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ABSTRACT                     

   

Guidelines highlight the importance of physical activity (PA) in secondary prevention 

of cardiovascular disease (CVD) within the healthcare sector. Previous studies have 

mainly focused on the effects of PA at moderate-vigorous intensity performed within 

exercise-based cardiac rehabilitation (CR). However, only a minority of patients with 

CVD participate in exercise-based CR, and it is not known to what extent the guidelines 

for PA are implemented in clinical work. This leads to a knowledge gap in PA levels 

among patients with CVD, and the potential association of PA with hospital care utilisa-

tion and all-cause mortality. The overall aim of this thesis was to investigate PA and its 

importance for patients with CVD, and to what extent it is promoted during clinical 

work. The associations between self-rated PA level, changes in self-rated PA level, and 

sedentary time (SED) with hospital care utilisation and all-cause mortality were ex-

plored in three cohort studies (Studies I-III). Data were collected via questionnaires, 

medical records and national registers. Study I explored everyday PA, physical exercise 

and SED among patients with CVD (n=1148) prior to admittance to a cardiac ward at 

two of the hospitals in Stockholm. Studies II and III explored PA (of at least moderate 

intensity) post hospitalisation, and included 30 644 and 22 227 patients with myocardial 

infarction (MI), respectively, from the national SWEDHEART registry. Finally, in 

Study IV, healthcare professionals’ (n=251) stated importance and clinical work to pro-

mote healthy lifestyle habits (alcohol consumption, eating habits, physical activity, and 

smoking) were explored in a cross-sectional study. All healthcare professionals working 

on cardiac departments in two hospitals in Stockholm were included. 

 

The main findings were: 

 

• PA level (everyday PA, physical exercise, total PA level) and SED pre and post hos-

pitalisation for cardiac events were found to be significant predictors of hospital care 

duration, readmission and mortality. The effects of high PA level and low SED did not 

differ between CVD diagnosis, sex, age, or comorbid states such as individuals with and 

without diabetes mellitus type II, kidney dysfunction, hypertension or dyslipidaemia.   
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• There were no differences between individuals reporting a moderate or high level of 

PA or a medium or low level of SED, illustrating that “a little activity is better than 

nothing” and that the greatest health benefits would be achieved by increasing PA 

among the most inactive patients with CVD.  

 

• Changes in PA level during the first year post MI are important. Increased PA low-

ered the risk of mortality, and decreased PA increased the risk of mortality in patients 

post MI.  

 

• Healthcare professionals considered it important to promote lifestyle habits among 

patients within the healthcare sector in general, as well as in their own clinical work. 

However, there was a difference between stated importance and clinical practice as only 

a minority of healthcare professionals asked or provided counselling on healthy lifestyle 

habits. Our results indicated a relationship between promoting patients’ lifestyle habits 

in clinical work, and if they perceived clear organisational routines and objectives. 

 

In conclusion, the results of this thesis have a clinical impact. Firstly, asking patients on 

a cardiac department about their PA level and SED may identify individuals in need of 

behavioural changes. By identifying and supporting individuals who need to increase 

their PA level, clinicians may potentially decrease the utilisation of inpatient care and 

also lower the risk of all-cause mortality among individuals with a CVD diagnosis. Sec-

ondly, this information is of great predictive value, and PA can be seen as an additional 

marker of disease severity.  
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1 INTRODUCTION   

As a physiotherapist meeting patients with cardiovascular diagnoses (CVD), I have al-

ways had great interest in promoting physical activity (PA) among patients within exer-

cise-based cardiac rehabilitation (CR).  

 

There is evidence that participation in exercise-based CR is positively related to de-

creased risk of premature cardiovascular mortality, hospital admission, and higher level 

of health-related quality of life (1). Both among the patients I met and in previous stud-

ies, rehabilitation is usually focused on patients presenting with ischemic heart disease 

(IHD) or heart failure (HF). Therefore, little is known about individuals with other car-

diac problems such as cardiac arrhythmias, valvular heart disorder and inflammatory 

heart diseases. Additionally, not all patients are offered exercise-based CR, and some 

who are offered choose not to participate. Another important aspect is that exploring the 

PA performed within exercise-based CR does not give any information on the patients’ 

total PA behaviour. Kaminsky et al. concluded that patients participating in exercise-

based CR only reached the recommended amount of PA on the days they participated in 

rehabilitation sessions (2). Another study reported that PA levels decrease after the CR 

period had ended (3). This highlights the need to monitor  patients’ total PA level and 

sedentary time (SED) over the whole week, regardless of whether a patient is currently 

participating in exercise-based CR or not. 

 

It is well known that PA levels change during an individual’s lifespan. Major life 

events, such as suffering from chronic disease, may affect the amount of PA a person 

regularly undertakes. This aroused my interest to investigate PA levels at different time 

periods for patients with CVD, i.e. preceding, directly after, and one year after being 

hospitalised for CVD, in order to determine whether associations between PA and mor-

bidity or mortality was continued to be seen. Additionally, by using repeated PA assess-

ments, changes in PA behaviour could be linked to mortality.   

 

Finally, knowing that the majority of patients should be offered exercise-based CR do 

not participate, made me interested in looking at healthcare professionals’ clinical work 

and attitudes toward promoting physical activity.  
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My journey from physiotherapist with an interest in promoting PA among patients with 

IHD or HF, to a researcher has been long, challenging and rewarding. However, the ob-

jective has always been to make a difference for the patients. I hope this thesis will help 

spread the knowledge of the importance of exploring PA behaviour among patients with 

cardiovascular disease in order to predict future morbidity and mortality. By asking all 

patients about their PA, it is possible to provide individualised support for those who 

need to improve their PA level.  
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2 BACKGROUND 

During the last few decades, the development of technology, e.g. accesses to computers 

and television, decreased use of non-motorized transportation as well as fewer occupa-

tions that involve PA, has led to a more sedentary lifestyle (4). This is alarming and the 

World Health Organisation (WHO) rank low PA as the fourth most important risk factor 

globally for all-cause mortality (5). Additionally, regular PA is an important factor in 

primary and secondary prevention of several non-communicable diseases, such as cardi-

ovascular disease (CVD) (6, 7). Therefore, it is important to explore the associations be-

tween PA behaviour and CVD. 

 

2.1 Cardiovascular disease 

CVD is a group of disorders of the heart and blood vessels. CVD type is categorized as 

being due to atherosclerosis (Ischemic heart disease (IHD), cerebrovascular disease and 

disease of the aorta and arteries) or other CVDs (congenital heart disease, rheumatic 

heart disease, cardiomyopathies and cardiac arrhythmias) (8). Atherosclerosis is devel-

oped over many years and is the main cause of CVD. It is a complex process primarily 

affecting the innermost layer of the arterial wall through intimal inflammation, necrosis, 

fibrosis and calcification. This leads to thickening and hardening of the vessels and may 

cause obstruction of the flow or thrombosis (9). 

