research is maximum force of the quadriceps muscle due to its relation to 

functional performance, such as walking. This often requires rather expensive 

equipment and/or a demanding protocol, and might not be feasible in all clinical 

settings. Hand grip strength (HGS) is a quick and easy tool that has been used 

during the last decades as it is associated to lower limb strength and functional 

capacity. Previous research has mainly investigated direct correlation analysis 

between HGS and a single muscle group of the lower limbs. Hence, there is a 

need to investigate multiple muscle groups and with more advanced regression 

modelling to determine the relationship, and the value of using HGS as an 

indication of lower limb strength.  

One of the most important components of human movement is postural control. 

It is a complex skill with activation and integration of sensory and motor systems, 

and of course the central nervous system (CNS), that acts or reacts to prevent us 

from falling. In a clinical setting, postural control is often measured with basic 

performance-based tests without the need for expensive and demanding 

equipment. Postural control can also be measured in more detail with 

posturography, often performed by measuring center of pressure excursions 

(postural sway) with a force plate. HGS has previously been related to general 

muscle strength (a contributor to postural control) and an increased risk of falls 

(an outcome of poor postural control), but the research of postural control 

measured with posturography in relation to HGS is scarce. Motion laboratory 

studies would provide more insights of the strengths as well as the limitations, of 

the assessment of HGS and its association with postural control. 
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In recent years, postural control limitations among individuals with COPD have 

been in focus, and this is related to an observed increased risk of falls compared to 

older adults without COPD. This deteriorated postural control is related to 

muscle weakness, which has proven to be a key contributor to the postural 

control impairments among individuals with COPD. Muscle function is only one 

component of the underlying mechanisms involved in postural control and 

previous research has only detected weak associations, and the other major 

subsystems (visual, vestibular and somatosensory) are not thoroughly investigated. 

Postural control in COPD is often measured with previously mentioned basic 

performance-based tests. These static or dynamic tests are clinically relevant since 

they adequately assesses postural control and fall risk in appropriate conditions, 

but they are only gross indicators. Even though these tests are able to assess the 

outcome of postural control limitations (fall risk), they do not have the ability to 

properly detect impairments in the each of the sensory and motor systems 

responsible for the outcome. Instead, motion laboratory assessments of the 

amplitudes of postural sway with posturography could provide novel and detailed 

information about the postural control limitations among individuals with 

COPD. Further, in motion laboratory studies, there are also possibilities to 

directly assess the underlying sensory and motor system, such as proprioception 

and muscle strength. Thus, by investigating the underlying factors that are 

responsible, the appropriate rehabilitation interventions could be implemented. 
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Background 

Chronic Obstructive Pulmonary Disease 

Chronic Obstructive Pulmonary Disease (COPD) is, according to Global 

Initiative for Chronic Obstructive Lung Disease (GOLD)1 defined as “a 

common, preventable and treatable disease that is characterized by persistent 

respiratory symptoms and airflow limitation that is due to airway and/or alveolar 

abnormalities usually caused by significant exposure to noxious particles or 

gases”.1  

The most well-known predictors for COPD are increasing age and smoking, and 

nearly every other elderly smoker fulfil the spirometric criteria for COPD.2-4 The 

majority of all individuals with COPD in the society have mild to moderate 

disease and only a few percent have severe to very severe disease.5,6 However, 

approximately merely 20-30% of all individuals with COPD are identified by 

health care.5-7 This large under-diagnosis is related to disease severity contributing 

to a lack of knowledge, especially regarding mild to moderate COPD.6 The 

disease also exists among non-smokers, where a previous diagnosis of asthma, 

occupational exposure and exposure to environmental tobacco smoke, are 

significant risk factors8,9 Globally, the burning of biomass fuels for heating of 

homes and cooking is a major risk factor for COPD.10 

The most common respiratory symptoms among individuals with COPD are 

cough, sputum production, wheeze and dyspnea. Dyspnea, or breathlessness, is 

common among individuals with a more severe disease and by themselves 

described as the worst symptom.11,12 Besides respiratory symptoms, fatigue is 

common in COPD.13,14 Even though COPD is characterized by chronic airflow 

limitations, respiratory symptoms are often preceding the obstruction1. 

Nevertheless, the symptoms progresses slowly over many years,1 contributing to 

the under-diagnosis.  

COPD is a preventable and treatable disease, but the airway obstruction may 

progress over time and is unfortunately not fully reversible.4,15 Even though the 

clinical picture is heterogeneous and also the disease progress differs between 

individuals, end-stage COPD is characterized by increased symptom burden 

including dyspnea as well as multiple comorbidities. The dyspnea is initially 

exercise induced, and when the disease progresses, it will occur in activities of 

daily living and even at rest, limiting the physical activity and performance.15 

Individuals with COPD also suffer from exacerbations, an acute worsening of 

respiratory symptoms requiring a change in treatment.16 Besides a worsening of 
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symptoms, these exacerbations are related to an accelerated decline in lung 

function.17 

The disease is related to an airway obstruction, with a progressive loss of lung 

function18 and to confirm the diagnosis of COPD it is necessary to perform a 

spirometry to demonstrate airway obstruction. According to GOLD, the 

spirometric definition of airway obstruction is post-bronchodilator ratio of 

Forced Expiratory Volume in 1 second (FEV1)/ Forced Vital Capacity (FVC) 

<0.70.1 The severity of airflow limitation classification is based on the percent of 

predicted FEV1 (FEV1 % predicted) and ranked from GOLD 1-4 (mild to very 

severe) (Table 1). The FEV1 % of predicted should be estimated in relation to 

representative reference values according to anthropometric, ethnic and 

environmental factors.19 The fixed ratio criteria (post-bronchodilator 

FEV1/FVC<0.70) is easy to use but may over diagnose COPD among elderly.20 

The American Thoracic Society (ATS)/European Respiratory Society (ERS) 

Lower Limit of Normal (LLN) criterion is considered more physiological. The 

LLN criterion is defined as a post-bronchodilator ratio of FEV1/FVC <LLN, 

where LLN is defined as the 5th percentile of the corresponding reference value.19  

 

Table 1. Classification of airflow limitation severity in COPD (FEV1/FVC<0.70) based on post-

bronchodilator FEV1 

Classification Severity FEV1 

GOLD 1 Mild FEV1 ≥ 80 % predicted 

GOLD 2 Moderate 50 % ≤ FEV1 < 80 % of predicted 

GOLD 3 Severe 30 % ≤ FEV1 < 50 % of predicted 

GOLD 4 Very severe FEV1 < 30 % of predicted 

 

Prevalence of COPD 

COPD is an endemic disease that causes a significant burden throughout the 

world.4,21,22 The World Health Organization reported that COPD was the third 

leading cause of death in 2016.23 Globally, the health economic burden of 

COPD is substantial, in Sweden, the total costs of the disease is approximately 

1.5 billion Euros per year.24 The estimated prevalence of the disease varies,22 and 

these variations are multifactorial and one major issue is the use of different 

methods and diagnostic criteria for defining COPD; where a self-reported 

doctor’s diagnosis provides lower rates and the presence of airflow limitations 
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provides higher rates, respectively.21 Self-reported data will yield a low 

prevalence due to the large under-diagnosis, while spirometry in population 

based samples will provide an objective assessment that is not affected by the 

under-diagnosis and usually yield higher prevalence rates. However, the results 

are also influenced by which spirometric criteria that is used.6,21 Even when 

identical methodology is used, international variations in the prevalence rates are 

present.  

In a review from 2015 where COPD was defined as chronic airflow limitation 

assessed by spirometry using the LLN criteria, the prevalence ranged from 3.6 % 

in Columbia to 19.0% in South Africa.5 In a previous review published in 2007, 

the prevalence of COPD varied between 11.4% in China to 26.1% in Austria 

with the GOLD-criteria.25 In a large cohort from the population-based 

Obstructive Lung disease in Northern Sweden (OLIN), the prevalence of COPD 

has been decreasing over time and is now estimated to 6-8%, depending on the 

spirometric criteria.26 In the same study, there were no significant differences of 

prevalence of COPD between men and women. COPD have previously been 

more common among men than women,4 however, since the smoking habits in 

latter years is generally equal between the sexes, the disease is also equally 

common.26  

Co-morbidities  

COPD was previously considered a lung disease only, but is nowadays 

considered to be a heterogenic syndrome including several different phenotypes 

as well as systemic effects.27 However, still characterized by airflow obstruction, 

mainly caused by tobacco smoking.28 Co-morbidities are common among 

individuals with COPD, and cardiovascular diseases, depression, diabetes and 

osteoporosis are some of the systemic manifestations.29 Population-based studies 

have reported that cardiovascular diseases are the most frequent.30,31 The 

relationship between COPD and these comorbidities may be the result of an 

inflammatory spill-over from the lungs, or a general systemic inflammation.29,32 

However, the high comorbidity prevalence in COPD might also be due to 

common risk factors, such as smoking, aging and physical inactivity.33   

Skeletal muscle dysfunction 

Skeletal muscle dysfunction is another concomitant condition; it is related to 

exercise limitation,34,35 muscle fiber atrophy and muscle fiber shift from type I 

fibers to type IIx, inconsistent with normal aging.36 The underlying mechanisms 

behind the muscle dysfunction is not clear, and it is debated whether it could be 

a result of years of inactivity or a specific form of myopathy. However, systemic 
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inflammation, oxidative stress, nutritional imbalance and hypoxemia are 

mechanisms likely involved.37 Further, muscle atrophy among individuals with 

COPD is a significant determinant of mortality, independent of lung function, 

smoking habits and BMI,38 in accordance with muscle atrophy in the general 

population.39 The COPD-related muscle dysfunction is a major contributor to 

functional limitations, including exercise intolerance.37  

However, previously unknown postural control impairments among individuals 

with COPD have been identified during the last years,40 and these may 

contribute to an increased risk of falls. Since muscle strength is a primary 

component of postural control among older individuals41 and muscle weakness is 

common among patients with COPD,37 the postural control impairments are 

perhaps not unexpected. However, it is currently not fully known how much the 

muscle weakness contributes to the postural control impairments. Further, the 

majority of studies investigating muscle dysfunction in COPD include selected 

populations of patients with severe COPD identified by health care. The results 

are thus affected by the under-diagnosis and population-based studies are scarce. 

A more thorough description of muscle dysfunction in COPD will follow in 

later sections of this thesis. 

Physical activity and fatigue 

Studies have presented that patients with COPD have a more sedentary lifestyle 

than healthy and age-matched controls and spend less time performing physical 

activity,42,43 and there is a clear association between daily physical activity and 

COPD severity assessed as FEV1 % of predicted.44 These studies include patients 

recruited from health care, where the majority have severe or very severe disease. 

In the population-based OLIN COPD-study, low physical activity was more 

common among individuals with moderate to very severe COPD than among 

those without COPD.45 In another population based study, the risk of 

hospitalization and mortality was increased among individuals with COPD not 

meeting the daily recommendations of physical activity, i.e. physical inactivity.46 

Further, a prospective study of outpatients with COPD found that physical 

inactivity was the best predictor of all-cause mortality.47  

As previously mentioned, there is a relationship with COPD-related muscle 

dysfunction and physical inactivity,37 where inactivity is a contributor to the 

skeletal muscle alterations. However, a systematic review of physical activity 

among patients with COPD found no clear association between physical activity 

level and muscle strength,44 highlighting that the relationship between the 

dysfunction and inactivity is not straightforward. The included studies consisted 

primarily of smaller study samples of patients with COPD. Larger population-
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based samples are needed to understand these relationships also among the large 

proportion of under-diagnosed individuals, especially those with mild to 

moderate COPD. 

Fatigue is associated with several chronic diseases besides COPD,48 and is 

described as a subjective feeling of tiredness and exhaustion preventing the ability 

to function to the individual’s regular capacity.49 This definition of fatigue is not 

to be confused with central- or peripheral limb muscle fatigue, which refers to a 

reduction in force due to neural output or a local fatigue in the muscle, 

respectively.50,51 Both population based studies14 and studies including patients13 

have shown that fatigue is common among individuals with COPD. 

Furthermore, fatigue seems to be worse among individuals with COPD 

compared to age-matched controls, 13,14,52 and heart disease increases the risk of 

fatigue both among individuals with and without COPD.14 Among patients with 

COPD, fatigue is associated with respiratory symptoms and impaired health 

status,52 and further, with muscle strength.53 In the OLIN-COPD study, fatigue 

was also strongly associated with low physical activity among individuals with 

COPD,45 and one strategy to gain control over fatigue is to continue with 

physical activity according to a qualitative interview study.54  

The relationship between physical activity, fatigue as well as muscle dysfunction 

have not been investigated in population-based studies before, only in small and 

selected populations of patients with COPD.  