 

In 2015, more than 85 million individuals across Europe were living with CVD. The in-

cidence was approximately 11.3 million cases, almost equally distributed between men 

(5.4 million) and women (5.8 million). This shows an increase in cases since 1990. The 

increase in absolute number of CVD cases corresponded to an increase in the size of the 

total population, and in the number of elderly in particular (10). When controlling for 

these variables, the rate of CVD cases decreased by 9% and 5% in males and females, 

respectively (11). Despite a decrease in CVD incidence and mortality, the burden of 

CVD events and mortality is still high (8, 11, 12). In Europe, CVD is responsible for 45 

% of all deaths (> 3.9 million deaths a year) (11) and IHD is the leading single cause of 

CVD mortality (8, 11). In Sweden, the adjusted decreasing incidence and mortality 

trend is similar to that of Europe as a whole. Despite this, in 2016, CVD was the most 

common cause of death and comprised 34 % of all mortality cases (13). In addition, the 
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age-standardised rates of disability-adjusted life years (DALY) lost to CVD have de-

creased in Europe over the past 25 years. Nevertheless, in 2015, CVD was still responsi-

ble for 64.7 million DALYs in Europe, and the leading cause of lost DALY (11). 

   

2.2 Risk factors for cardiovascular disease   

CVD is multifactorial and there are several well-known risk factors. A risk factor is any 

exposure of an individual or population that leads to increased risk of developing future 

disease. Catapano et al. define cardiovascular risk as “the likelihood of a person devel-

oping a fatal or a non-fatal atherosclerotic cardiovascular event over a defined period” 

(14).   

 

There have been changes in risk factors of CVD over time. In Europe during the last 

three decades, more than half the reduction in CVD mortality has been attributed to 

changes in risk factor levels in the population (15). This has been primarily attributed to 

the reduction of dyslipidaemia, lower blood pressure levels and a reduced prevalence of 

smoking and hazardous use of alcohol (11). However, this favourable trend is partly 

counterbalanced by an increase in other risk factors, mainly obesity and type 2 diabetes 

mellitus (11). 

 

Many of the risk factors are closely related to each other with direct, indirect and inter-

mediating effect. In addition, there is a cumulative effect of risk factors, meaning that 

adding more risk factors results in a non-proportionate increase in the risk of developing 

future cardiovascular disease. Yusuf et al. concluded that abdominal obesity, abnormal 

lipids, hypertension, diabetes, psychosocial factors, smoking, insufficient PA, hazardous 

use of alcohol and low consumption of fruits and vegetables together contribute to more 

than 90% of the population’s attributable risk of MI worldwide. This was found to be 

true for both sexes and all ages in all regions (16).  

 

There are different methods of sorting risk factors of CVD. In this thesis, the risk factors 

are grouped as: “non-modifiable risk factors”, “socioeconomic status and health-related 

quality of life”, “intermediate risk factors” and “lifestyle habits” (Figure 1).  
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Figure 1. Illustration of cardiovascular risk factors and development of cardiovascular 
morbidity and mortality. 

2.2.1 Non-modifiable risk factors 

With increasing age, the risk of CVD becomes higher (17). This is important to take 

into consideration from a public health perspective since the proportion of people aged 

65 or older will grow rapidly from 2016 to 2070 (10).  

 

There are also sex differences. Men have a less favourable cardiovascular risk profile 

and tend to have an myocardial infarction (MI) earlier in life compared to women (18). 

According to the Swedish Register of Information and Knowledge about Swedish Heart 

Intensive Care Admissions (Riks-HIA), the mean age of patients suffering from MI in 

Sweden in 2017 was 69.2 for men and 74.6 for women (19). Women seem to be pro-

tected by the effect of natural oestrogen prior to menopause. Additionally there are also 

differences in a number of cardiovascular risk factors (see below) (20).  

 

Family history of IHD is defined as occurrence of premature IHD (< 50 years) in a first-

degree relative (parent or sibling) (21). This is a major risk factor for MI, particularly in 

young patients (16, 21). The higher risk among individuals with a family history may be 

due to the sharing of genes, environment and prevalence of traditional risk factors (21, 

22). In patients with, versus without, a family history of IHD, Choi et al. found a higher 

rate of dyslipidaemia (64% vs 53%, respectively) and obesity (46% vs 38%, respec-

tively) (22).  
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In recent years, a large number of gene variants that increase the risk of MI have been 

identified (23, 24). Genetic factors have been associated with CVD independently of 

family history or established risk factors (25). There are several known gene variants as-

sociated with CVD and the effect size differs from large but only affecting a small pop-

ulation, or small but widespread (26).  

 

The global burden of CVD (prevalence of morbidity and mortality) has been found to 

vary (8) and there are differences in cardiovascular risk factors between different ethnic-

ities (27, 28). However, how these differences contribute to variances in the prevalence 

of CVD is not known. In a tri-ethnic community-based cohort from North and West 

London, which included Europeans, South Asians and African Caribbeans, the inci-

dence of IHD could not be explained by differences in risk factors (28). Meanwhile, 

DalCanto et al. stated that cardio-metabolic risk factors in different ethnicities could, in 

part, explain the CVD prevalence (27). Despite the diverse data, Yusuf et al. suggested 

that prevention of IHD can be based on similar principles throughout different ethnici-

ties worldwide (16).  

 

2.2.2 Socioeconomic factors and health-related quality of life 

Socioeconomic status (SES) can be assessed through level of education, family income, 

household possessions and occupation. There is an association between SES and CVD 

risk in high-income countries. Previously, risk factors and CVD morbidity were more 

common in upper socioeconomic groups in high-income countries (8, 29, 30). This has 

changed during the last 50 years, and socioeconomically disadvantaged individuals now 

experience higher rates of CVD and CVD mortality. The inverse association between 

SES and CVD is the result of behavioural and psychosocial risk factors. A large case-

control study including individuals from 52 different countries found the odds ratio 

(OR) for having an MI in individuals with a low education level compared to a high ed-

ucation level, adjusted for age, sex and region, was 1.56 (95% confidence interval 1.47 - 

1.66). This association was also seen in fully adjusted models. There were no, or only 

weak, associations between the risk of MI and other socioeconomic factors, i.e. family 

income, number of possessions and non-professional occupation. (29). Differences in 

modifiable lifestyle factors (smoking, PA level, consumption of vegetables and fruits, 

alcohol use, and abdominal obesity) explained a large part of the socioeconomic gradi-
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ent (29, 31). Other important factors were poorer health-seeking behaviours, having re-

duced access to medical care and social support, higher levels of stress at work and 

greater co-morbidity among lower SES groups (32). 

 

Health-related quality of life (HRQOL) has been considered a relevant risk factor for 

CVD during recent years. Pinheiro et al. followed 22 229 adults with no history of CVD 

up to ten years. Individuals with lower self-rated quality of life were found to have in-

creased hazard ratios (HR) of CVD (1.46; 95% 1.24–1.70) when adjusted for de-

mographics, comorbidities and CVD risk factors (33). Additionally, psychosocial 

stressors (depression, financial stress, low locus of control, major life events, stress at 

work and at home) have been highlighted as important predictors of MI (34).  

2.2.3 Intermediate risk factors 

Diabetes mellitus type II, dyslipidaemia, hypertension and overweight/obesity are well-

known diagnoses both closely associated with, and used to predict the development of 

CVD. They are also closely associated with lifestyle habits that will be further discussed 

in “2.2.4 Lifestyle habits” and “2.3.1 Association of physical activity level and seden-

tary behaviour with cardiovascular risk factors”.   

 

Diabetes mellitus type II is defined as the presence of a high level of fasting glucose. 

High levels of glucose cause damage to blood vessels, increasing the risk of CVD di-

rectly. Over the past 30 years, the prevalence of diabetes mellitus type II has increased 

across Europe. In 2017, 3.8 % of adults in Europe were diagnosed, although there is 

strong evidence that the number of individuals with diabetes is underestimated (11). Di-

abetes mellitus is associated with IHD, HF, hypertension and valvular heart disorder 

(35). Notably, the relative risk of CVD is higher for women with diabetes mellitus type 

II compared to men (20).  

 

Dyslipidaemia is characterized by increased levels of triglycerides, total cholesterol, 

low-density lipoprotein (LDL) and low levels of high-density lipoprotein (HDL) (20). 

During the past 30 years, the prevalence of dyslipidaemia has decreased globally (11, 

36). Abnormal lipids are associated with CVD due to the promotion of arterial plaque 

formation (11).  

 

Hypertension is seen in approximately one third of the adult population worldwide and 

is considered one of the major cardiovascular risk factors (37). Hypertension affects the 

entire cardiovascular system. It accelerates atherosclerosis, reducing the vessel’s ability 
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to dilate and change the myocardial structure due to fibrosis and myocyte hypertrophy 

(38).  

 

Overweight and obesity are associated with other CVD risk factors, e.g. dyslipidaemia, 

high blood glucose and low-grade systemic inflammation. There are different methods 

of assessing overweight/obesity such as body mass index (BMI) and waist circumfer-

ence. BMI is calculated as body weight in kilograms divided by the length in meters 

squared (kg/m2). Obesity is defined as ≥30 kg/m2 (15). However, BMI does not give in-

formation about the distribution of body fat or the relative amounts of fat and muscle, 

which differ by sex and age. During recent years, waist circumference has been more 

commonly used. This is measured in a standing position, midway between the lower rib 

margin and the iliac crest. Abdominal obesity is defined as a high waist circumference > 

88 cm in women and >102 cm in men (15). Individuals who are overweight or obese 

have a higher risk of CVD morbidity and mortality. On the other hand, in individuals 

with established CVD, an inverse relationship between being overweight and having in-

creased CVD risk has been observed. This is referred to as the obesity paradox where a 

poorer prognosis is seen among individuals that are underweight (39).  

2.2.4 Lifestyle habits 

International and national guidelines emphasise the four lifestyle habits of physical ac-

tivity (PA), smoking, eating habits and alcohol consumption as important factors in pro-

moting public health (15, 40). This thesis primarily focuses on PA, but also includes 

hazardous use of alcohol, eating habits and smoking. PA will be further described in 

section “2.3 Physical activity level and sedentary time”.  

 

High levels of alcohol consumption increase the risk of CVD by increasing levels of tri-

glycerides, elevating blood pressure and increasing the risk of atrial arrhythmias and 

cardiomyopathy (41). Europe has the highest alcohol consumption in the world. The 

prevalence of heavy drinkers (≥60 grams of alcohol on at least one occasion during the 

past 30 days) was 47% among men and 14% among women in 2016 (42).  

 

Eating habits are an important modifiable risk factor affecting both cardiovascular risk 

directly, and other risk factors indirectly. High consumption of trans fats and saturated 

fats increase the risk of atherosclerosis. Consumption of sodium increases the risk of 

hypertension. Fish, fruits, vegetables and dietary fibres have a protective effect on coro-

nary outcomes (43). The WHO recommends ≥400 grams of fruit and vegetables a day, 

<5g of salt a day, and a limited intake of dietary sugar and fat. In addition, the WHO 

highlights the importance of balancing total energy intake with energy expenditure (44). 
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According to the Food and Agriculture Organisation of the United Nations, the supply 

of dietary energy and the amount of fat has increased in Europe. In addition, a large 

number of European citizens do not reach the recommended level of daily vegetable and 

fruit consumption. On average, a greater proportion of women than men (56 % vs 44%, 

respectively) reported consuming vegetables at least daily. The consumption of fruit 

was generally higher, 61% of women and 49% of men reported daily consumption (11).  

 

Smoking is a well-know CVD risk factor. It enhances the development of atherosclero-

sis and the formation of thrombus through its effect on endothelial function, oxidative 

processes, platelet function, fibrinolysis, inflammation, modification of lipids and vaso-

motor function (45). There has been an increase in awareness of the negative effects of 

cigarette smoking worldwide leading to a decrease in smokers (46). Still, smoking re-

mains a key public health issue in Europe. In 2015, the prevalence of smoking was 38% 

among men and 17% among women (11). Previous studies have concluded that the risk 

of MI among smokers is higher among women than men. However, men and women 

suffering from MI had the same positive effect of smoking cessation (20, 47) .  

 

2.3 Physical activity level and sedentary time 

2.3.1 Association between physical activity level, sedentary behaviour and 

cardiovascular risk factors  

Regular PA and diet reduces or delays the incidence of type 2 diabetes mellitus in indi-

viduals at high risk (48, 49). However, while regular PA improves glucose uptake and 

insulin sensitivity (50-52), there is no firm evidence that PA alone influences the risk of 

type 2 diabetes mellitus (48). 

 

Regular PA also affects dyslipidaemia by improving the serum lipid profile. However, 

more intense activity is required to elicit reductions in LDL cholesterol and triglyceride 

levels. For resistance training, it has been shown that increasing the number of sets 

and/or repetitions has a greater impact on lipid profile than increasing intensity (53). 

 

A narrative review including 27 randomised controlled trials (RCTs) on individuals 

with hypertension concluded that regular medium-to-high-intensity exercise reduces 

blood pressure by a mean of 11/5 mm Hg. A similar blood pressure reduction was seen 

among individuals performing isometric resistance training, while dynamic resistance 

training had less effect (54). A meta-analysis exploring the effect of exercise and medi-

cation on individuals with hypertension (≥140 mmHg) concluded that there were no ob-

served differences between the systolic blood pressure lowering effects of medications 
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and exercise (55). Although blood pressure reduction was seen in individuals with both 

normal and elevated blood pressure, endurance training reduced blood pressure to a sig-

nificantly higher degree in individuals with prehypertension compared to individuals 

with normal blood pressure (56).  

 

The effect of regular PA in the prevention of overweight and obesity has been previ-

ously discussed. Most studies indicate that regular PA alone has only a small effect on 

body weight loss (less than 3 % of initial body weight). Nevertheless, together with ca-

loric restrictions, the effect increases significantly. Furthermore, regular PA can contrib-

ute to a sustained weight loss and minimized weight gain over a lifetime (57). 

 

In addition to the positive effect on traditional cardiovascular risk factors, regular PA 

has a positive effect on inflammatory factors and the vascular endothelium, leading to 

improved blood vessel structure and function. This contributes to a decreased risk of 

atherosclerosis and remodelling of blood vessels (58).  

 

Conclusively, regular PA affects several CVD risk factors simultaneously, giving a 

greater risk reduction than pharmacological treatment of each risk factor separately. 

Moreover, PA has other health benefits, e.g. affects mental health/wellbeing, bone 

health, immune system and prevents cancer (6, 7, 59).  

2.3.2 Definitions of physical activity and sedentary time 

Physical activity is defined as “any bodily movement produced by the contraction of 

skeletal muscle that increases energy expenditure at basal level”(60). Health-enhancing 

physical activity (HEPA) is a subcategory of PA, defined as “any form of physical ac-

tivity that benefits health and functional capacity without undue harm or risk.” This type 

of activity can be of higher intensity and has to be performed on a regular basis (61). 