 

 

 

  

In summary: 

COPD is a disease with substantial systemic effects besides airway 

obstruction and respiratory symptoms, fatigue and muscle dysfunction 

are common. Individuals with COPD are more sedentary than age-

matched controls, which is related to both fatigue and muscle 

dysfunction. One of the components of the dysfunction is muscle 

weakness, and it is related to various functional limitations, and recent 

evidence has highlighted postural control impairments in this group. 
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Muscle Strength 

Muscle strength, defined as the maximum force generated at a specific velocity,55 

is a key contributor to various functions of the human body. The primary 

function is to produce movement and maintain postural control, providing a 

possibility for activity, participation and functional independence.55 Muscle 

strength is essential to the human movement, from when we are born, through 

adulthood until older age,56 and adequate muscle strength is a major component 

of the individual’s motor system. The maximum force is dependent on different 

factors; the neural motor commands, type of contraction, muscle fiber type, the 

number of muscle fibers innervated by a motor neuron and muscle mass.37 Even 

though the muscle force is dependent on many different aspects, the muscle mass 

(total cross-sectional area) is possibly the most important factor.37,55 

In normal aging, there is a decline in the ability to produce muscle force,41 

commonly described as sarcopenia.39 Sarcopenia was previously determined 

principally by low muscle mass,57 but has recently shifted focus to muscle strength 

instead since it is a clinically more relevant characteristic.39 Age-related decline of 

muscle strength is related to a higher risk of falls and mobility disorders,58 as well 

as a higher mortality risk.59 

Measuring muscle strength 

Muscle strength can be measured with free weights, force transducers or 

dynamometers.55,60 There are also possibilities to measure different types of motor 

actions, where the muscle is shortening (concentric), lengthening (eccentric) or 

working statically (isometric).55 The choice of measurement equipment as well as 

the type of motor action, will provide different aspects of muscle strength or 

muscle function.60 Isometric measurements of both upper and lower limbs are the 

most common among community-dwelling older adults because they are 

generally less expensive and easier to use for clinicians compared to dynamic 

alternatives that assesses full range of motion.61,62 Hand grip strength (HGS) is 

frequently used in the assessment of muscle strength in older adults 39,63 due to its 

feasibility and the fact that it is correlated to general muscle strength.64-66 Besides 

using direct assessment of strength with mentioned equipment, functional tests of 

physical performance such as gait, chair stands and balance, in where muscle 

strength is a component, is also common.62 

Another relevant aspect of muscle strength is muscle quality. The definition of 

muscle quality varies,55,62 but one definition used in previous research is muscle 

function per muscle mass, i.e. generated force adjusted for muscle mass.67,68 
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Muscle quality is known to be reduced in aging and is therefore an important 

factor when investigating physical function.55 

Muscle strength in COPD 

Individuals with COPD have in general reduced muscle strength compared to 

healthy age-matched individuals.37 Studies of muscle strength in COPD is 

generally conducted on quadriceps strength among diagnosed patients, and 

muscle strength is reduced between 20-30% compared to controls.69-72 A 

relatively large study from a health care center demonstrated that muscle strength 

in both upper and lower extremities was lower among individuals with a 

physician’s diagnosis of COPD than among healthy controls, and the difference 

was between 10-17% for muscle groups in upper limb, and 15-18% for lower 

limbs.73 Further, just like the burden of respiratory and systemic symptoms in 

COPD, muscle weakness is related to disease severity.74 Individuals with COPD 

are more physically inactive compared to age-matched controls,44,45 but the 

relationship between muscle weakness and physical activity is not strong, and 

previous research includes small and selected COPD populations not accounting 

for the known under-diagnosis. In contrary, the relationship between fatigue and 

muscle strength seems to be more solid, as evidenced by studies of patients with 

COPD,53,75 however, no population-based studies have previously investigated 

this association. 

Muscle weakness among individuals with COPD have also been related to 

postural control limitations,40 but it is not fully known how much the muscle 

weakness contributes to the limitations, since postural control is a complex skill 

with activation of different sensory and motor systems.76 

Hand grip strength 

HGS is one of the most frequently used measurements of muscle strength among 

older adults, as previously mentioned. It is easy and quick to measure, and it has 

also been associated with general strength, commonly measured with knee 

extensor strength,64-66 even though some studies have presented lower 

associations between hand grip- and lower limb strength.77 

Since a measurement of HGS has the ability to screen for general strength, it has 

a potentially large clinical value where it can be used instead of more time-

consuming or equipment-dependent methods.78 HGS have also been related a 

number of health-related outcomes such as frailty,79 sarcopenia39 and a number of 

chronic diseases.80 Further, lower HGS is also associated with limitations of 

physical function such as slow gait speed81,82 and self-rated disability.83,84 A multi-
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national longitudinal population based study published a few years ago further 

suggests that grip strength is a risk marker for cardiovascular disease and that a 

decline in HGS predicts mortality (irrespectively of COPD or not).85 Most 

studies of the association between HGS and general muscle strength include only 

one muscle group, commonly the quadriceps muscle, and conducted with single 

correlation analysis. The relationship between HGS and other lower limb muscle 

groups important for mobility and postural control are less known, and other 

statistical methods such as advanced regression modelling might provide further 

confirmation whether HGS is a clinically relevant assessment for general strength. 

Hand grip strength in COPD 

In research, HGS is commonly used to assess muscle strength among individuals 

with COPD. In a selected population of 26 individuals with moderate to very 

severe COPD, HGS correlated strongly to muscle mass and strength in both 

upper and lower extremities.86 This study implies that a measurement of HGS 

can be used as an indirect measure for peripheral muscle strength in patients with 

COPD, in line with the research regarding the general population.  

A few studies have investigated HGS among patients with COPD compared to 

individuals without, the results are somewhat inconsistent. In a relatively large 

primary care study, 1202 individuals with mild to very severe COPD had 

significantly lower HGS compared with a healthy control group.73 HGS was also 

lower among 18 patients with COPD compared to 15 healthy non-smokers87 

while in another study, HGS was similar among 20 patients with mild to very 

severe COPD and healthy controls.53 Further, in studies of the association 

between HGS and airflow limitation, no significant correlations were found 

between HGS and FEV1 percent of predicted value, among patients with 

moderate-to-very severe COPD.86,88 These inconsistent results are most probably 

due to differences in the selection of study population and the well-known 

under-diagnosis of COPD.5,6 

In a recently published population-based study from the Longitudinal Aging 

Study Amsterdam, there were no difference in right or left HGS between 68 

individuals with COPD compared to an age- and gender matched group.89 In 

line with these results, there was no difference in age- and gender stratified 

comparisons of HGS between 421 individuals with COPD according to the 

GOLD criteria, compared to 2542 controls without obstructive lung function 

impairment.90 In the latter study, HGS was even higher in the COPD group 

when adjusting for confounders. 
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More population-based studies are needed to understand the true burden of 

muscle weakness in COPD, as well as to understand the relationship between 

muscle weakness, fatigue and physical activity. This information is of importance 

to identify individuals for rehabilitation interventions. 

 

 

 

  

 

In summary: 

Muscle strength, i.e., the ability to produce force, is important for 

human movement, and declines during aging. Muscle weakness is 

also common in patients with COPD, and is related to functional 

limitations. When measuring muscle strength, isometric assessments 

are the most frequent, and HGS is commonly used as an indicator 

for general muscle strength among older individuals. Most studies of 

the association between HGS and lower limb strength are 

correlation analysis with only one muscle group. Studies of the 

association with multiple muscle groups and more advanced 

regression models might provide further evidence of the use of the 

assessment of HGS as general strength. 

Research of muscle weakness in COPD has previously been 

conducted among patients with a more severe disease. Due to the 

known under-diagnosis, population-based studies are needed to 

understand the true burden of and the relationship between HGS, 

fatigue and physical activity in COPD. An increased knowledge is of 

importance to identify individuals for rehabilitation interventions. 
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Postural control 

Postural control is a complex motor skill with influences from multiple sensory 

and motor operations, and the two main goals of postural control is orientation 

and equilibrium.76 Orientation includes active control of the body alignment to 

visual and internal information, standing surface and gravity. Equilibrium is 

involving coordination of sensorimotor strategies to stabilize the center of mass 

(CoM) within the base of support (BoS), and acts in order to maintain balance 

and stability. 56 This task is complex, the central nervous system (CNS) combines 

sensory information from especially visual, vestibular and, somatosensory systems 

(proprioception and tactile information) along with motor actions and reactions, 

in order to maintain balance and stability (Figure 1). If the postural control 

systems are unable to meet the demands, a fall may occur.56,76 Generally in aging, 

the properties of sensory and motor systems undergo alterations,41 and there is a 

progressive loss of functioning in the subsystems91 leading to postural control 

impairments and an increased fall risk.41 Falls among the elderly is associated with 

a decrease of functional independence, social interaction and life expectancy.92 

Aging is however a heterogeneous process, and the variation between individuals 

is large.56 

 

Measuring postural control 

Postural control is often measured with basic performance-based assessments 

where the postural control is tested in different conditions, such as time standing 

in static bipedal, monopedal or tandem stance with open or closed eyes.93 Many 

Figure 1. Schematic illustration of postural control 

Adapted from Roijezon et al.108 
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tests also include assessments of dynamic aspects, such as walking, chair rises or 

functional reach, where the performance of the tests is evaluated and scored. 

Examples of frequently used instruments regarding both static and dynamic 

postural control in research and in clinic, are the Short Physical Performance 

Battery (SPPB),94 Berg Balance Scale,95 Functional Reach Test96  and the Balance 

Evaluation Systems Test.97,98 These tests were generally created to identify 

postural impairments in old or frail individuals, and even though they are 

clinically relevant to detect an increased fall risk, they do not provide detailed 

information about, and precise measurements of, postural control.93 

In motion laboratory settings, postural control is commonly measured with 

posturography. This is often performed by use of a force plate, measuring center 

of pressure (CoP) excursions during quiet stance, i.e. postural sway99,100 or 

maximal amplitude of CoP in the more dynamic limits of stability (LoS) test.99,101 

These variables provide detailed objective data of the postural control system, by 

assessing postural control during approximately 20-60s in different conditions, 

where postural control impairments is indicated by larger amplitudes in static tests 

and smaller amplitudes in the LoS tests.93 To evaluate the different sensory 

systems of postural control, each respective system can be tested, manipulated or 

disturbed during the trial; eyes opened or closed for the visual system, firm or soft 

surface for the somatosensory system (tactile and proprioception at foot/ankle), 

vibration of muscle spindles at local postural muscles for proprioception or 

galvanic stimulation for the vestibular system.93 Since all of the sensory 

information is integrated and weighted, a disturbance of one of the subsystems 

forces the postural control system to adapt and increase the relative dependence 

on the other systems.76 

Sensory and motor systems in postural control 

To maintain postural control in different situations, information from the sensory 

systems have to be integrated. The visual system provides information about the 

surrounding environment, but also about the orientation of the body in relation 

to the room, for example to align vertically.56 The vestibular system consists of 

receptors in the inner ear and senses both rotational movement and acceleration 

of the head, this includes the gravitational pull on the head when we are 

motionless.102 Proprioception is the perception of the position and movement of 

a body part in relation to another body part, unassisted by other senses,103,104 and 

it integrates information derived from receptors located in muscles, muscle 

tendons, joints and skin. In recent years, a sense of the force of a body part have 

also been included in the description of proprioception.104,105 Superficial receptors 

in the skin provide tactile information about the environment, and relevant for 
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postural control; receptors on the plantar surface of the foot deliver information 

about the location and force of weight-bearing activities.104,106 The role of the 

motor system, i.e. muscles and tendons, is to provide adequate forces to maintain 

postural control in relation to the body and the environment, based on motor 

actions or reactions provided from CNS.76,107 Muscle activity during postural 

control can be divided into a continuously tonic activation, and a temporary 

phasic activation. The tonic activation involves small forces to supply sufficient 

stability during a relatively long period of time without generating muscle 

fatigue. The phasic activation of muscles is created during quick movements and 

perturbations, with a size and direction in relation to the perturbation.108 The 

motor command from CNS is also accompanied with a copy of the motor 

command, an efference copy, to other parts of the CNS.109 The efference copy 

allows for rapid prediction of the result of the motor command and integration 

with the information from the sensory systems for better estimation. Impairments 

of these subsystems occur in aging as previously described, and is contributing to 

an increased risk of falling among individuals of older age.41,91,110,111 

To preserve orientation and equilibrium the CNS integrates information from 

these subsystems and sends a motor command, including an efference copy, 

taking biomechanical constraints together with task and environment in 

account.109 The motor command result in some kind of movement behavior, 

which in turn provide new information from the subsystems for the CNS to 

integrate. Hence, postural control is a continuous process.76,108,109 

The role of muscle strength in postural control 

The relation between muscle strength and postural control is not straightforward. 

There is a significant association between them and muscle weakness is a 

contributor to balance impairments.112 However, the complexity of postural 

control and the involvement of sensory and motor control systems, introduces 

several unknown factors that complicates causal assumptions. Another reason for 

inconsistencies between strength and postural control is due to the variation of 

the postural control tests themselves, commonly categorized as static, dynamic, 

functional and computerized posturography measures.112 In a study among 

healthy 65-75 year old individuals there was an association between muscle 

strength, assessed as knee extension strength, and dynamic postural control,113 but 

there was no clear association between muscle strength, and CoP excursions in 

quiet stance with posturography. On the other hand, in another study of 

community-dwelling 60-82 year old individuals,114 there was a significant 

association between postural control sway measured with posturography and 

HGS, but no association between any dynamic- or functional postural control 
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tests and HGS. Muscle strength is only one of the many components of postural 

control76 and it is currently unclear how strongly HGS specifically can explain 

postural control among individuals of older age. 

HGS and postural control 

Since HGS is related to general strength,64,65,115,116 it could be assumed that it is 

also related to postural control in the same manner as general strength. As 

previously mentioned, HGS have been associated to slow gait speed,81,82 

functional limitations,84 an increased risk of falls,117,118 and osteoporosis-related 

fracture risks.119 To my knowledge, only one study have investigated HGS and 

postural control measured with posturography, where there was a significant 

association between postural control and HGS, among community-dwelling 60-

82 year old individuals.114 

Postural control in COPD 

Impairment in postural control among individuals with COPD has been in focus 

in recent years. There is emerging evidence of balance reduction in studies of 

individuals with moderate to very severe COPD compared to age-matched 

healthy controls.120-122 The incidence of falls among individuals with severe 

COPD is reportedly higher than among elderly without COPD,123 and falls 

among elderly with COPD is associated with a decline in physical activity.123 

Falls among individuals with COPD is even more problematic due to the 

increased prevalence of osteoporosis and its related fracture risks.124  

The reason behind postural control impairments in COPD is not fully 

understood, however, it has been reported to be at least partly associated with 

muscle weakness.40 Another possible reason might be due to an increased 

respiratory demand of the trunk muscles. In a study comparing postural control 

in 12 individuals with severe COPD to an age matched control group, those 

with COPD had a reduced postural control in a mediolateral direction, but not 

in the anteroposterior direction.125 Since mediolateral postural control is mainly 

dependent on trunk muscles, this could be an indication of competition between 

trunk muscle activity between respiration and postural control. 