Exercise, on the other hand is defined as “planned, structured, repetitive and purposive 

in the sense that the improvement or maintenance of one or more components of physi-

cal fitness is the objective” (60). Physical exercise includes both aerobic exercise and 

resistance training. Aerobic exercise includes activities primarily depending on the aero-

bic energy-generating process and aims to improve cardiorespiratory fitness. Resistance 

training, on the other hand, aims to maintain or increase muscle strength or muscle en-

durance. Furthermore, sedentary behaviour has been discussed to a greater extent the 

last decade and is defined as “activities that do not increase energy expenditure signifi-

cantly above resting level” (62). Figure 2 illustrates a graphical outline of the different 

definitions and how they are interrelated.  
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Figure 2. Graphical outline of the different definitions of PA and sedentary behaviour.  

Note: The figure represents time spent awake and the size of the different behaviours is not pro-

portional to time. 

 

Resistance training is determined by number of repetitions, sets, frequency (times per 

week) and intensity. Intensity is often described as repetition maximum (RM), whereof 

1 RM is the maximum amount of weight that a person can possibly lift in one repetition 

(63). When exploring aerobic exercise, duration (minutes of PA), frequency (number of 

sessions per day or week), intensity and type need to be taken into consideration. Inten-

sity refers to the physiological demand of the aerobic exercise and can be categorised as 

sedentary, light PA (LIPA), moderate PA and vigorous PA. Moderate to vigorous inten-

sity is often merged, defined as moderate-vigorous PA (MVPA). When defining inten-

sity level, objective, subjective and descriptive measurements are used. Commonly used 

objective measurements of intensity are metabolic equivalents (METs), describing the 

energy consumption as multiples of the basal metabolic consumption and maximal oxy-

gen uptake (VO2). Meanwhile, the Borg RPE scale (6-20) is a subjective assessment, as-

sessing perceived exertion (64). For patients diagnosed with IHD or HF, the Borg RPE 

scale is commonly used. The Borg RPE scale is correlated to both metabolic (lactate 

concentrations) and cardiac (heart rate) intensity parameters (65, 66). This relationship 

is independent of sex, age, exercise modality, PA level and IHD status (65). There is 

some variation among individuals in how they rate their fatigue. However, test re-test 

reliability appears to be consistent (67). Based on Norton’s study  (64), Table 1 gives an 

overview of the intensity levels: sedentary, light, moderate and vigorous as described by 

objective, subjective and descriptive assessments. 
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Table 1. Categories of physical activity intensity and the objective, subjective and de-
scriptive measures associated with each category  

Intensity Objective Subjective Descriptive 

Sedentary ≤1.5 METs,        

<20% VO2max  

Borg RPE: < 8 Activities that involve lying or sit-

ting 

Light           1.6-2.9 METs,   

20-39 % 

VO2max 

Borg RPE: 8-10 Activities that do not cause a nota-

ble change in breathing rate, e.g. 

cooking or performing office du-

ties 

Moderate     3-5.9 METs,     

40-59% 

VO2max 

Borg RPE: 11-13 Activities that should notably ac-

celerate the heart rate, e.g. a brisk 

walk 

Vigorous     ≥ 6 METs, 

≥60%VO2max 

Borg RPE: 14-16 Activities that lead to rapid breath-

ing and increased heart rate, e.g. 

jogging 

2.3.3 Physical activity recommendations 

Global recommendations for promoting health and improving physical capacity in 

adults (≥18 years) are at least 150 minutes of moderate intensity aerobic exercise, or at 

least 75 minutes of vigorous intensity aerobic exercise, throughout the week. A combi-

nation of moderate and vigorous activities can also meet the recommendation (15, 68, 

69). These recommendations, however, are the lowest suggested level. Importantly, 

there is a dose-response relationship between PA and health (7, 70). Exceeding the rec-

ommendations leads to a greater reduced risk for non-communicable diseases and mor-

tality (70). Aerobic exercise should be combined with resistance training involving ma-

jor muscle groups, on at least two days per week (15, 68). Furthermore, the Swedish 

Medical Society emphasizes that long-term sedentary behaviour should be avoided. 

Regular short breaks involving some muscle activity are recommended for individuals 

with a sedentary job, or who spend a lot of leisure time sedentary. The short breaks rec-

ommendation is for all individuals, even those meeting the physical activity recommen-

dations. Additionally, individuals aged ≥65 years should undertake PA in order to en-

hance balance and prevent falls at least three days a week (71). The general recommen-

dations should be seen from a population perspective, and individual adjustments are 

obviously needed in clinical work.  

 

In this thesis, we use the term PA level. In Study I, PA is divided into everyday PA, 

physical exercise and total PA level. In Studies II and III, PA level includes all physi-

cal activities of at least moderate intensity. For further information, see SWE-

DEHEART and Lifestyle habits questionnaire.  
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2.3.4 Physical activity epidemiology    

There are large variations in the population's PA levels and sedentary behaviour be-

tween different studies. This may be due to true differences between groups, but is more 

likely due to differences in methods used to assess PA.  

 

In 2016, a large study including 1.9 million adults across 168 countries explored self-

rated PA levels and reported that in age-standardised analyses, 27.5% of participants 

had insufficient PA levels (72). The prevalence of insufficient PA levels has been re-

ported to have been stable since 2001.. Insufficient PA level was defined as adults not 

meeting the WHO recommendations of ≥ 150 min of moderate-intensity, or 75 min of 

vigorous-intensity PA per week, or any equivalent combination of the two (72). This 

level of insufficient PA is in line with a European study, with a prevalence of 28.6% 

(73). Guthold et al. saw that women had insufficient PA levels to a higher degree than 

men (31.7% and 23.4%, respectively). There were also differences between countries, 

with a higher prevalence of insufficient PA levels in high-income countries (36.8%) 

compared to low (16.2%) (72). Residence in rural areas, northern Europe, male sex, 

younger age and higher socioeconomic status (e.g. education level and ability to pay 

bills) were independently associated with higher self-reported PA levels (31, 72, 73).  

 

Self-rated PA level has been found to significantly differ to PA level measured with an 

accelerometer. According to a Swedish study, 65% of all men and 61% of all women 

self-rated 30 min of daily PA. Nevertheless, when measuring with an accelerometer, 

just above 7% were physically active at least 30 minutes per day, in bouts of 10 min, on 

most days of the week (74).   

   

Loyen et al. explored self-rated sedentary time (SED) among adult Europeans. Partici-

pants spent a median of five hours per day sitting and 18.5% spent ≥7.5 hours/day sit-

ting. However, there were considerable variations in self-reported SED across countries 

as well as socio-demographics. Adults in northern European countries reported more 

time spent in sitting than in southern countries. Higher educational level and white-col-

lar occupations were found to have the strongest correlation with higher levels of sitting 

time. In addition, higher PA level, women, living in rural areas or in small/medium 

sized towns, having ≥ 3 children, infrequent internet use, having difficulties paying 

bills, and being satisfied with life were associated with lower sitting levels (75). The 

prevalence of SED in Europe has been quite stable since 2002, in fact, even decreasing 

slightly (23.1% to 17.8%) (76). As for PA levels, the results differed between self-rated 

and objectively assessed. Ekblom et al. concluded in a Swedish population that more 

than 60% of time was spent sitting, with men and individuals with high educational lev-

els spending a larger proportion of their time sitting (74).  
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Importantly, there is a weak association between MVPA level and SED, e.g. individuals 

with a high level of high intensity PA might also spend a lot of time being sedentary 

(77). However, for SED and LIPA, the association is stronger. This highlights the im-

portance of assessing PA level and SED separately. 

2.3.5 Methods of assessing physical activity and sedentary time 

There is a need to assess PA in a standardized manner, as with other CVD risk factors 

such as blood pressure, blood lipids and glucose levels (2). There are a wide range of 

methods available for assessing PA. PA has traditionally been assessed using PA level, 

e.g. as a category- (“active/non-active”) or a low-to-high-variable. With increasing de-

velopment in research, the term PA pattern is increasingly used. PA pattern takes inten-

sity, frequency and duration into consideration. Nevertheless, both PA pattern and PA 

level are important and provide meaningful information. Methods of assessing PA can 

be broadly grouped as subjective (e.g. questionnaires and diaries) or objective assess-

ments (e.g. doubly labelled waters technique, or device-based methods such as pedome-

ters and accelerometers). When selecting a method it is important to consider the pur-

pose of the study. No method is perfect or provides a complete description of the PA 

(e.g. duration, frequency, intensity and type of activity). Therefore a combination of 

methods is preferable (2, 78-80). Simplified, it could be said that there is an inverse re-

lationship between ease of use and accuracy of assessment method. The simplest, least 

expensive PA assessment methods, (e.g. diary and questionnaire) provide only general 

estimates of PA and SED. They suffer from the largest potential errors due to social de-

sirability and are difficult to estimate duration and intensity with. Meanwhile, the most 

accurate methods are labour-intensive, require training, cause the greatest burden on pa-

tients and clinicians, and are more expensive to administer (2). Table 2 gives an over-

view of different types of PA assessments and their advantages and disadvantages.   
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Table 2. Overview of physical activity assessment methods (2, 78-82)  
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Questionnaires have been the most common method of assessing PA in research and 

clinical practice (78-80). There are several different questionnaires available for as-

sessing PA level, focusing on different periods e.g. regular or last year, month or week. 

The most common period is PA during a regular week. However, it has been shown that 

this leads an overestimation of the PA level compared to asking for the last seven days 

(83). Furthermore, questionnaires using pre-specified categories, as apposed to asking 

for specific times of different physical activities, seem to have a greater validity (84). 

They have been used in major studies and have been shown to predict different health 

outcomes including death (85).  

 

The most common method of assessing PA level among patients in cardiac rehabilita-

tion programs has been to take a historical perspective of patients’ PA habits via an in-

formal question-and-answer approach. It is recommended that these data should be cap-

tured with a standardized questionnaire. Assessment of patients’ current PA levels 

should be assessed with device based methods supplemented by subjective data (e.g. 

questionnaires) (2). Few studies have validated questionnaires on PA among patients 

with CVD. Three previous studies investigating different methods of measuring PA 

found an acceptable concurrent validity for PA level measured by questionnaire (r: 

0.40-0.49) compared to PA measured with an accelerometer (86-88). Nonetheless, there 

are no validated PA level questionnaires in Swedish validated for patients with CVD. 

 

2.4 Healthcare sector’s role in promoting health lifestyle habits 

In order to create a sustainable opportunity for a physically active lifestyle for all indi-

viduals, there is a need to work at national, regional and local levels. Important actors 

are governments, communities, academic institutions, the healthcare sector, professional 

associations and the private sector (89, 90).  

 

The healthcare sector is a key player in promoting health in society. It has the advantage 

of reaching a large part of the population including vulnerable groups, such as the el-

derly, persons with low socioeconomic status and persons on sick leave (91). In addi-

tion, healthcare professionals are considered a trustworthy source of health-related in-

formation and most patients want to discuss their lifestyle habits with healthcare profes-

sionals (92, 93). The majority of patients in several studies have stated that lifestyle 

habits are important for their health and that they want to modify at least one lifestyle 

habit (92, 94-97). Most commonly reported lifestyle habits were smoking, PA, weight 

and eating habits (97, 98). Importantly, also healthcare professionals state that it is im-

portant to promote patients’ lifestyle habits both in the healthcare sector in general and 

in their own clinical practice (99, 100).  
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The European guidelines on cardiovascular disease prevention in clinical practice 

(2016) emphasise that health promotion and primary and secondary prevention should 

be undertaken both within primary and hospital care (15). In secondary prevention, it is 

important to initiate appropriate interventions prior to hospital discharge and ensure that 

these are sustained and supported in other settings. Initiating this at the hospital high-

lights the importance of lifestyle habits to the patient. It is recommended that patients 

receive a clinical assessment to guide optimization of medical therapy, behavioural edu-

cation for risk factor modification, and a referral to exercise-based cardiac rehabilita-

tion. The education should be person-centred, providing explanations for each interven-

tion. Early mobilization and exercise sessions should vary according to the individual’s 

clinical status (15). 

2.4.1 Physical activity in secondary prevention of cardiovascular disease 

For individuals with CVD, PA during cardiac rehabilitation is key. The PA sessions 

should include a warm-up, physical exercise (combination of aerobic and resistance 

training), cool-down and stretching/flexibility. Progressive warm-up before and cool-

down after may prevent injuries and adverse cardiac events (15, 101). Table 3 describes 

the general PA recommendations for patients with CVD. Importantly, the PA session 

should be adapted to the individual's physical capacity and risk profile with the aim of 

achieving and/or maintaining the highest level of possible fitness (101).  

 

Table 3. Physical activity recommendations in secondary prevention of cardiovascular 
disease (101) 

Aerobic exercise Resistance training (8-10 exercises) 

Intensity: Moderate-vigorous (Borg RPE: 12-17, 

VO2: 40-89%) 

 

Number of repetitions: 10-15 (i.e. 

10-15 RMs) 

Duration: Each session lasting ≥30 minutes 

 

Number of sets: 1-3 

Frequency: 3-5 times / week Frequency: 2-3 times/week 

 

 

In order to achieve the PA recommendations for secondary prevention, individuals hos-

pitalised for an acute coronary event, revascularisation or HF should be offered the op-

portunity to participate in exercise-based CR (15, 102). In Sweden, participation should 

be offered at least twice a week for ≥ 3 months (102). A Cochrane review concluded 

that among patients with coronary heart disease, participating in exercise-based cardiac 

rehabilitation decreased the risk of hospital readmission and cardiovascular mortality 
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(1). Nevertheless, there were no significant effects on all-cause mortality, MI, or revas-

cularization (1). For patients with HF participating in exercise-based (CR), there was a 

decreased risk for mortality in ≥1 year follow-up (103). Additionally, European guide-

lines for cardiovascular disease prevention recommend that the amount of time spent 

being sedentary should be minimized by taking breaks from extended periods of sitting, 

reducing screen time and actively travelling (15). However, there are gaps in the 

knowledge of SED among patients with CVD and its potential association with utilisa-

tion of hospital care and mortality.  

 

Despite international and national recommendations (15, 102, 104), PA is considered an 

underutilized resource in secondary prevention in Sweden, with approximately only 

20% of patients diagnosed with MI participating in exercise-based CR (105). A Swedish 

study found that non-attendance in exercise based CR were higher among smokers, 

men, having a higher burden of comorbidities and a long distance to the cardiac depart-

ment (106). This raises the importance of exploring PA levels and their association with 

future morbidity and mortality among patients with CVD, regardless of where or how 

the PA is performed.   
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3 RATIONALE FOR THIS THESIS 

In Europe, the incidence of CVD is high and the leading cause of premature mortality 

and disability-adjusted life years (DALY) (11). This emphasizes the need for primary 

and secondary prevention of CVD. Regular PA, particularly exercise-based CR, has an 

important role in the prevention of CVD via its well-known positive effect of reducing 

several cardiovascular risk factors (52-54) and premature mortality among patients with 

IHD and HF (1, 103). This has led to guidelines for cardiovascular prevention highlight-

ing the importance of promoting PA among patients with CVD within primary and hos-

pital care (15, 102). Nevertheless, not all patients are offered exercise-based CR, and a 

recently published Swedish national survey stressed that approximately only 20% of in-

dividuals diagnosed with MI participate (105).  