Research regarding the other components of postural control besides muscle 

function among individuals with COPD is scarce. A previous study of individuals 

with moderate to severe COPD reported impairments in postural control as well 

as lower knee extensor muscle strength compared to those without airway 

obstruction, however, they found no significant association between postural 

control and knee muscle strength.122 The study also included quiet stance tests in 

various sensory conditions to challenge the postural control by altering the 
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sensory input and integration from the visual, somatosensory and vestibular 

systems, but there were no group differences when calculating ratios between 

conditions to analyze the contribution of each system.  

Another study investigated underlying proprioceptive changes in postural control 

using muscle vibration and found that those with COPD increased their 

dependence on ankle proprioception and decreased their dependence on back 

muscle proprioception during vibration of respective area during quiet stance 

tests.126 No study, has to my knowledge, investigated proprioception with the 

commonly used joint position sense (JPS).104 In another study,127 individuals with 

moderate to very severe COPD exhibited a delay in reaction time, measured by 

stepping reactions after perturbation, compared to age- and gender matched 

controls. However, there was no differences in EMG-measured muscle onset, 

indicating that it might not be a delay in central signalling, but more likely 

deficits in performing the actual stepping movements. In the same study, 

individuals with moderate to very severe COPD exhibited impairments of all six 

categories of the Balance Evaluation Systems Test (BESTest), including a sensory 

component.127   

No previous study has, to the best of my knowledge, included specific tests of the 

various sensory systems to analyze their associations with altered postural control 

in COPD. This knowledge is essential for the implementation of appropriate 

interventions to prevent falls in this population. 

In summary: 

Postural control is a complex motor skill, dependent on the sensory 

and motor systems. Generally in aging, the postural control system 

decreases in function leading to an increased fall risk. The 

relationship between postural control and muscle strength is not 

straightforward, even though muscle strength is important. 

Hand grip strength seems to be a good indicator for general strength. 

The relationship between hand grip strength and postural control is 

less investigated, and it is of clinical value to investigate this 

association to provide information of both the strengths and 

limitations of the assessment. 

Individuals with COPD have postural control impairments, and this 

is related to muscle weakness to some extent but not completely. 

The underlying sensory systems have not been thoroughly 

investigated before, and an increased knowledge is of importance for 

the implementation of appropriate interventions. 
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Rationale 

Research of muscle weakness in COPD has mostly involved patients with a more 

severe disease. Due to the known under-diagnosis, population-based studies are 

needed to understand the true burden of and relationship between muscle 

weakness, fatigue and physical activity in COPD. An increased knowledge is of 

importance to identify needs of early rehabilitation and prevention.  

HGS is commonly used as an indicator for general strength among older 

individuals, and has also been used in COPD research. Studies of the association 

with multiple lower limb muscle groups might provide further evidence of the 

use of the assessment of HGS as a feasible screening tool for lower limb strength.  

Postural control is a complex motor skill, dependent on the sensory and motor 

systems. The postural control system decreases in function during aging, leading 

to an increased fall risk. The relationship between postural control and muscle 

strength is not straightforward, even though muscle strength is a key contributor. 

The relationship between HGS and postural control is less investigated, and it is 

of clinical value to investigate this association to provide information of both the 

strengths and limitations of the assessment of HGS as a screening tool for postural 

control. 

Individuals with COPD have postural control impairments, and this is related to 

muscle weakness to some extent, but not completely. The underlying sensory 

systems have not been thoroughly investigated before, and there are indications 

that these systems may be affected. Posturographic measurements together with 

direct assessments of the different motor and sensory systems are needed to 

elucidate the postural control impairments among individuals with COPD. An 

increased knowledge would provide important information to consider in the 

prevention of falls in this population. 

In the description of physiotherapy by the World Confederation for Physical 

Therapy, it is stated that: “Research is continually providing new evidence upon 

which practice will be built. Nowhere is this more apparent than in the 

understanding of human movement, which is central to the skills and knowledge 

of the physical therapist.”128 Knowledge from this thesis could be valuable for 

physiotherapists, as well as other health care professionals, working with the 

assessment of physical function among individuals with and without COPD. 
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Research aims 

The main objective of the thesis was to increase the population-based knowledge 

about muscle strength, assessed as hand grip strength, and also postural control 

among individuals with and without COPD. Another objective was to 

investigate the value of hand grip strength measurements in relation to lower 

limb muscle strength and postural control among community-dwelling older 

adults. 

 

Paper I 

The aim of this population-based study was to compare hand grip strength 

among the subjects with and without COPD by COPD severity. Secondary aims 

were to evaluate hand grip strength in relation to reference values and to evaluate 

the impact of heart disease in relation to hand grip strength among individuals 

with and without COPD. 

Paper II 

The objective of this population-based study was to investigate if: 1) hand grip 

strength is associated to fatigue, and specifically clinically relevant fatigue, among 

individuals with and without COPD; 2) hand grip strength is associated to low 

physical activity among individuals with and without COPD; and 3) hand grip 

strength is associated to fatigue among individuals with and without COPD, 

independent of physical activity level. 

Paper III 

The aim of this motion laboratory study was to analyze the association between 

hand grip strength with: 1) the muscles acting over the lower limb joints; and 2) 

postural control using CoP-excursions, among community-dwelling older adults 

in a population-based sample. 

Paper IV 

The aims of this motion laboratory study were to compare: 1) postural control; 

and 2) the sensory and motor systems involved in postural control, between 

individuals with and without COPD. A further aim was to 3) investigate the 

associations between reduced postural control and function of the sensory and 

motor systems in individuals with and without COPD. 
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Figure 2. Map of Norrbotten county. 
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Methods 

This thesis includes both epidemiological and motion laboratory studies. The 

combination of two different methods has the ability to provide population-based 

data on physical function limitations, as well as precise objective information 

regarding postural control limitations and muscle strength, among individuals 

with and without COPD. This thesis is not only a combination of two methods; 

it is also a combination of research projects and organizations. Paper I and II are 

based on the epidemiological OLIN COPD study. Paper III and IV are from the 

Luleå University of Technology based BAHRT-study, whereof one paper (paper 

IV) includes participants recruited from the OLIN COPD study. A short 

introduction of these two research projects will follow, thereafter a detailed 

description of the specific methods used in this thesis. An overview of all of the 

four studies is presented in table 2. 

The OLIN studies  

The Obstructive Lung disease In Northern Sweden (OLIN) studies was founded 

in 1985 and is an ongoing epidemiological research program situated in 

Norrbotten county. Over 60.000 individuals, spanning from schoolchildren to 

elderly, have participated in postal questionnaire surveys whereof random and 

stratified samples have been invited to clinical examinations. The OLIN studies 

include four different lines of research: 1. Asthma and allergy among adults, 2. 

Asthma and allergy among children, 3. COPD, and 4. Health economics. So far, 

there are over 200 original publications from the OLIN-studies and the 21st 

thesis was defended in June 2019. Further, the OLIN-studies include a national 

as well as a global network, with researchers from universities from Sweden, the 

Nordic countries and other European countries as well as U.S.A, Australia, New 

Zeeland and Vietnam.  

Data based on the longitudinal OLIN COPD study, a part of the COPD research 

program, have so far resulted in over 27 original publications and three PhD-

theses, and besides the current and fourth thesis, the fifth thesis is planned to be 

defended during 2019.  

The BAHRT-study 

The Balancing Human and Robot (BAHRT) study started in 2015, and is a co-

operation between researchers from the department of Health Sciences (HLV) 

and the department of Computer Science, Electrical and Space Engineering 

(SRT) at Luleå University of Technology. The project’s title is ‘New 

Understanding of Motor Control and Falls by Novel Postural Sway Analysis, 
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Robotics and Mathematical Modeling’. The main objective of the “Human”-

part of the project is to gain further knowledge regarding interactions between 

balance control, sensory and motor functions and fall-related concern among 

older people in the general population. This is undertaken by researching the 

epidemiology and variances of fall-related concern and physical functioning 

amongst older people as well as assessing postural sway and control mechanisms 

in static and dynamic tests. So far, 5 journal publications and conference papers 

have been produced in the BAHRT project, whereof 2 from HLV and 3 in 

collaboration between HLV and SRT. 

Study design 

Paper I & II 

The OLIN COPD study is a prospective longitudinal population-based case-

referent study.129 All individuals with airway obstruction, FEV1/(best of Slow 

Vital Capacity (SVC) or FVC) (VC) <0.70 (n=993), were identified after re-

examination of around 4,200 participants from four population-based adult 

cohorts during 2002-2004, along with a sex- and age matched reference group 

without obstructive lung function impairment. The study sample (n=1986; 902 

women, 1084 men) has during 2005-2019 been invited to recurrent clinical 

examinations with a basic program including spirometry and a structured 

interview.129 In addition to the basic program, different sub-studies have been 

added different years, for example fatigue (2007, 2014) and physical activity 

(2008, 2014). Both in Paper I and II, the outcomes were compared between 

individuals with and without COPD.  

Paper I was a cross-sectional study, based on the clinical examinations during 

2009 and 2010 where HGS was added to the basic program. Measurements of 

HGS were introduced half-way during the examinations in 2009, and 

participants that did not measure grip strength during 2009, did so during 2010. 

Therefore, data for Paper I is divided in two clinical examination years. Paper II 

was a cross-sectional study based on the examinations during 2014 where HGS, 

as well as self-completed questionnaires regarding fatigue and physical activity 

were  added to the basic program.
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Paper III & IV 

The BAHRT study is a population-based study of randomly selected 

community-dwelling individuals over 70 years of age from the municipality of 

Luleå. The individuals (n=424) were invited to participate in examinations in 

their homes including a structured interview as well as various instruments for 

measuring both physical and mental aspects of postural control. Further, a 

selected group were invited to participate in motion laboratory studies in the 

Human Health and Performance Lab – Movement Science, consisting of specific 

assessments of postural control and the sensory and motor systems that are 

involved in postural control. Paper III was a cross-sectional, motion laboratory 

study, where associations between HGS, lower limb strength and postural control 

was assessed. Paper IV was also a cross sectional, motion laboratory study, 

comparing postural control and the involved sensory and motor systems between 

individuals with and without COPD. 

Study participants 

A flow chart of the participants included in this thesis is presented in figure 3. 

Paper I & II  

Paper I and II includes participants from the recurrent clinical examinations in 

the OLIN COPD study (Figure 3). Paper I includes participants (n=1011) from 

2009 or 2010, i.e. all individuals that measured HGS in year 2009 or 2010. Paper 

II includes participants (n=831) from 2014 with complete data on HGS, fatigue 

or physical activity.  

Paper III & IV 

In the BAHRT study, the study sample were selected from the Swedish 

Population Register (Statens Personadressregister, SPAR) (Figure 3). After 

excluding those living in sheltered accommodations, and those without 

telephone numbers, an invitation letter including a description of the study was 

sent to 424 individuals. Of these, 153 accepted and participated in examinations 

during home visits. During this visit, the individuals were also recruited to 

participate in a motion laboratory study at the Human Health and Performance 

Lab. This study had the additional inclusion criteria of: adequate vision to read 

100 pt large block letters, able to stand unassisted for 30 s and able to understand 

and process simple instruction. From the original sample of 153, 45 accepted and 

constitutes the study sample for Paper III. 
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For Paper IV, individuals with COPD were recruited from the OLIN COPD 

study,129 more specifically the participants in the clinical examinations in 2014 or 

2015. They were eligible for inclusion if they fulfilled the spirometric criteria for 

COPD according to GOLD1 (post-bronchodilator FEV1/VC <0.70) as well as if 

they had a FEV1 percent of predicted under 80% (GOLD 2), were aged 68 or 

older, and lived in the municipalities of Luleå, Piteå or Boden (n=101). These 

individuals were contacted by telephone and were informed of the study, and 

thereafter invited to participate. The study consisted of two parts, firstly; a home 

visit where data from a structured interview and functional tests was collected 

and secondly; a motion laboratory study where data from posturography and 

sensory and motor systems assessments were collected (Figure 3). In addition to 

the COPD group from the OLIN studies (n=20), a reference group without 

airway obstruction (FEV1/VC ≥0.70) was included from the BAHRT study 

(n=45). Seven participants had airway obstruction, but did not perform a post-

bronchodilator spirometry test, and was thus excluded. Two participants fulfilled 

the spirometric criteria for COPD (post-bronchodilator FEV1/VC <0.70), and 

were thus included in the COPD-group (thereby, n=22 in total). In total, Paper 

IV included 22 individuals with COPD and 34 without. 

Data collection 

Spirometry 

For Paper I and II, the spirometry was performed using a dry volume spirometer, 

the Vicatest 5 (Mijnhardt, Netherlands), and for Paper IV, the EasyOne 

ultrasonic flow spirometer (NDD, Switzerland) (Figure 4). For all papers, the 

spirometry was performed according to standards set by European Respiratory 

Society/American Thoracic Society, but with a repeatability criterion of ≤5% for 

Paper I and II130 and 150 ml for Paper IV.131 Reversibility testing was performed 

if FEV1/VC <0.70 or FEV1 <80% of predicted. Further, non-COPD was 

defined as FEV1/VC ≥ 0.70.  

In Paper I and II, COPD was defined as FEV1/VC <0.70, using the highest 

value pre- or post bronchodilatation. Severity-grading was based on FEV1 % of 

predicted value according to the GOLD document; GOLD 1-4.1 Reversibility 

testing was performed after 4x0.2mg of Salbutamol. For Paper IV, COPD was 

defined as FEV1/(best of SVC or FVC) <0.70, and FEV1 % of predicted <80% 

(GOLD 2), using the highest value pre- or post-bronchodilation. Severity-

grading was based on FEV1 % of predicted value. Reversibility testing was 

performed after using 2x0.2mg Salbutamol. The OLIN reference values were 

used in all papers including spirometry; I, II and IV.132 
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Structured interview 

The structured interview for the OLIN-based Paper I and II included questions 

on respiratory symptoms, developed from the British Medical Research Council 

questionnaire,133 and additional questions regarding smoking habits, respiratory 

diseases and co-morbidities such as heart diseases.129 The questionnaire have been 

validated and used in several national and international studies.3,6,134-138 In Paper I 

and II, heart disease was defined as a history of at least one of self-reported; 

angina pectoris, myocardial infarction, heart failure, Coronary Artery Bypass or 

Percutaneous Coronary Intervention procedure.  