 

Additionally, SED has been separated from PA and discussed to a greater extent the last 

decades. However, little is known about SED among patients with CVD and its poten-

tial association with morbidity and mortality. This leads to the need for broader 

knowledge of PA levels and SED among patients with different types cardiovascular di-

agnoses, regardless of whether the PA is performed within the healthcare sector or not. 

Further, there is a need to explore whether PA level, when assessed in clinical work, can 

predict hospital care utilisation (e.g. hospital duration and readmission) and all-cause 

mortality among patients with CVD. Finally, there is a need to explore whether PA 

level and its association with hospital utilization and all-cause mortality differs among 

patients with various CVD diagnoses (e.g. cardiac arrhythmias, valvular heart disorder 

and inflammatory heart diseases).  

 

Although there are international and national guidelines for cardiovascular prevention, 

there is limited knowledge as to what extent those guidelines are followed by healthcare 

professionals. In addition, information on attitudes among healthcare professionals to-

wards promoting PA and other healthy lifestyle habits in patients within hospital cardiac 

care is lacking. Previous studies have mainly focused on attitudes and clinical work 

among healthcare professionals within primary care (99, 107, 108). Therefore, there is a 

need to explore healthcare professionals’ clinical work and attitudes to promoting 

healthy lifestyle habits among patients within hospital cardiac care.  
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4 AIMS AND HYPOTHESIS  

The overall aim of this thesis was to investigate PA and its importance for patients with 

CVD, and to what extent it is promoted during clinical work.  

 

Specific aims: 

 

 Explore self-rated PA levels (Studies I, II and III) and SED (Study I) among 

patients with different CVD diagnoses. 

 

No hypothesis was stated for this explorative analysis. 

 

 Investigate whether PA and smoking habits can predict utilisation of hospital 

care among patients treated on a cardiac ward:  

o Can preceding PA level and SED among patients with CVD predict 

hospital duration and readmission?  (Study I) 

o Can PA level and smoking habits post MI predict one-year readmis-

sion? (Study II) 

 

We hypothesised that: 

PA (negatively), SED and smoking habits (positively) are associated with hospital care 

utilisation. 

 

 Investigate whether PA level and SED can predict mortality among patients 

treated on a cardiac ward  

o Can preceding PA level and SED among patients with CVD predict 

all-cause mortality? (Study I) 

o Can PA level and smoking habits post MI predict all-cause mortality? 

(Study II) 

o Can changes in PA level during the first year post MI predict all-cause 

mortality? (Study III) 
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We hypothesised that: 

PA (negatively), SED and smoking habits (positively) are associated with all-cause 

mortality during follow-up. 

 

 Investigate stated importance among healthcare professionals on promoting 

healthy lifestyle habits (alcohol, eating habits, physical activity and tobacco) to 

patients treated in cardiology departments, and to what extent these attitudes 

are translated into clinical work. 

 

We hypothesised that: 

The majority of healthcare professionals working in hospital care are positive to, and 

provide counselling on, promoting healthy lifestyle habits in line with guidelines. 
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5 MATERIALS AND METHODS 

5.1 Study design 

Four studies were included in this thesis. Studies I-III were prospective cohort studies, 

while Study IV had a cross-sectional descriptive design. The design, population and 

main variables of Studies I-IV are presented in Table 4.  Studies I and IV were carried 

out at the cardiology departments in two different hospitals in Stockholm, while Studies 

II and III were based on national data from cardiology departments nationwide.   

 

Table 4. Overview of the four studies (design, population and main variables) included 

in this thesis 

Study  Design  Population Main variables 

I  Cohort study Patients with  

cardiovascular  

disease  

n =1148 

Exposure 

 Physical activity level 

- Everyday physical activity 

level                        

- Physical exercise level                             

- Total physical activity 

level   

 Sedentary time    

Outcome           

 Hospital duration 

 Readmission                           

 Mortality                        

II  National cohort 

study 

Patients with myocardial  

infarction 

n = 30 644 

Exposure 

 Physical activity level                

 Smoking status   

Outcome                        

 Readmission                                    

 Mortality 

III  National cohort 

study 

Patients with myocardial  

infarction 

n = 22 227 

Exposure 

 Changes in physical activity 

level  

Outcome 

 Mortality  

IV   Cross-sectional 

study 

Healthcare professionals 

in  

cardiology departments 

n = 251  

 Attitudes to promote healthy 

lifestyle habits a  

 Clinical work to promote 

healthy lifestyle habits a  

 Impacting factors 
a Alcohol consumption, eating habits, physical activity and tobacco use 
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This thesis focussed on individuals with CVD, exploring their PA level at different peri-

ods of their lives and investigating how their PA level is associated with hospital care 

utilisation and mortality. Study I included patients with CVD, exploring PA (everyday 

PA, physical exercise and total PA) and SED pre hospitalisation on a cardiac ward. 

Studies II and III assessed self-rated PA levels among patients 6-8 weeks (Studies II 

and III) and one year post MI (Study III). Study IV differs from the previous studies, 

focusing on the healthcare professionals’ clinical work and stated importance in promot-

ing healthy lifestyle habits among patients within in and outpatient cardiac care. Figure 

3 gives an overview of the four studies included in this thesis, describing the main vari-

ables and when data were collected. 

 

Figure 3. A flow chart of when the main variables were collected for each of the four 
studies included in the thesis.   

 

5.2 Data collection and measurement 

In this thesis, PA is treated as a potential predictor of morbidity and premature mortality 

(109). Figure 1 shows known risk factors for cardiovascular disease and mortality. This 

figure was used as the basis for choosing confounders for Studies I-III. In all three 

studies, we included the non-modifiable factors sex and age. In Study I, we included 

socioeconomic factors and the lifestyle habits alcohol consumption, eating habits and 

tobacco. In Studies II and III, we included other known risk factors (as confounding 

variables) such as HQoL, smoking, pharmacological treatment, percutaneous coronary 

intervention and disease severity (e.g. left ventricular ejection fraction, type of myocar-

dial infarction and estimated glomerular filtration rate (eGFR)), all known to affect the 

risk of new cardiovascular events and mortality. Intermediate risk factors, such as diabe-

tes type II, hypertension and hyperlipidaemia, were not included in the analysis due to 

their effect on (or early signs of) cardiovascular disease. However, in Study II, a sub-

group analysis of these factors was performed. 
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Data collection for the four studies was undertaken by different sources such as medical 

records, national registers and questionnaires. Table 5 gives an overview of the data 

sources used in Studies I-IV. The Swedish personal identity number makes it possible 

to follow each individual from different national registers and medical records over 

time.   

Table 5. Overview of data sources used in Studies I-IV 

Data sources Study I Study II Study III Study IV 

Medical records x    

National registers      

  Riks-HIAa, b  x x  

  SEPHIAa, c  x x  

  Income and Taxation Registerd  x    

  Swedish Education Nomenclature 2000d  x    
  Swedish National Population Registerd x x x  
  National Patient Registrye x    

Questionnaires     

  Healthcare professional questionnaire    x 

  Lifestyle habits questionnaire x    
a  Sub-register in SWEDEHEART (Swedish Web-system for Enhancement and Development of 

Evidence-based care in Heart disease Evaluated According to Recommended Therapies);b The 

Register of Information and Knowledge about Swedish Heart intensive Care Admission; c  The 

Secondary Prevention after Heart Intensive Care Admissions; d  From Statistics Sweden; e From 

The National Board of Health and Welfare 

5.2.1 Medical records 

For Study I, baseline data for age, date of admission, date of discharge, length of stay, 

main diagnosis at discharge and lifestyle habits from the cardiac ward were collected 

from medical records.   

5.2.2 National registers 

5.2.2.1 SWEDEHEART  

The Swedish Web-system for Enhancement and Development of Evidence-based care 

in Heart disease Evaluated According to Recommended Therapies (SWEDEHEART) is 

an on-going quality registry for acute coronary and cardiac rehabilitation care. The pur-

pose of SWEDEHEART is to support the improvement of care and evidence-based de-

velopment of therapy of IHD (105, 110). SWEDEHEART consists of the following 

sub-registers: 
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 The Register of Information and Knowledge about Swedish Heart Intensive 

Care Admission (Riks-HIA).  

 The Secondary Prevention after Heart Intensive Care Admissions (SEPHIA). 

 Swedish Coronary Angiography and Angioplasty Registry (SCAAR).  

 Swedish Cardiac and Swedish Transcatheter Cardiac Intervention Registry 

(SWENTRY).  

 Swedish National Cardiogenetic Registry 

 

Studies II and III are based on data from the sub-registers Riks-HIA and SEPHIA. 

   

Riks-HIA started in 1995, and today all hospitals with acute coronary care in Sweden 

participate, with a median coverage of almost 96 % of patients younger than 80 years 

(105) . The registry focus on the quality of acute coronary care and includes the varia-

bles of demography, diagnostic procedures, diagnosis, coronary intervention, risk fac-

tors, pharmacological treatment and comorbidity (105, 110).  

 

For Studies II and III, the following variables from inpatient care were used: age, sex, 

type of MI, left ventricular ejection function (LVEF), body mass index (BMI), percuta-

neous coronary intervention (PCI) and estimated glomerular filtration rate (eGFR). 

Type of MI was based on clinical assessment and patients were classified as having had 

an ST‐segment elevation MI (STEMI), or a non‐ST‐segment elevation MI (NSTEMI). 

In Study II, LVEF was categorised into four groups: normal (>50%), mild impairment 

(40–49%), moderate impairment (30–39%), and severe impairment (< 30%). In Study 

III, LVEF was categorised into 50%, 49% to 40%, or ≤40%. The use of PCI during 

treatment was coded as yes or no. eGFR was based on serum creatinine values (sCr) cal-

culated according to the Cockcroft–Gault formula (111). To separate normal or mildly 

decreased eGFR from moderately decreased or more pronouncedly decreased eGFR, 

eGFR was dichotomised at 60 mL/min/1.73 m2 (111). In addition, for Study III the 

date of the MI was included.  

 

SEPHIA was developed in 2003-2004 (112) and gradually increased to include all 72 

hospitals in Sweden by December 2018 . The registry provides information on the qual-

ity of cardiac rehabilitation for patients with MI in Sweden, and includes patients 

younger than 80 years (since January 1st 2018). Data are collected during two follow-up 

visits, at 6-10 weeks and approximately one-year post MI. The registry includes e.g. 

secondary prevention treatments, prevalence of risk factors, HQoL and eventual read-

missions (105).  
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From the first follow-up visit, the following variables were obtained: health HQoL, pre-

scribed pharmacological treatment, smoking status and PA level (Studies II and III).  

 

 HQoL was measured using the validated HQoL instrument EuroQol5D 

(EQ5D) (113). The EQ5D values were converted into a single summary index, 

ranging from − 0.594 to 1, where 1 represents the best possible health (114). 

The mean score in a Swedish population has been reported to be 0.84 (115). In 

Study II, patients were assigned to two groups based on this value (≤ 0.84 and 

> 0.84, respectively). Meanwhile, in Study III, the median was used due to 

non-parametric data distribution. 

   

 Prescribed recommended pharmacological treatment, i.e. being treated with 

ACE-inhibitors, beta-blocking agent, statins or other lipid-lowering agents and 

antithrombotic agents, were dichotomized as ‘yes’ or ‘no’ answers.  

 

 Smoking status was classified as: never smoker, former smoker (no smoking 

during the last month) and current smoker. 

 

 PA level was assessed using a 7-day recall question: “Number of physical ac-

tivity sessions of at least 30 min (two 15-min sessions can be combined into a 

30-min session) in the last 7 days, with an intensity of at least fast walking”. 

The patients were questioned by a nurse, or answered a questionnaire, and re-

ported a number between zero and seven. This question was specifically con-

structed for the SEPHIA registry and has not previously been tested for relia-

bility or validity. In Study II, the answers were grouped into three categories: 

0–1 sessions/week = low activity level, 2–4 sessions/week = medium activity 

level and 5–7 sessions/week = high activity level. The highest category corre-

sponds to the internationally recommended level of PA for health, i.e. at least 

150 min PA per week, of at least moderate intensity. For Study III, patients 

were classified as “inactive” if they reported none, or one session of PA per 

week. Patients reporting two or more sessions per week were classified as “ac-

tive.” Patients were further classified according to changes in activity level be-

tween the two follow-up visits as: constantly being inactive, having reduced 

activity, having increased activity or being constantly active. The decision to 

have dichotomised groups in Study III was based on the notion that four rather 

than nine groups would be easier to interpret, along with the risk that statistical 

power may be limited using nine groups. 
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From the second follow-up visit, the following data were collected from the SEPHIA 

registry:  

 

 Data on readmission to hospital during the first year post MI were collected by 

patient interview or a review of medical records. Patients were grouped into 

yes or no regarding readmission due to CVD (i.e. angina pectoris, heart HF, 

MI, or stroke), or readmission due to non-CV diseases (Study II).  

 Data on participation in exercise‐based cardiac rehabilitation during the year 

following MI were collected by patient interview or a review of medical rec-

ords (Study III).  

5.2.2.2 Statistics Sweden 

Statistics Sweden is a state agency managing several national registries e.g. Swedish 

National Population Register, Swedish education nomenclature 2000 and the Income 

and Taxation Register. They are responsible for official and other government statistics, 

i.e. the development, production, coordination and dissemination of national statistics.   

The Swedish National Population Registry contains information on the Swedish popula-

tion e.g. sex, age, date of birth, mortality and date of death. In Studies I, II and III, this 

register was used to identify individuals who were deceased, along with their date of 

death. For Study I, data from the registries Swedish education nomenclature 2000 and 

the Income and Taxation Register were used to gain information on SES (education 

level and disposable income). Swedish education nomenclature 2000 is a system for 

classifying education-concerning information such as education level. Education level 

consisted of seven different categories, which were further grouped into three catego-

ries: primary school (9 years), secondary school (10-12 years) and higher vocational ed-

ucation or University (> 12 years). The Income and Taxation Register was used to ex-

plore disposable income. Disposable income includes all income (taxable and partly tax 

free transfers) e.g. salary, capital income, retirement pension, sickness benefit, housing 

and child allowance. The median disposable income in Sweden in 2014 was 338 400 

SEK. In Study I, the disposable income (in 2014) was divided into three groups: low, 

middle and high. Disposable income of < 60 % of the Swedish median was categorised 

as low, while a disposable income of twice the median was categorized as high.  