In Paper III and IV, a different structured interview was conducted, consisting of 

questions regarding number of prescribed medications, self-rated and age-

comparative health (better, the same or worse in comparison to other people of 

their age) and fall history during last six months.139 A selected number of 

questions from the structured interview in Paper I and II on respiratory diseases, 

respiratory symptoms and smoking habits were used in Paper III and IV as well. 

Cardiovascular disease was defined as at least one of self-reported; coronary heart 

disease, congestive heart failure or stroke. 

Figure 4. The two different spirometers used in this thesis; EasyOne (left) and Mijnhart Vicatest 5 (right). 
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In Paper I, II and IV, the modified Medical Research Council (mMRC)-scale 0-

4, for assessment of dyspnea was included.140 Further, any respiratory symptom 

was defined as at least one of persistent cough, productive cough, recurrent 

wheeze or dyspnea (mMRC ≥2). Smoking habits were divided into non-

smokers, ex-smokers (stopped since at least 12 months) and smokers.  

In all papers, Body Mass Index (BMI) was calculated as weight/height2 (kg/m2) 

and for Paper I and II classified into four groups; underweight<18.5, normal 

weight 18.5-24.9, overweight 25-29.9 and obesity ≥30 according to the World 

Health Organization.141  

Fatigue  

In Paper II and IV, fatigue was assessed with the Swedish version of the 

Functional Assessment of Chronic Therapy-Fatigue (FACIT-Fatigue),142,143 a 

validated and symptom-specific questionnaire. The scale has 13 items and 

measures the intensity of fatigue and its impact on daily life during the last week, 

with a higher score (0-52) indicating less fatigue. Clinically relevant fatigue 

(CRF) was defined as a FACIT-Fatigue score of ≤43.14,142 

Physical activity 

Physical activity was assessed in Paper II and IV using the Swedish version of the 

International Physical Activity Questionnaire (IPAQ) short form modified for the 

elderly,144 previously used in COPD research.45,145 The total time in physical 

activity is weighted by a metabolic equivalent of task, MET (1 MET = resting 

metabolic rate, 3.5 ml O2 ∙kg1∙min1), resulting in a body weight-adjusted 

activity estimate, expressed as MET-minutes/week (min/w). For Paper II, 

physical activity was first categorized into three levels: low, moderate and high, 

based on reported time of walking, moderate and/or vigorous activity, in 

combination with a weighted factor for the different activities.146 Further, 

physical activity level was also dichotomized in low physical activity or 

moderate/high. In Paper IV, physical activity was categorized in two levels, low 

activity or moderate/high only. Low activity was in both occasions defined as not 

meeting the recommended minimum physical activity level defined as at least 30 

min of moderate physical activity five days of the week.147,148 

Muscle strength 

Hand grip strength  

In Paper I and II, maximum isometric HGS was measured by the Jamar 

(Sammons Preston Rolyan, USA) hand-grip dynamometer, in kilogram (kg). In 
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Paper III and IV, the E-LINK (Biometrics, UK) hand-grip dynamometer was 

used, which measures in force (N) (Figure 5). Participants were instructed to sit 

down with their upper arm along the trunk and the elbow flexed in an angle of 

90 degrees, and the dynamometer held with the hand in a neutral position. Three 

attempts were performed with each hand. In Paper I and II, the maximum value 

of left or right hand was used, and in Paper III and IV, the maximum value of 

both hands was used. All measurements of muscle strength were performed with 

a standardized encouragement from the test leader. 

Two different meta-analyzes provided reference values for grip strength in the 

general population, by sex, for Paper I (mean and 95% confidence intervals), one 

for adults up to 75 years of age,63 and the other for those over 75 years.149  

For Paper III and IV, force data was normalized to body weight (force/body 

weight0.67).150 

 

Figure 5. The hand grip dynamometers used in this thesis; the E-LINK (left) and Jamar (right) 

 

Lower limb strength 

Maximum isometric strength of muscles in lower limb were for Paper III and IV 

measured with a Biodex system 3 (Biodex, USA), which measured the maximum 

torque (Nm) generated by muscles around the hip joint, knee joint and ankle 
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joint in a fixed position (Figure 6). Extension of the hip was measured laying 

down in a prone position on a treatment bench with the knee joint at a 90 

degree angle and the dynamometer placed just proximal of the femur 

epicondyles. Abduction of the hip was measured laying down on the side on a 

treatment bench with the upper leg in a neutral position and the dynamometer 

placed just proximal of the epicondyles.  Flexion and extension of the knee joint 

was measured in a seated position with the seatback tilted at 85 degrees, with the 

knee joint at a 30 degrees flexion and the dynamometer placed just proximal of 

the malleolus. Flexion and extension of the ankle joint was measured in a seated 

position with the seatback tilted at 55 degrees, with a limb-support pad placed 

under distal femur. The tibia/fibula was parallel to the floor, and the foot 

strapped to the dynamometer in a neutral position. Three attempts were 

performed with each muscle group, and the highest value of both left and right 

leg was used for analysis in Paper III; and left leg only in Paper IV. For both 

Paper III and IV, torque data was normalized to body weight (torque/body 

weight1).150 

 

Figure 6. The Biodex system 3, used to measure lower limb strength as well as joint position sense 
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Postural control and underlying systems 

In Paper III and IV, a Kistler force plate (Kistler, Switzerland) measured CoP in 

quiet stance during four different trials: stable firm surface with eyes open (SEO), 

stable firm surface with eyes closed (SEC), unstable soft surface with eyes open 

(UEO), and unstable soft surface with eyes closed (UEC) (Figure 7). The trial 

started when the participant was standing quiet on the force plate and the 

following 30 seconds was used for data calculations. A 6 cm thick balance-pad 

(AIREX, Switzerland) was used as a soft surface, and was placed on the force 

plate. The distance between the feet, measured from the first metatarsal heads, 

was equal to 75% of the width between the anterior superior iliac spines. 

Rotational angle of the foot was self-chosen. Instructions were to stand up 

straight, look at a dot on the wall (8 m away, 1.75 m height from floor) and stand 

as still as possible. For the trials with eyes closed, the participants were instructed 

to first look at the dot on the wall and then close their eyes when ready. CoP 

was also measured during limits of stability (LoS)-test by asking the participant to 

lean as far as possible in the anteroposterior (AP) and mediolateral (ML) 

directions with eyes open on stable firm surface without moving their feet, nor 

lifting toes or heels, during one minute. 

 

The force plate generated 16 signals at 3000 Hz from which the CoP trajectories 

were derived. Thereafter a low-pass 4th order Butterworth filter with a cut-off at 

10 Hz (using 1 bidirectional pass as smoother) was used with MATLAB R2017a 

(MathWorks®, USA) to apply and extract several classical variables. These 

variables describes the participant’s CoP-excursions during the four quiet stance 

trials: maximum AP and ML amplitude (max AP & max ML), mean velocity 

(mvel) (Paper III only), and a 95% confidence ellipse of the total CoP signal 

(Area) (Paper III only). A principal component analysis of the data points was 

Figure 7. A participant standing on the Kistler force plate on stable firm surface(left) and unstable soft 

surface (right)  
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used to estimate the angle of the ellipse, and thereafter an ellipse was drawn 

consisting of 95% of all data points of the CoP trajectory. The maximum AP and 

ML amplitude measurements for the LoS test was also extracted (AP LoS & ML 

LoS). All CoP data was normalized to height (CoP variable/body height) before 

analysis.  

Sensory systems 

Bi-ocular visual acuity was screened with an NFD vision chart (Figure 8) with 

scores ranging from 0.1 to 2.0 with higher score indicating better visual acuity. 

Vestibular function was tested with Frenzel glasses (Figure 9), where the 

occurrence of positive nystagmus was investigated in left to right head rotations 

at different levels of passivity and speed as well as glancing left, right, up, and 

down with head in neutral position. The assessment was judged dichotomous as 

either negative or positive.  

Assessment of somatosensory systems included tests of tactile input and 

proprioception of lower extremity. Pressure sensibility around the ankles was 

assessed by using monofilaments of different stiffness perpendicular to the skin on 

the lateral malleoli (increments: 0.4, 2, 4, 10, 300 g) (Figure 10). Each 

monofilament – starting with the lightest – was tested 3 times on each malleolus 

until the participant felt the touch of the filament, lower values indicated better 

pressure sensibility. Proprioception was assessed with active joint position sense 

test of the knee and the foot with the use of Biodex System 3. The knee 

repositioning was performed at 30° flexion from 90° and the ankle was 

repositioned to 5° dorsal flexion from 20° plantar flexion. The absolute error 

Figure 9. Frenzel glasses Figure 8. NFD vision chart 
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(AE) mean of three trials was used for analyzes, lower AE indicated better 

proprioception.  

Reaction time 

Participants performed a custom made reaction time test on the laboratory 

computer. At random time intervals (between 5 and 10 seconds), both a visual 

and audio cue was produced at which the participant were instructed to push a 

button as fast as possible. The average of five attempts was used and smaller score 

indicated better reaction time. 

Lower extremity function 

Lower extremity function was for Paper III and IV assessed with the Short 

Physical Performance Battery (SPPB), consisting of three domains; balance, 

walking and chair stands.151 The total score was used for Paper III, and total score 

as well as the different sub-scores for Paper IV.  

Statistics  

Statistical analyzes regarding basic characteristics for all four papers and 

comparisons between groups for Paper I, II and IV were performed with 

Statistical Package for the Social Sciences, Version 22-25 (IBM Corporation, 

USA). P-values<0.05 were considered statistically significant. The Students T-

test was utilized to compare mean values between groups. The non-parametric 

Mann-Whitney u-test was used for non-normally distributed data. Differences in 

proportions between groups were analyzed with the Chi-2 test.  

Figure 10. Testing pressure sensibility on the 

lateral malleoli.  



 

42 

 

Paper I & II 

For Paper I and II, a low frequency of individuals in GOLD 3 and 4 prompted a 

merge into GOLD 3-4. Both paper analyzed associations between HGS and 

other outcomes with multiple linear regression models, where the beta-

coefficient was considered significant when CI ≠ 0. 

In Paper I, to analyze HGS in relation to reference values, the proportion below 

the mean reference value was compared between those with and without COPD 

as well as the proportion below the 95% confidence interval of the mean, using 

chi-squared test. Multiple linear regression analyzes of the association between 

HGS and heart disease and FEV1% of predicted were performed separately 

among individuals with and without COPD. The regression analyzes were 

performed with HGS as dependent variable and the models were either stratified 

by sex or adjusted for sex. 

In Paper II, all analyzes were stratified by sex. The relationships between HGS, 

fatigue and physical activity among individuals with respectively without COPD 

were analyzed by multiple linear regression in three different models including 

fatigue, low physical activity, or both fatigue and low physical activity. All 

models were adjusted for age, height and smoking habits as covariates. 

Paper III & IV 

In Paper III and IV, the relationships between HGS, lower limb strength and 

postural control (Paper III) as well as postural control to sensory and motor 

systems (Paper IV) were analyzed with an orthogonal projection to latent 

structures (OPLS) regression model with SIMCA version 14-15 (Umetrics AB, 

Sweden). This method provides ability to analyze two or more outcomes (Y), 

and in the case for Paper III, the model have both left HGS and right HGS as 

two separate outcomes in one model.152 The OPLS removes the non-correlated 

systematic variation in the independent variables, improving the interpretation of 

the model. The model produces the percent of variation of the X-variables that 

are associated with the Y-variables (R2Y) and how well the model predicts new 

data (Q2). The importance of the different explanatory variables (X) for the 

models in Paper III were analyzed with a variable importance for the projection 

(VIP) plot, this plot summarizes the importance of the variables to the OPLS-

model, to both explain X as well as correlate to Y. A VIP-score >1 and a 95 % 

confidence interval (CI) ≥ 0.5 was considered significant. In both Paper III and 

IV, the relationship between each of the X-variables to the Y-variables were 

investigated by a regression coefficient plot, expressing how strongly Y is 

correlated to the systemic part of the X-variables. The coefficient plot also 
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illustrates if the correlation is positive or negative. The coefficient was considered 

significant when CI ≠ 0. 

In Paper III, two separate models were constructed to investigate the association 

between: I) lower limb strength (X) and left and right HGS (Y); II) 

posturographic measures (X) and left and right HGS (Y). Besides lower limb 

strength and postural control variables, the participants’ age was included as a 

variable in both models Further, permutation tests were performed to test the 

validity of the OPLS-models.152 

In Paper IV, two separate regression models were constructed with the postural 

control variables that were significantly different between the groups. The 

postural control variables, in this case ML UEO as well as AP LoS, was used as 

Y-variables, and the sensory and motor variables as well as age, sex, pack-years 

and FEV1 % of predicted as X-variables, stratified by COPD or non-COPD. 

Further, all comparisons between the COPD and control group regarding muscle 

strength and postural control were adjusted for age and sex, using a univariate 

regression model (ANCOVA-analysis). 
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Ethical considerations 

All included articles in this study have been approved by the Regional Ethical 

Review Board; Paper I & II: 04-045M with addition of measurements of HGS, 

fatigue and physical activity 2016-529-32M & 2017-313-32M. Paper III: 

2015/182-31, and Paper IV: 2017-313-32M. All studies have been performed in 

accordance with the Declaration of Helsinki.153 

Written informed consent was collected from all participants after both oral and 

written information. They were informed on study aim, potential harm or 

benefits to participate, information about how their data would be stored and 

that it would be handled with confidentiality. All participants were informed that 

they at any time could withdraw from participation. In all studies, the participants 

were given an ID-code so that the data would be de-identified, and the data files 

used for analysis included this ID-code only. None of the included results can be 

traced to a specific participant. 

Participants received information about lung function in relation to previous 

results in Paper I, II and IV. In epidemiological studies, individuals with 

unknown diseases might be identified and information regarding previously 

undiagnosed diseases may be inconvenient. The benefits of an early diagnosis or 

detection of potential diseases is expected to overweight the possible harm. If 

potential diseases or health-related problems have been identified, the individuals 

have been informed and referred to their regular health care institution or other 

adequate health care provider for further assessment. 

In the motion laboratory studies, the included assessments were chosen with an 

elderly population in mind and the risk of harm was minimal. Two licensed 

physiotherapists with experience of testing older adults in identical or similar 

situations were present at all times during the data collection in the laboratory. 

To reduce the risks of tests, we excluded individuals with indications of impaired 

cognitive function, inability to stand unassisted as well as poor eye sight. Since 

the laboratory visit spanned from three to four hours, a break with refreshments 

was added to the protocol, and additional rest pauses was added if needed. 

Eventual incidents where the participants fell, or was harmed in some other way, 

was planned to be noted in a separate project journal. However, no such incident 

occurred.  
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Results 

Epidemiological studies of hand grip strength in COPD  

Papers I and II include data from the longitudinal OLIN COPD study from the 

clinical examinations in 2009-10 and 2014, respectively (Table 2).  

Paper I 

Basic characteristics of the participants in paper I are presented in table 3.  

 

Table 3. Basic characteristics of participants in Paper I (clinical examinations in 2009) including 

comparisons between individuals with and without COPD among women and men, respectively. 

 Women Men 

Characteristic 

Non-COPD 

n=255 

COPD 

n=195 
p-value 

Non-COPD 

n=315 

COPD 

n=246 
p-value 

Age, years, mean (SD) 67.8 (10.3) 69.5 (9.7) 0.074 67.8 (10.2) 68.3 (9.0) 0.616 

Smoker, n (%) 26 (10.2) 40 (20.6)  22 (7.0) 62 (25.2)  

Ex smoker, n (%) 93 (36.5) 82 (42.1)  154 (48.9) 135 (54.9)  

Non smoker, n (%) 136 (53.3) 73 (20.9) 0.001 139 (44.1) 49 (20.0) <0.001 

Height, cm, mean (SD) 160 (7) 161 (6) 0.602 174 (8) 175 (7) 0.127 

BMI, kg/m2, mean (SD) 27.9 (4.7) 26.7 (4.5) 0.007 27.6 (3.7) 27.1 (3.9) 0.141 

FEV1 % pred, mean (SD) 97 (14) 80 (17) <0.001 94 (13) 75 (16) <0.001 

Any respiratory symptoms, n (%) 125 (49.0) 131 (67.2) <0.001 162 (51.4) 183 (74.4) <0.001 

Heart disease, n (%) 32 (12.5) 31 (15.9) 0.343 65 (20.6) 46 (18.7) 0.490 

Hand grip strength, kg (SD) 26.9 (6.7) 25.8 (5.9) 0.053 46.3 (10.5) 45.9 (9.9) 0.676 

Notes: P-values<0.05 in bold. Abbreviations: BMI, Body mass index; FEV1% pred, Forced expiratory volume in 

one second percent of predicted; SD, Standard deviation 
Modified version of the table in Paper I  
 

 

Comparing hand grip strength in COPD and non-COPD 

In 2009-2010, there was no difference in HGS when comparing those with and 

without COPD in analyzes stratified by sex, even though the comparison among 

women was close to significant (p=0.053) (Table 3). The proportion of 

participants below the reference value was similar among the individuals with and 

without COPD in both sexes (women: 40% vs 37.3%, p=0.553; men: 21.1% vs 

17.8%, p=0.316). Corresponding comparisons were also made using the cut-off 

below the 95% CI of the reference values, and the patterns were similar.  

Hand grip strength, COPD severity and Heart disease  

HGS was associated with COPD severity, assessed as FEV1 % of predicted 

divided into GOLD stages, where women (21.4kg) and men (41.5kg) with 
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GOLD 3-4 had significantly lower HGS compared to non-COPD (women: 

26.9kg p=0.001; men: 46.3kg, p=0.038)(Figure 11).  

 

 

 

In a multiple linear regression model including both men and women, lower 

HGS was significantly associated with lower FEV1% of predicted among 

individuals with COPD when adjusted for age, sex, height and heart disease 

(Beta=0.05, 95% CI 0.01–0.09, p=0.020). In corresponding analyzes stratified by 

sex, HGS was associated with FEV1% of predicted value among men (Beta=0.07, 

95% CI 0.01–0.14, p=0.047), but not among women with COPD (Beta=0.02, 

95% CI -0.02–0.07, p=0.290). 

In both sexes, both in COPD and non-COPD, individuals with heart disease had 

significantly lower HGS than those without heart disease. However, in the 

multiple linear regression model adjusting for age, sex, height and FEV1 % of 

predicted, HGS was not associated with heart disease.  

Figure 11. HGS (mean, kg) stratified by sex in individuals with non-COPD and COPD by GOLD grades 
(bars represent 95% CIs). 

Note: *P<0.05 when comparing the individuals with GOLD 3–4 with non-COPD. 
Abbreviations: HGS, hand grip strength; GOLD, Global Initiative for Chronic Obstructive Lung Disease; 
CI, confidence interval. 

From Paper I 



 

47 

 

Paper II 

Basic characteristics of the participants in paper II are presented in table 4. In 

contrary to Paper I, there was a difference in HGS when comparing individuals 

with and without COPD, where the COPD-groups had significantly lower 

strength. 

Table 4. Basic characteristics of participants in Paper II, including comparisons between individuals 

with and without COPD among women and men, respectively. 

Notes: P-values<0.05 in bold. Abbreviations: BMI, Body mass index; FEV1% pred, Forced expiratory volume in 

one second percent of predicted; SD, Standard deviation. 
Modified version of the table in Paper II. 

Hand grip strength, fatigue and physical activity  

Among men, the median FACIT-Fatigue score was lower among those with 

than those without COPD (46 vs 48, p=0.002), and the proportion with 

clinically relevant fatigue (CRF) was higher in COPD than non-COPD (38.2% 

vs 27.5%, p=0.016). Corresponding analyzes among women yielded no 

significant results. Among individuals with COPD, those with CRF had lower 

mean HGS than those without CRF, significantly so among men (COPD−CRF: 

38.6 kg vs COPD−non-CRF: 43.1kg, p=0.001) and close to significant among 

women (COPD−CRF: 21.9kg vs COPD−non-CRF: 23.7kg, p=0.051). Among 

non-COPD, corresponding comparisons revealed no significant results. 

In both sexes, the proportion with low physical activity level was similar among 

those with and without COPD; among women 14.2% and 10.4% (p=0.315), and 

among men 18.5% and 13.6% (p=0.186). HGS was also similar among 

individuals with low physical activity compared to moderate-to-high activity, 

with and without COPD. In a multiple linear regression analysis, HGS was 

associated with FACIT-Fatigue score among men with COPD also when 

adjusted for age, smoking habits, height as well as physical activity level 

(Beta=0.19, 95% CI 0.06–0.32) Among women with COPD, there was no 

significant association (Beta=0.05, 95% CI -0.06–0.15). 

 Women Men 

Characteristic 

Non-COPD 

n=198 

COPD 

n=164 
p-value 

Non-COPD 

n=239 

COPD 

n=217 
p-value 

Age, years, mean (SD) 70.3 (9.8) 72.8 (8.7) 0.011 70.1 (9.0) 71.6 (9.0) 0.083 

Smoker, n (%) 17 (8.6) 29 (17.7)  10 (4.2) 45 (20.5)  

Ex smoker, n (%) 71 (35.9) 75 (45.7)  122 (51.0) 116 (53.5)  

Non smoker, n (%) 110 (55.6) 60 (36.6) <0.001 107 (44.8) 56 (25.8) <0.001 

Height, cm, mean (SD) 160 (7) 160 (7) 0.460 174 (7) 174 (7) 0.425 

BMI, kg/m2, mean (SD) 27.8 (4.7) 26.6 (4.6) 0.015 27.4 (3.73) 26.9 (4.0) 0.111 

FEV1 % pred, mean (SD) 99 (14) 81 (16) <0.001 95 (13) 77 (18) <0.001 

Any respiratory symptoms, n (%) 77  (38.9) 97 (59.1) <0.001 105 (44.9) 147 (67.7) <0.001 

Heart disease, n (%) 18 (9.1) 21 (12.8) 0.225 46 (19.2) 51 (23.5) 0.296 

Hand grip strength, mean (SD)  24.6 (6.8) 22.8 (5.5) 0.008 43.3 (9.6) 41.1 (9.5) 0.013 
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Motion laboratory studies of muscle strength and postural 

control  

Paper III and IV include data from studies at the Human Health and Performance 

Laboratory – Movement Science at Luleå University of Technology (Table 2). 

Paper III 

Basic characteristics of the participants in Paper III are presented in table 5.  

 

Table 5. Basic characteristics of the participants in Paper III. 

 All  
(n=45) 

 Women  
(n=27) 

 Men  
(n=18) 

Characteristic Mean SD  Mean SD  Mean SD 

Age, years  75.5 4.4  76.2 4.8  74.4 3.5 

Height, cm  167 10  161 6  177 6 

BMI, kg/m2 26.1 3.8  26.1 4.5  26.1 2.5 

Number of medications 3.4 2.9  3.6 2.9  3.1 3.0 

 n %  n %  n % 

Health: better than other 29 64.4  16 59.3  13 72.2 

≥ 1 falls past month 9 20  3 11  6 33 

≥ 1 falls past six months 13 29  3 15  9 50 

 Median IQR  Median IQR  Median IQR 

SPPB (0-12) 11 10 – 12  11 10 – 12  11.5 11 – 12 

Strength  Mean SD  Mean SD  Mean SD 

Hand grip (force in N)         

HGS L 279.5 91.5  221.0 42.4  367.3 73.1 

HGS R  293.8 101.5  233.2 40.3  389.9 95.1 

Lower limb (torque in Nm)         

Hip extension, L 47.3 20.1  37.1 12.5  62.6 19.9 

Hip extension, R 51.7 23.1  39.1 12.5  70.6 22.7 

Hip abduction, L 51.2 24.0  37.0 15.3  72.5 18.2 

Hip abduction, R 55.5 25.2  41.9 15.0  75.9 23.7 

Knee extension, L 86.6 29.4  69.1 19.0  112.8 21.6 

Knee extension, R 84.2 30.2  66.2 19.5  111.3 22.0 

Knee flexion, L 67.8 24.8  51.7 11.2  91.9 19.4 

Knee flexion, R 70.5 27.2  53.2 13.8  96.3 21.0 

Ankle dorsal flexion, L 21.8 8.0  18.3 5.6  27.0 8.4 

Ankle dorsal flexion, R 23.5 8.5  19.6 5.3  28.2 8.9 

Ankle plantar flexion, L 85.5 35.6  64.9 21.9  116.4 29.5 

Ankle plantar flexion, R 81.8 32.9  64.0 19.0  108.5 31.4 

Notes: All strength measures are crude. 
Abbreviations: SD, standard deviation; BMI, body mass index; Health: better than other, self-related health score 
of better than others in same age; IQR, Interquartile range: SPPB, Short Physical Performance Battery; HGS, 

hand grip strength 
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Association of hand grip strength and lower limb strength 

Among the community-dwelling older adults (Paper III), a strong and valid 

OPLS-regression model was produced (n=45), and the included variables (lower 

limb strength and age) explained 74.4% (R2Y) of the variance in left and right 

HGS and had a predictive ability of 71.9% (Q2). For comparison, but not 

included in the manuscript, a corresponding regression model for the participants 

with COPD in Paper IV also revealed a strong and valid model. Among 

individuals with COPD (n=22), the included variables (lower limb strength in 

left leg and age) explained 62.2% and had a predictive ability of 56.9%.  

In paper III, all lower limb muscle groups, except for both left and right ankle 

dorsiflexion, were significantly important to the model according to the VIP-plot 

(Figure 12), whereas the participants’ age was not. The significant muscles from 

the VIP-plot, as well as the left and right ankle dorsiflexion, all had significant 

and positive coefficients, indicating a positive correlation between lower limb 

strength and HGS. 

Hand grip strength and postural control 

In a significant, but weak and not valid OPLS-regression model (n=44), the 

postural control variables explained 20.7% (R2Y) of the variance in HGS, and 

had a predictive ability of 13.2% (Q2). When inspecting the different CoP-

Figure 12. Regression model of HGS and lower limb strength: Variable importance for the projections 
(VIP) – plot, with right and left HGS as dependent variables and lower limb strength as independent 

variables. 
Abbreviations: Hip ext, hip extension; Hip abd, hip abduction; Knee ext, knee extension, Knee flx, knee 
flexion; Ankle pla, ankle plantar flexion; Ankle dor, Ankle dorsiflexion; L, left; R, right. 



 

50 

 

variables in a VIP-plot (Figure 13), the variables AP LoS, mvel UEO and max 

ML UEO were the only significant variables of the 18 postural control variables. 

The AP LoS variable had a significant and positive coefficient for both left and 

right HGS in the coefficient analysis, indicating that higher HGS was related to a 

larger amplitude in the anteroposterior direction, i.e better postural control. Five 

out of eight variables where the participants had open eyes (Area SEO, max AP 

SEO, mvel SEO, max ML UEO, mvel UEO) had significant and negative 

coefficients, indicating that a higher grip strength was related to lower measures 

in these CoP-variables, i.e. better postural control.  

Lower limb strength and postural control 

In a separate model, substituting left and right HGS as Y-variables with left and 

right knee extensor strength, the model increases its explanatory R2Y value from 

20.7% to 28.8 %, but the VIP-plot, coefficient-plots as well as the permutation 

test followed the same pattern as for HGS.    

  

Figure 13.  HGS and postural control: Variable importance for the projections (VIP) – plot, with right 

and left HGS as dependent variable and posturographic variables as independent variables. 
Abbreviations: SEO, stable firm surface with eyes open; SEC, stable firm surface with eyes closed; 

UEO, unstable soft surface with eyes open; UEC, unstable soft surface with eyes closed; AP, 
anteroposterior; ML, mediolateral; Area, 95% confidence ellipse of the total center of pressure data; 
mvel, mean velocity; max, maximum amplitude; LoS, limits of stability. 
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Paper IV 

Basic characteristics of the participants in Paper IV are described in table 6. 

 

Table 6. Basic characteristics of participants in Paper IV, including comparisons between individuals 

with and without COPD. 

Characteristic 

Non-COPD 

n=34 

COPD 

n=22 
p-value 

Age, mean (SD) 74.9 (4.0) 74,0 (6.2) 0.527 

Women, n (%) 19 (55.9) 9 (40.9) 0.274 

Smoking habits    

   Non-smoker, n (%) 21 (61.8) 2 (9.1)  

   Ex-smoker, n (%) 12 (35.3) 13 (59.1)  

   Smoker, n (%) 1 (2.9) 7 (31.8) <0.0011 

Pack years, mean (SD) 9.5 (16.2) 25.5 (17.5) 0.001 

Height, cm, mean (SD) 168 (9) 168 (9) 0.759 

BMI, kg/m2, mean (SD) 26.2 (4.0) 27.3 (5.1) 0.392 

FEV1 % pred (SD) 95 (13) 57 (13) <0.001 

Any respiratory symptoms, n (%) 11 (32.4) 19 (86.4) <0.001 

Cardiovascular disease, n (%) 13 (38.2) 7 (31.8) 0.625 

Number of prescribed medications, n (SD) 3.2 (3.0) 3.8 (2.7) 0.467 

Health: better than other, n (%) 20 (58.8) 7 (31.8) 0.084 

≥ 1 falls past month, n (%) 6 (17.6) 4 (18.2) 0.959 

≥ 1 falls past six months, n (%) 8 (23.5) 7 (31.8) 0.494 

Low physical activity, n (%) 4 (11.8) 5 (22.7) 0.275 

SPPB total, median (IQR) 11.0 (11-12) 10.5 (9-11) 0.008 

   Balance, median (IQR) 4.0 (3-4) 4.0 (3-4) 0.684 

   Gait, median (IQR) 4.0 (4-4) 3.0 (3-4) <0.001 

   Chair stand, median (IQR) 4.0 (3-4) 3.5 (3-4) 0.299 

Notes: p-values<0.05 in bold. Those with smoking habits were divided into non-smokers, ex-smokers (stopped 

since at least 12 months), and smokers. “Any respiratory symptom” was defined as at least one of persistent cough, 
productive cough, recurrent wheeze, or dyspnea (modified MRC >2). Cardiovascular disease: at least one of 

coronary heart disease, congestive heart failure or stroke. Health: better than other, self-related health score of 

better than others in same age.  
1Comparing the proportions of all three smoking habit categories with Chi-2 test. 

Abbreviations: BMI, Body mass index; FEV1% pred, Forced expiratory volume in one second percent of 
predicted; IQR, Interquartile Range; SD, Standard deviation; SPPB, Short Physical Performance Battery 

 

Sensory systems and reaction time 

In the test for the vestibular system with the use of Frenzel glasses, the proportion 

with positive nystagmus was higher in the COPD group compared to the non-

COPD group, 31.8% vs 2.9% (p=0.003).The other tests of the sensory systems; 

visual acuity, pressure sensitivity, joint position sense, as well as reaction time, 

yielded no significant differences between the groups.  
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Motor systems – muscular strength 

When testing muscular strength, those with COPD were significantly weaker in 

ankle plantar flexion when compared with the non-COPD group (Table 7), and 

close to significantly weaker in knee extensor strength (p=0.082) while there 

were no significant differences in the other muscle groups.   

Postural control 

Individuals with COPD had larger sway compared to the non-COPD group in 

the ML UEO trial, as well as smaller amplitude in the AP LoS trial (Table 8), 

both indicating worse postural control. The other postural control variables 

yielded no significant differences between the groups. 

 

Table 7. Comparisons of muscle strength between COPD and the non-COPD  

group; mean of adjusted muscle strength during maximum isometric contraction. 
 

Non-COPD 

n=34 

COPD 

n=22 
p-value 

 Mean (SD)  

Hand grip (force in N)   

   HGS Left 16.3 (4.2) 16.1 (4.8) 0.214 

   HGS Right 17.0 (5.0) 17.4 (5.6) 0.541 

    

Lower limb, left side (torque in Nm)    

   Hip extension  0.67 (0.3) 0.62 (0.3) 0.785 

   Hip abduction 0.71 (0.3) 0.70 (0.4) 0.509 

   Knee extension 1.23 (0.3) 1.13 (0.4) 0.082 

   Knee flexion 0.97 (0.3) 0.94 (0.3) 0.247 

   Ankle dorsal flexion 0.31 (0.1) 0.29 (0.1) 0.336 

   Ankle plantar flexion 1.21 (0.4) 0.96 (0.3) 0.001 

Notes: p-values<0.05 in bold. All strength variables are adjusted by body weight. 
Abbreviations: HGS, Hand grip strength; SD, Standard deviation 

 

Table 8. Comparisons of postural control between the COPD and non-COPD groups; mean of 

adjusted maximum amplitudes during static trials, and limits of stability. 

 Maximum ML amplitude Maximum AP amplitude 

 Non-COPD COPD p-value Non-COPD COPD p-value 

Trial Mean (SD)  Mean (SD)  

SEO  0.086 (0.05) 0.101 (0.07) 0.313 0.171 (0.06) 0.225 (0.17) 0.089 

SEC 0.090 (0.05) 0.101 (0.05) 0.441 0.235 (0.18) 0.267 (0.13) 0.459 

UEO 0.172 (0.06) 0.212 (0.06) 0.014 0.313 (0.07) 0.354 (0.10) 0.055 

UEC 0.298 (0.24) 0.359 (0.36) 0.511 0.548 (0.13) 0.587 (0.22) 0.356 

LoS  1.277 (0.37) 1.267 (0.30) 0.734 0.878 (0.14) 0.797 (0.16) 0.019 

Notes: p-values<0.05 in bold. Analyzes are adjusted for age and sex as well as the participant’s height. 
Abbreviations SD, Standard deviation; ML, mediolateral; AP, anteroposterior; SD, standard deviation; SEO, stable 

firm surface with eyes open; SEC, stable firm surface with eyes closed; UEO, unstable soft surface with eyes open; 
UEC, unstable soft surface with eyes closed; LoS, limits of stability. 
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Two different regression models were made with ML UEO and AP LoS as Y-

variables, respectively, stratified by COPD and non-COPD. The ML UEO 

regression model for the COPD group was significant, where the X-variables 

explained 82.2% (R2Y) of the variance of ML UEO and had a predictive ability 

of 39.7% (Q2). In the static UEO trial, worse visual acuity and a larger number of 

pack-years was associated with a larger ML sway (Figure 14). The ML UEO 

regression model for the non-COPD group was not significant, and thus not 

presented.  

The regression model for AP LoS among individuals with COPD was significant, 

but weak and not valid. The X-variables explained 35.9 % (R2Y) of the variance 

of AP LoS and had a predictive ability of merely 8.2% (Q2).  Of the eight 

strength variables, four were significant in the coefficient plot (Figure 15), a 

higher strength was associated with a larger AP LoS, i.e better postural control. 

The model for the individuals without COPD was also significant; the X-

variables explained 73.8% (R2Y) of the variance of AP LoS and predicted 52.2% 

(Q2). A lower age (Beta=-0.21, 95% CI -0.40–-0.01) and higher ankle dorsal 

flexion (Beta=0.26, 95% CI 0.12 –0.40) was associated with a better AP LoS 

amplitude, i.e. better postural control.  

Figure 14. Coefficient plot of the OPLS-regression model with maximum mediolateral amplitude in unstable eyes 

open trial as outcome (max ML UEO), in the COPD group. Variables have been centered and scaled for unit 
variance. Error bars not including zero indicate significant coefficients. 
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Figure 15. Coefficient plot of the OPLS-regression model with maximum anteroposterior amplitude in limits of 

stability test (AP LoS) as outcome, in the COPD group. Variables have been centered and scaled for unit 
variance. Error bars not including zero indicate significant coefficients. 
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Discussion of main results 

The main objective was to increase the knowledge about muscle strength, 

assessed as HGS, and also postural control among individuals with COPD in 

comparison to individuals without COPD. A second objective was to investigate 

the association of HGS with lower limb muscle strength as well as postural 

control. In Paper I, only individuals with severe to very severe COPD had lower 

HGS compared to individuals without COPD. However, in Paper II where the 

study sample had aged five years, HGS was lower in all COPD severities, GOLD 

1-4, when compared to those without COPD. Further, HGS was associated with 

fatigue among individuals with COPD, those with clinically relevant fatigue had 

lower HGS compared to those without. In the motion laboratory studies, there 

was a clear association between HGS and lower limb strength measured with 

multiple muscle groups. There was a very weak association between HGS and 

postural control. Individuals with COPD had impaired postural control 

compared to a reference group without COPD, significantly so in the 

mediolateral direction in quiet stance and anteroposterior limits of stability. 

Among those with COPD, the mediolateral sway amplitude was related to 

impaired eye sight and the total burden of tobacco smoking. Further, weaker 

muscle strength associated with reduced LoS anteroposterior amplitude in the 

COPD group.  

Hand grip strength in COPD and non-COPD 

In 2009-10 (Paper I), HGS was related to COPD severity, those with GOLD 3-

4 had significantly lower mean HGS than non-COPD and lower HGS was 

associated with lower FEV1 % predicted in adjusted analyzes. However, there was 

no significant difference in HGS when comparing non-COPD and COPD in the 

whole group. Interestingly, when the same study sample measured HGS five 

years later (Paper II), there was a difference in mean HGS between non-COPD 

and COPD. Without a direct comparison between the groups over time, the 

differences between these papers are hard to evaluate, but may indicate an altered 

effect of aging among COPD. In line with these results, a longitudinal study with 

one year follow-up, 27 patients with COPD and a mean age of 66 had a 

significant deterioration of HGS, with no observed change in 12 controls in the 

same age.154 Previous studies comparing HGS among individuals with and 

without COPD are contradictory; some have shown similar HGS,35,71,88 while 

others have shown lower HGS in COPD.73,87 These studies were register-based 

and included selected populations of mainly individuals with GOLD 2 or higher, 
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while the participants in the population-based studies of Paper I and II was 

dominated by individuals with mild to moderate COPD, GOLD 1 and 2.  

Since the publication of Paper I, two population-based studies of HGS have been 

published, and in line with the results from Paper I, neither presented significant 

differences in HGS between individuals with COPD and the control groups. In a 

study of 68 individuals with COPD with a mean age of 61, there was no 

difference in HGS compared to an age- and gender matched control group.89 

Noteworthy, there were neither any differences between the groups in sedentary 

behaviour and number of falls during the last year, however, the individuals with 

COPD had a lower gait speed. A larger population-based study based on the 

Korean National Health and Nutrition Examination Survey, 421 individuals with 

COPD with a mean age of 65, had similar HGS compared to controls in age- 

and gender stratified comparisons.90 When adjusting for confounders, HGS was 

even higher in the COPD group compared to the controls. In comparison to 

Paper II where the participants’ mean age was 72, the participants in these two 

population-based studies were younger. There may be differences in the process 

of aging among individuals with and without COPD, the disease is discussed to 

be associated with accelerated aging.155 It is possible that the results from this 

thesis is an indication of an altered aging process and longitudinal studies with 

large study samples is needed to confirm this. 

One important thing to consider is that the minimum clinical important 

difference as well as the minimum detectable change for HGS are approximately 

between 5 and 6.5 kg.156,157 However, these referenced indications represent 

meaningful or relevant changes in HGS over time for a patient during 

rehabilitation of stroke and distal radius fractures, respectively. To my 

knowledge, no study have investigated this in COPD, neither in patients nor in 

population-based studies. Whether the significant differences in HGS (range of 

4.5-5.5 kg) in this thesis are meaningful for the individuals is hard to determine. 

Still, these are results from cross-sectional population-based studies with the aim 

to describe HGS among individuals with and without COPD, not a clinical 

study among patients to investigate optimal rehabilitation. 158 The findings could 

be used in future studies to investigate the consequences or clinical relevance of 

decreased HGS in COPD.  

Impact of fatigue, physical activity and heart disease on  

hand grip strength 

There was an association between HGS and fatigue among individuals with 

COPD and this has not been shown in a population-based setting before; those 
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with clinically relevant fatigue had lower HGS than those without. Our results 

correspond well with previous studies among patients with COPD, where 

quadriceps muscle strength predicted fatigue,75 and shoulder muscle strength was 

highly correlated to fatigue.53 The association between HGS and FACIT-Fatigue 

score as well as CRF were statistically significant, but as previously discussed, it is 

not certain if these findings are clinically important, i.e. meaningful for the 

individuals. Further, since our study was cross-sectional it is impossible to 

determine causality, however, future studies could focus on the longitudinal 

relationship between fatigue and muscle weakness among individuals with 

COPD. Rehabilitation interventions are able to relieve fatigue among patients 

with mainly severe and very severe COPD.159,160 Since fatigue has been shown to 

be prevalent among individuals with moderate COPD (GOLD 2), and even 

among mild COPD (GOLD 1) with respiratory symptoms,14 it would be of value 

to further investigate the longitudinal relationship between fatigue and muscle 

strength and also effects of earlier prevention and rehabilitation interventions.  

In our study, fatigue was associated with HGS among men with COPD, 

independent of low physical activity and other confounders, while corresponding 

analyzes among women yielded no significant results. Women with severe 

COPD suffered more from fatigue than men in one study,161 while another study 

concluded that there were no differences in fatigue, nor in functional limitations 

due to fatigue, when comparing women and men with COPD.162 These 

inconclusive findings are from studies which include selected populations of more 

severe COPD than our study, and further studies are needed to evaluate possible 

differences between men and women. 

Muscle disuse is thought as a major contributor of muscle dysfunction in COPD, 

where physical inactivity reportedly leads to muscle weakness.37 In Paper II, there 

was no association between HGS and self-reported physical activity, neither 

among individuals with nor without COPD. Previous studies have shown 

associations between HGS and physical activity,42 while others have not.163 As 

previously described, the relationship between muscle weakness and inactivity in 

COPD is not straightforward.44 However, longitudinal studies of physical activity 

in relation to changes in muscle strength could provide more information of the 

causal relationship between these factors. Methodological aspects of importance 

regarding the use of self-reported instead of objectively assessed physical activity 

will be discussed later in this thesis, under Discussion of methodology below. 

Patients with heart disease have lower strength in lower extremities than those 

without,164,165 and heart disease have been as associated with low HGS in a 

population based study as well.166 In contrast, in a study of elderly volunteers, 
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those with cardiovascular disease had similar HGS as those without167 and low 

HGS was not associated with cardiovascular events in a population-based 

study.168 In a study of patients with moderate- to severe COPD, impaired heart 

function was associated with lower HGS.87 In this thesis, individuals with self-

reported heart disease had lower HGS compared to those without, in both 

COPD and non-COPD, but the result lost significance when adjusted for age 

and other confounders. This indicates that heart disease is of less importance for 

HGS than disease severity among individuals with COPD. The selection of study 

samples, different definitions of heart disease, and whether adjustments of age was 

performed or not, may contribute to the contradictory results. 

Hand grip strength, lower limb strength and postural control 

Hand grip strength and lower limb strength  

The results from this study showed a clear association between hand grip- and 

lower limb strength among community-dwelling older adults (Paper III), and the 

permutation test (Appendix 1) as well as the high predictive ability (Q2) 

confirmed the validity of the model. Further, the corresponding regression model 

for the participants with COPD, included in this thesis but not in Paper IV, also 

revealed a strong and valid model. This is in line with the previous studies 

showing a strong association between hand grip- and lower limb 

strength.64,65,116,169 Bohannon64 has previously concluded that HGS and knee 

extensor strength seem to reflect a common construct.  Our study further 

reinforces that assumption, since our regression model reveals clear associations 

between hand grip and multiple lower limb muscle groups. All tested muscle 

groups had coefficients that were statistically significantly correlated to HGS, and 

all, except left and right ankle dorsiflexion, were important to the model. This is, 

in turn, in line with a study in which all other tested muscle groups besides hip 

flexion, were associated with HGS in a study sample of 29 older adults living in 

residential care communities.169 Even though one of the tested muscle groups 

were not important for the model in Paper III, the results strengthen the notion 

that a measurement of HGS could be used as a substitute for other more 

complicated or time-consuming measures when estimating general muscle 

strength, at least on group level among community-dwelling older adults. On 

individual level it is of course important to take into account any disease or injury 

that could affect the upper extremity but not the lower, and vice versa. 
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Hand grip strength and postural control 

There was a significant but very weak association between HGS and postural 

control, measured with CoP-excursions in quiet stance and limits of stability 

tests. In contrast to the lower limb strength model, this model was not valid, 

based on the permutation tests (Appendix 2) and the low predictive ability (Q2). 

Thus, generalizations should be done with caution. Nevertheless, a previous 

study of 140 community-dwelling older adults with a mean age of 66 years,114 

found a similar correlation between sway degrees in static postural control with 

eyes open and HGS. In our study, only three of the 18 different postural control 

variables were significantly important to the model, and six had coefficients that 

were significantly correlated to HGS. Anteroposterior LoS was significant in the 

VIP-plot as well as significantly associated with HGS. The trial includes an active 

movement of the CoP, hence, the test is more dynamic than the quiet stance 

trials where the participants were asked to stand as still as possible. Therefore, the 

clear association with muscle strength in the regression model was not 

unexpected. Further, all of the quiet stance CoP-variables that were associated 

with HGS, were tests performed with eyes open. Thus, the association between 

HGS and postural control in this study was mainly when the participants had the 

possibility to adjust their postural control with visual orientation. Orientation is 

one of the main goals of postural control76 involving active control of body 

alignment in relation to gravity, support surfaces as well as internal references and 

the visual environment. Removing the visual information introduced higher 

demands on the other sensory systems. This may have affected the participants’ 

motor actions and reactions when attempting to stand still, and other 

sensorimotor functions than maximum strength were more important.  

We performed a sub-analysis to investigate the quadriceps muscle, since it is 

primarily involved in postural control in contrast to HGS, as well as the most 

commonly assessed muscle in previous studies.112 When exchanging HGS with 

knee extensor strength in the regression models, the association increased slightly, 

from 20.7 to 28.8 %, but the model was still weak and still not valid. 

Interestingly, the pattern of which CoP-variables that were significant was similar 

in both the hand grip- and knee extensor strength models, strengthening the 

value of HGS as a representative measure of general limb muscle strength. In 

accordance to our findings, in a meta-analysis,170 significant but small correlations 

was found between muscle strength and static-, dynamic and functional aspects of 

balance in old adults (≥67 years), concluding that strength and balance is 

independent and task specific. Paillard et al.171 have discussed a cut-off in muscle 

strength for postural control performance, where strength below this cut-off is 

affecting postural control negatively. If an individual’s strength is over this 
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threshold of sufficiency, a further increase in strength will not improve postural 

performance. Lastly, the participants in Paper III had a relatively high score in the 

SPPB-test, indicating a high physical function. It is possible that the results would 

be different if the participants had a lower physical function, and future studies 

could focus on investigating the association between HGS and postural control 

among more frail populations. 

Postural control between non-COPD and COPD 

Postural control 

In our study, individuals with COPD had a larger mediolateral amplitude in the 

UEO trial, in line with a previous study of individuals with severe to very severe 

COPD120 where mediolateral postural control was impaired compared to a 

control group. Our results further showed that the COPD group had a smaller 

LoS amplitude in the anteroposterior direction, i.e. worse postural control. To 

my knowledge, no study has previously investigated this specific test of stability 

limits among individuals with COPD. However, the functional reach test96 

which is similar, have previously been used to detect limitations in individuals 

with COPD and the smaller AP LoS in our study is in accordance with previous 

research.73 Although only two of the ten included postural control variables 

showed statistical differences, there was a clear trend that the COPD group had a 

larger sway amplitude in all of the four quiet stance trials and smaller amplitude in 

limits of stability, indicating worse postural control. The results of this thesis 

further highlights the postural control impairments among individuals with 

COPD, and of even more importance, among individuals with a less severe 

disease compared to previous studies.40 Postural control impairments, and possibly 

an increased risk of falls, is prevalent even in a group of primarily moderate 

COPD. 

Underlying systems of postural control 

Sensory and motor systems 

Among individuals with COPD, there was an indication of a disturbance in the 

vestibular system when using Frenzel glasses to investigate the vestibular-ocular 

reflex.172 The proportion with positive nystagmus was higher in COPD 

compared to in the reference group. There have been speculations that chronic 

hypoxia could affect the vestibular systems in COPD, and a study found 

limitations in the audio-vestibular system among patients with COPD compared 

to a control group.173 The occurrence of positive nystagmus was not significant in 

any of the OPLS-regression models, and probably had no major impact on the 
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observed postural control limitations in the COPD group. Still, we cannot 

exclude vestibular impairment as a contributor to an increased risk of falling 

among individuals with COPD and further research is warranted. In this study, 

no differences was found in reaction time between individuals with and without 

COPD, in accordance with a previous study that found no differences in muscle 

onset during stepping reactions between patients with COPD compared to a 

control group.127 This indicates that individuals with COPD do not have a delay 

of the sensory feedback loop, including the integration of information as well as 

sending an appropriate motor command, by the CNS. 

There were no significant differences in either ankle or knee proprioception 

between the groups, and neither of the variables were significant in the regression 

models. To my knowledge, this was the first study to investigate joint position 

sense among individuals with COPD. However, one study has found that 

individuals with COPD increased their dependence of ankle proprioception and 

decreased the trunk proprioception, compared to references in postural control 

test using muscle vibration.126 Lumbar proprioception was not investigated in our 

study, and would be relevant to include in future research.  

Individuals with COPD had significantly lower muscle strength in ankle plantar 

flexion only, compared to the reference group. However, all tested muscle 

groups were numerically lower in the COPD group except for right HGS. 

Although previous research has reported muscle weakness among individuals 

with COPD compared to references, it is not known how much this contributes 

to impairments of postural control.122,127,174 Recently, a review regarding the role 

of muscle weakness for postural control impairments in COPD was published, 

and the authors concluded that there is an association between muscle strength 

and postural control but that there still is no strong evidence for the causality 

between these factors.175 

Associations between reduced postural control and underlying mechanisms 

The regression model for mediolateral UEO among those with COPD showed 

significant associations with visual acuity and pack-years. Since the trial was on an 

unstable soft surface with eyes open, the association between visual acuity and 

amplitude was expected, i.e. the participants could use their visual system to 

maintain postural control. The findings that total pack-years was significant rather 

than severity of obstruction, was not expected. Smoking is a known risk factor 

for multiple diseases and health outcomes besides COPD,176 and the amount of 

pack-years177,178 has previously been related to neuropathy in COPD. Further, 

tobacco smoke have reportedly an acute effect of the microcirculation of the 

cutaneous blood flow that seems to be worsened among habitual smokers 
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compared to non-smokers.179 It is possible that our results is related to a systemic 

effect caused by tobacco exposure directly. In the regression model for 

mediolateral UEO, we found no association between muscle strength and larger 

sway amplitude. This is in line with a previous study122 where even though 

muscle weakness was found among patients with COPD compared to references, 

there was no association between muscle strength and postural control among 

those with COPD. However, HGS, hip abduction strength as well as knee 

extensor strength were significantly associated to a larger amplitude in 

anteroposterior LoS, i.e. better postural control. The similar model for the 

reference group presented significant associations with age and ankle dorsal 

flexion only.  

In summary, the results show that quiet stance and limits of stability have 

different demands on the sensory and motor systems. ML UEO was associated 

with visual acuity, and AP LoS was associated with muscle strength among 

individuals with COPD. Since AP LoS was associated with muscle strength in 

Paper III as well (assessed as HGS), this thesis indicates that muscle strength is 

more related to more dynamic aspects of postural control compared to the static 

trials. 
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Discussion of methodology  

This thesis combines epidemiological research with motion laboratory analysis. 

This following section will discuss some of the methodological aspects of the 

thesis, related to these two methods. 

Study sample 

The OLIN COPD study is a large population based COPD cohort, with a 

distribution of disease severity, GOLD 1-4, corresponding well to findings of 

other population-based studies.180,181 This increases the external validity of the 

results, i.e., that the results can be generalized to individuals with COPD in the 

population. Even though the population-based COPD-cohort included only a 

few percent of individuals with GOLD 3-4, the statistical power was still large 

enough to demonstrate a lower HGS in this group when compared to individuals 

without COPD. Regarding selection bias, i.e. if the study sample is different than 

the intended population, the difference of participating individuals compared to 

non-participants is of interest. Further, as the mortality since baseline is higher 

among those with COPD,129,182 a healthy survivor effect may have affected the 

results and the observed associations in the current study may be underestimated. 

A publication from the OLIN COPD study compared participants in the 2010 

examinations (same as Paper I) with individuals that had deceased since 

recruitment in 2002-2004. Among the deceased, there was a higher proportion 

of men, they were of older age, and they had a higher prevalence of both COPD 

and heart disease at baseline.183 Regarding the recruitment for Paper IV, a 

relatively small and selected group with moderate to severe COPD from the 

OLIN COPD study participated in the motion laboratory study (Figure 3), and 

hence, this sample is not representative of the general COPD population.   

The participants recruited from the BAHRT study (Paper III and IV), were 

randomly selected among inhabitants of Norrbotten county, and the mean age of 

the study sample corresponded to the population of community-dwelling adults 

over 70 years of age. The sample first participated in home visit examinations 

(n=153), and later, participated in a motion laboratory study (Paper III) (n=45). 

When comparing the study sample in Paper III to all of the individuals from the 

home visit examination, the groups had similar age and physical performance in 

the SPPB.  

In Paper I, II and IV, the study samples were large enough to detect differences 

in some of the variables regarding HGS, fatigue, postural control and underlying 

sensory and motor systems. However, small study samples or subgroups in the 

included papers may have contributed to a lack of statistical power in the 
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analyzes. For example, in Paper IV, there was a trend that the COPD group 

generally had lower strength and reduced postural control when evaluating all of 

the variables. These differences might have been confirmed with a larger sample 

with higher statistical power. 

Structured interview, fatigue, physical activity and spirometry 

The OLIN-based structured interview used in Paper I, II and partly in Paper IV 

have been validated and used in several national and international studies.3,6,134-138 

However, using a structured interview introduces the risk of recall bias, that the 

participants do not accurately remember experiences or events from the past.184 

For instance, heart disease was self-reported and not confirmed by medical 

records. Therefore, there is also lack of information of echocardiography or other 

physiological measures. The questions in the interview investigate 12 months 

back in time, and this extent of time can introduce difficulties for the participants 

to remember correctly. Another example is that the pack-year variable in Paper 

IV was retrospectively collected in the structured interview, hence, with a risk of 

recall bias. 

Well-validated questionnaires were used for the assessment of fatigue143 and 

physical activity.144 Both questionnaires are however self-reported, and to reduce 

recall bias, both are limited to questions regarding seven days back in time. The 

IPAQ questionnaire is well-suited for the assessment of physical activity among 

various populations,144 even though objectively measured physical activity is 

recommended in COPD research.185 When comparing self-reported and 

objectively assessed physical activity, self-reported data is generally higher.186 Men 

reported almost 50% more moderate to vigorous physical activity than women in 

a study comparing IPAQ and objective accelerometer data. However, in the 

same study, in the analyzes of the data collected by accelerometer there were no 

sex differences.187 Still, if this phenomenon was present in our study, we would 

expect an evenly distribution among individuals with and without COPD, and it 

should therefore not affect the comparison between groups. 

A study evaluating the relationship between physical activity and muscle strength 

among healthy adults found no correlation between self-reported physical activity 

and HGS, but a significant correlation between accelerometer data and HGS. 

This might indicate that that different methods of assessing physical activity may 

provide different results.188 There is a possibility that IPAQ is not sensitive 

enough to differentiate between physical activity levels in the context of our 

study. On the other hand, HGS might not be the most appropriate method to 
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measure inactivity-related muscle dysfunction, where lower limb muscle strength 

has a higher prognostic and functional importance.60   

A strength of the thesis is that it uses objectively assessed spirometry for the 

definition of COPD, not self-reported data, since self-reported data will yield a 

low prevalence due to the large under-diagnosis. A limitation is that the fixed 

ratio criterion for airway obstruction may contribute to an over-diagnosis of 

COPD among elderly; the lower limit of normal (LLN) is now recommended 

for the definition of COPD in epidemiological studies.189 However, the OLIN 

COPD study was designed when the first GOLD document was launched and 

the fixed ratio criterion was generally accepted during this time, and still most 

current treatment guidelines are based on the fixed ratio criterion. The severity of 

obstruction (FEV1 % of predicted) was based on local reference values, which 

reflects the population of the study sample. The GOLD classifications of severity 

(GOLD 1-4) were used in this thesis, but since they have arbitrary cut-points for 

the different levels, the continuous FEV1 % of predicted was also included in 

appropriate analyzes. Lastly, two different spirometers were used in this thesis; 

Vicatest (dry volume) in Paper I-II, and EasyOne (ultrasonic flow) in Paper III-

IV. Both spirometers have previously been evaluated, we can assume that the 

spirometers both have high validity and reliability.190-192 To my knowledge, no 

direct comparisons between the spirometers have been published. 

Measuring muscle strength  

The methods and equipment used for assessment of maximum isometric muscle 

strength have previously been tested for validity and reliability; the hand grip 

dynamometers Jamar (Paper I-II)63,193 and E-link (Paper III-IV),194 as well as the 

Biodex system 3 (Paper III-IV).195 Two different hand grip dynamometers were 

used in this thesis, but no comparisons of data were made between them. 

Nevertheless, one study have presented a small but statistical significant difference 

between the Jamar and E-link dynamometers.194 This small difference is not 

assumed to have affected the results. We used the best effort of three attempts per 

hand in the same manners as another population-based study.85 The average of 

the attempts has been used by others,87,88,154 and have reportedly higher test-retest 

reliability.196  However, using the average instead of the maximum introduces a 

risk of underestimating the muscular strength of individuals with COPD which 

may be unable to produce full strength for all three attempts due to muscle 

fatigue.37,60,197 Maximum isometric strength was used in this thesis, both in the 

epidemiological studies as well as the motion laboratory studies. However, since 

the postural control trials in Paper III and IV were performed during at least 30 

seconds, muscle endurance or fatigability would also be of interest. Individuals 
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with COPD have reduced muscle endurance in the quadriceps muscle,198 and 

functional capacity assessed with 6MWT seems to be more related to muscle 

endurance compared to muscle strength.199 The relationship between postural 

control and muscle endurance is yet to be determined,175 and future research 

should investigate this association to further elucidate the possible contributors to 

the increased fall risk among individuals with COPD. Lastly, mediolateral 

postural control has been impaired among patients with COPD. Mediolateral 

postural control might depend more on trunk muscles in comparison to 

anteroposterior control which is more dependent on the muscle of the lower 

limbs. Our findings could be an indication of the argued competition of trunk 

muscle activity between respiration and postural control.120 Trunk muscle 

strength was not measured in this thesis, thus the possible relationship between 

mediolateral amplitude and trunk muscle strength in this sample is unknown. 

Measuring Postural control and sensory systems 

Postural control was assessed with posturography, measuring CoP excursions on a 

force plate during quiet stance, i.e. postural sway99,100 as well as maximal 

amplitude of CoP in the more dynamic LoS test.99,101 In contrast to basic 

performance-based assessments, CoP excursions can provide more detailed 

information about as well as precise measurements of postural control.93 This was 

important for the aims of both Paper III and IV. For Paper III, the many postural 

control variables provided a broad description of the postural sway of the 

participants, including amplitude, area and velocity in quiet stance in four 

different conditions, as well as the amplitude in the limits of stability test. 

Therefore, the association between HGS and different aspects of postural sway 

could be analyzed. Regarding Paper IV, although basic performance-based 

methods might be more suitable for patients with COPD in a clinical 

environment,175 our study had a more mechanistic perspective investigating 

underlying factors that contribute to the impaired postural control. Hence, the 

choice to measure detailed posturograhpic measurements of CoP-excursions.   

A limitation of this study is that postural control was measured in fairly static tasks 

with no movement of the feet. Postural control is generally a dynamic motor 

skill, and if the postural control tests included more dynamic aspects we might 

have found different results in both Paper III and IV. In a review of postural 

control and strength performance in healthy older adults,200 there was an 

association between isometric and dynamic muscle strength, however, static and 

dynamic aspects of postural control might be unrelated. Together, this justifies 

future research to test both strength and postural control, and to include both 

static and dynamic balance tasks. 
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The measurements of postural control as well as underlying sensory and motor 

systems were direct assessments of respective system, which is considered a 

strength of this thesis. Previous studies of the underlying factors of postural 

control limitations among individuals with COPD have not assessed this directly, 

instead, they assessed postural control with components that increases demand on 

the somatosensory, vestibular or visual system.122,127  

Further, the assessments of the visual vestibular and somatosensory systems were 

by screening methods; the data is therefore limited. The vestibular system was 

assessed with Frenzel glasses by the occurrence of positive nystagmus or not. 

Even though positive nystagmus was more common among individuals with 

COPD compared to the reference group in this thesis, a more thorough 

measurement of the vestibular system,172 such as videonystagmography,201 might 

have provided more information regarding its role in postural control 

impairments in this group.  

Statistics 

To reduce the risk of confounding,184 when a factor influences both the 

dependent and independent variable, multivariate regression models were utilized 

in all papers. For example, HGS was lower among individuals with self-reported 

heart disease in Paper I. However, when both heart disease and age were 

included in the regression models, heart disease was not significantly associated 

with lower HGS. Further, the level of physical activity could be assumed to be a 

confounding factor when analyzing the association between HGS and fatigue. 

Therefore, physical activity was included in the regression models as a covariate 

so that the association between HGS and fatigue was independent of physical 

activity level.  

Another strength of this thesis is that the associations in the motion laboratory 

studies (Paper III and IV) is analyzed with an OPLS-regression model. It is a 

regression model that is equipped to handle more than one independent variables 

or outcomes (Y-variables), multiple X-variables, as well as collinearity between 

the X variables. In the regression models in Paper III, it was possible to analyze 

the association between both left and right HGS and several lower limb muscle 

groups in the same model. In the regression model for HGS and postural control, 

firstly, it was possible to present how much the postural control variables 

associates with HGS, secondly, which variables that were important for the 

model. This would not have been possible with a single correlation analysis, or a 

traditional multiple linear regression model. In the models used in Paper IV, the 

association between postural control and the different underlying sensory and 
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motor systems could be analyzed without the issue of collinearity between the X-

variables. For example, FEV1 % of predicted could be assumed to correlate with 

total pack-years. 
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Implications 

One thing that unifies the four included papers is that they all operate on the 

basic-research level, To be able to know what type of care we provide for our 

patients, how we assess possible physical limitations, or what advice we provide 

to the general population, we first and foremost have to have knowledge. This 

thesis provides knowledge, and it is one piece of a massive puzzle of the systemic 

effects of COPD and the content could hopefully be used to find the next piece. 

Individuals with severe to very severe COPD were weaker than the non-COPD 

group, as presented in previous studies. This further implies that the effects of the 

muscle dysfunction in COPD is primarily prevalent in the more advanced disease 

stages. This thesis also implies that there could be factors regarding the aging 

process that are different between COPD and non-COPD. This might be 

important to consider in the clinical examination of older patients with COPD, 

where this thesis indicates that muscle weakness may appear around 70 years of 

age.  

The relationships between HGS, fatigue and physical activity are complex, 

however, each of them is a possible target of rehabilitation intervention.159,202  A 

core component of the management of COPD is Pulmonary rehabilitation, 

which according to the ATS/ERS is defined as “…a comprehensive intervention 

based on a thorough patient assessment followed by patient-tailored therapies, 

which include, but are not limited to, exercise training, education, and behavior 

change, designed to improve the physical and psychological condition of people 

with chronic respiratory disease and to promote the long-term adherence of 

health-enhancing behaviors.”160 The exercise training component seeks to 

improve exercise tolerance by decreasing dyspnea and improving muscle function 

and increasing physical activity, and further, another benefit of pulmonary 

rehabilitation, is that it relieves fatigue among patients with COPD.159,202 The 

findings that fatigue and muscle weakness was associated in a study sample of 

mainly mild and moderate COPD warrants further investigation of the 

longitudinal relationship, together with objectively assessed physical activity. 

From a clinical perspective, this thesis indicates that there may be a large group of 

individuals that potentially would benefit from preventive interventions to 

prevent or postpone fatigue as well as muscle weakness.  

The results from this thesis further demonstrates that HGS is indeed a 

representative measurement for lower limb strength. The benefits of measuring 

HGS instead of one or more muscles of the lower limb, is that it is fairly easy to 

use and instruct. A hand grip dynamometer is light and portable, and feasible to 
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use in both clinical settings and at home visits and can be used as a quick 

measurement for general strength among older adults.64,65,78,115,116 The 

implications of this study is however not applicable in situations where muscles 

or muscle groups in the lower limb should be investigated in rehabilitation 

purposes regarding specific injuries, or for medical conditions. For physical 

assessments involving postural control, this study as well as others presented in a 

meta-analysis170 indicates that other measures besides muscle strength alone are 

needed. HGS has a strong association to lower limb strength, and a low muscle 

strength is related to impairments of postural control, however, these latter 

associations are very weak, at least in this group with relatively good physical 

functioning. A measurement of HGS is not appropriate to use as an estimation of 

postural control among older adults. Postural control, or balance, is commonly 

measured with basic performance-based tests in the clinic. However, new 

possibilities for posturographic measurements are available, for example, the low-

cost Wii Balance Board (Nintendo co, Japan) have been used for objective 

assessment both for research and clinical work.203  

Postural control was impaired among individuals with COPD, and the results 

indicate there are several mechanisms contributing to the limitations. Larger 

studies including more detailed assessments of the affected sensory and motor 

systems are warranted to yield understanding of preventive measures towards the 

detrimental increased risk of falling among individuals with COPD. However, 

this thesis implies that the quiet stance trials and limits of stability test have 

different demands of the postural control system, where the latter is more related 

to muscular strength, demonstrated in both Paper III and IV. Postural control 

training as part of inpatient pulmonary rehabilitation among individuals with 

COPD have previously been effective for improving basic performance-based 

assessments of postural control and lower limb strength.204 The program was 

conducted for six weeks with three training sessions of postural control per week, 

with stance, transition, gait and functional strength exercises. Future research 

could focus on the evaluation of a similar or less extensive intervention program 

among outpatients but with posturographic measurements instead.  
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Conclusions 

- Individuals with severe and very severe COPD have lower hand grip 

strength compared to individuals without COPD. There might be a 

difference in the aging process among individuals with COPD compared 

to those without, since there was no difference in hand grip strength when 

comparing COPD and non-COPD in Paper I, but there was five years 

later in Paper II. This warrants future studies of the longitudinal aspects of 

hand grip strength in COPD. 

- Lower hand grip strength is associated with increased fatigue among 

individuals with COPD, especially among men. This is important to 

consider in a clinical setting among individuals with COPD with fatigue or 

skeletal muscle weakness. Hand grip strength is not associated with self-

reported heart disease or physical activity. 

- Hand grip strength is a feasible and valid tool when investigating general 

strength in a population of community-dwelling older adults on group 

level. It is not, however, suitable when assessing postural control; strength 

measurements alone are not sufficient as a substitute for measuring postural 

control, and therefore specific balance tests are necessary. 

- Individuals with COPD have impaired postural control and the results 

indicate that there are several mechanisms contributing to the impairments, 

not only muscle weakness. A higher burden of tobacco exposure, but not 

disease severity, was related to increased mediolateral postural sway, 

indicating that there might be a cumulative effect of smoking on the 

systems responsible for postural control.  
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Future perspectives 

During the course of this thesis, new ideas for future research was generated. 

These are a few of the potential directions ahead: 

- Longitudinal studies of HGS in relation to decline in airflow limitation, 

exacerbations and phenotypes among individuals with COPD.  

- Longitudinal studies of postural control and falls among individuals with 

COPD. 

- Studies of the effects of tobacco exposure on physical function that is not 

related to a decline in airflow limitation. 

- Investigating a critical age or critical disease severity in COPD for when 

muscular weakness or postural control limitations are present. 

- Investigating a potential HGS cut-off for postural impairments. 

- Using other assessment of vestibular function to clarify the findings from 

the screening test used in this thesis. 

- Increasing the COPD study sample in the laboratory studies for further 

investigation of the postural control impairments. 

- Creating an intervention to improve postural control and reduce the risk 

of falls among individuals with COPD, which may include: tailored 

sensory and motor training based on an individual’s functional limitations, 

or preventive interventions to reduce the effects on physical function 

contributable to aging or COPD. 
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Appendix 

Appendix 1. Permutation plot for the  HGS and lower limb strength OPLS-model, where 50 permutations 

of the Y-value were carried out for HGS L and HGS R. All randomly permuted R2 (green) and Q2 (blue) 

values, to the far left in each figure, were lower than its counterpart of the original model, to the far right 

of each figure. The dashed regression line of the Q2-values intersects the vertical Y-axis below zero. Both 

occurrences indicate validity of the model. 

Abbreviations: HGS L, left hand grip strength; HGS R, right hand grip strength. 

Appendix 2. HGS and Postural control:  Permutation plot for the OPLS-model, where 50 permutations of the Y-

value were carried out for HGS L and HGS R. The dashed regression line of the Q2-values intersects the vertical 

Y-axis below zero. However, some randomly permuted R2 (green) and Q2 (blue) values to the far left in each 

figure, were higher than its counterpart of the original model to the far right of each figure, indicating that the 

model is not valid. 

Abbreviations: HGS L, left hand grip strength; HGS R, right hand grip strength. 