5.2.2.3 The National Board of Health and Welfare 

The National Board of Health and Welfare is a state agency responsible for managing 

several national registries e.g. “National Patient Registry”, collecting and spreading 

knowledge to social services and healthcare, and ensuring safe and equal healthcare 

throughout Sweden.   
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In Sweden, it is mandatory for regions to report inpatient and outpatient visits to the Na-

tional Patient Registry once a month. For Study I, data on readmission to hospital was 

obtained from the discharge date (September 1st 2015 to April 30th 2016) until Decem-

ber 31st, 2017. 

5.2.3 Questionnaires 

In 2011, the National Board of Health and Welfare published guidelines for Methods of 

Preventing Disease. These guidelines provide recommendations for methods of prevent-

ing disease by supporting patients in their efforts to change an unhealthy lifestyle habit 

(104). Simultaneously, the National board of Health and Welfare constructed a ques-

tionnaire that can be used in clinical practice to assess four lifestyle factors: physical ac-

tivity, alcohol consumption, eating habits and smoking behaviour. This questionnaire 

was used in Study I. Additionally, the Board created a questionnaire to asses healthcare 

professionals’ stated importance of clinical work in order to promote healthy lifestyle 

habits. This questionnaire was, in part, used in Study IV.  

 

5.2.3.1 Lifestyle habits questionnaire 

In Study I, patients answered the questionnaire (Appendix 1) constructed by the Na-

tional Board of Health and Welfare while they were treated on a cardiac ward. The 

questions concerned their lifestyle habits pre-hospitalisation and the answers were rec-

orded in their medical records. These questions included: 

 

Physical activity level and sedentary time:  

 

 Physical exercise: During a regular week, how much time do you spend ex-

ercising on a level that makes you short-winded, for example running, fitness 

class, or ball games? The questions consisted of six fixed answers, which 

were further categorised into three categories: low (0 minutes/week), me-

dium (1-60 minutes/week) and high (≥60 minutes/week). Stratification was 

performed to create groups with meaningful sizes. 

 

 Everyday physical activity: “During a regular week, how much time are you 

physically active in ways that are not exercise, for example walks, bicycling, 

or gardening? Add together all activities lasting at least 10 min”.  Seven 

fixed answers were available, which were further categorised into three 

groups: low (≤ 29 minutes/week), medium (30-149 minutes/week) and high 
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(≥ 150 minutes/week). The highest category corresponded to the internation-

ally recommended level of PA for health, i.e. at least 150 min of PA per 

week, of at least moderate intensity. 

 

The questions regarding physical exercise and everyday PA formed a validated index 

(3-19 points) of total PA level (84). This was obtained by multiplying category of exer-

cise (one to six) by two (to account for a proposed higher intensity) and then adding the 

category of everyday PA (one to seven). The index of total PA level was categorised 

into three groups: low (3-6 points), medium (7-9 points) and high (10-19 points). These 

cut-offs were made in order to create three groups of approximately equal size. The 

same index has been used in previous surveys in order to assess the number of individu-

als who approximately achieve the PA recommendations. To achieve this recommenda-

tion, cut-off was set to nine.   

 

 SED was assessed by the validated question: “How much time do you sit 

during a normal day, excluding sleep?”(116). There were seven answer op-

tions, which were later grouped into three categories: low (< 6 hours), me-

dium (7-9 hours) and high (≥ 10 hours). The cut-off points were based on a 

meta-analysis suggesting that the risk of all-cause mortality increases if 

adults sit for a total of ≥7 hours. (117) 

 

Smoking habits were categorised as “never smoker, “former smoker” (stopped smoking 

more than six months ago) and “current smoker” (additionally including individuals 

who stopped within the last 6 months”.  

 

Eating habits were explored by four questions on how often they ate vegetables, 

fruits/berries, fish/shellfish and sweets. The answers were divided into four categories 

(0-3). An eating index (0-12) was categorised based on the sum of the four questions: 

“0-4 considerably unhealthy eating habits”, “5-8 moderately healthy eating habits”, “≥ 9 

follows the healthy eating habits recommendations”.  

 

Hazardous use of alcohol was assessed by the question “How often do you drink 4 

(women)/5 (men) units of alcohol on a single occasion? One alcohol unit is equivalent 

to 10 millilitres of pure alcohol. There were six categorical answers. One or more occa-

sions a month was categorised as hazardous use. 
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5.2.3.2 Healthcare professionals’ questionnaire 

In Study IV, a questionnaire (Appendix II) was developed for healthcare professionals 

from existing questionnaires (40, 99) (Table 6). The questionnaire concerned three ar-

eas:  

 Stated importance and clinical work for improving patients’ lifestyle habits (al-

cohol, eating habits, physical activity and tobacco use).  

 Personal and organisational factors of potential importance. 

 Expectations and future work.  

 

In order to assess questionnaire face validity, pilot testing was performed on various 

healthcare professionals. The results led to no questions being changed. 
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Table 6. Questions used in the survey (translated by the authors) 

Question Response options 

Core questions   

1. In general, how important do you think it is to pro-

vide counselling to patients on the following life-

style habits#? 

Four-graded ordinal 

scale†   

2. In your own clinical work, how important do you 

think it is to provide counselling to patients on the 

following lifestyle habits#?  

Four-graded ordinal 

scale†  

3. I ask patients about their lifestyle habits# in my 

clinical work  

Six-graded ordinal 

scale‡ 

4. To what extent are you counselling patients about 

the following lifestyle habits# in your clinical 

work?  

Four-graded ordinal 

scale§  

Organisational structure  

5. Are there clear routines for counselling of lifestyle 

habits# in your workplace? 

Four-graded ordinal 

scale§ 

6. There are clear objectives for promoting patients' 

lifestyle habits#  

Six-graded ordinal 

scale¶ 

7. Top management has clearly stated that promoting 

patients' lifestyle habits# is a priority 

Six-graded ordinal 

scale¶ 

 Healthcare professionals’ beliefs and requests  

8. I think it has a positive effect on the patients’ 

health if they change the following lifestyle habits #  

Six-graded ordinal 

scale‡ 

9. I think patients expect to be asked about the fol-

lowing lifestyle habits#  

Six-graded ordinal 

scale‡  

10. As compared with your current practice, how 

would you like to change the extent to which you 

discuss the following lifestyle habits# with pa-

tients? 

Five predetermined re-

sponse options e¥ 

#  Alcohol, eating habits, physical activity and tobacco. † 1. Very important, 2. Partly important, 3.  

Not very important, 4.  Not important at all; ‡ 1. Always, 2. Almost always, 3. Usually, 4. Rarely, 

5. Only in exceptional cases, 6. Never; § 1. To a great extent, 2. To some extent, 3. To a minor ex-

tent, 4. Very little/not at all; ¶ Totally agree 1. 2. 3. 4. 5.  6. Do not agree at all; ¥ 1. A lot less, 2. A 

little bit less, 3. To the same extent, 4. A little bit more, 5. A lot more.  
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Stated importance and clinical work to improve patients’ lifestyle habits  

Four questions were identified as core questions, focusing on stated importance (of the 

healthcare sector in general and own clinical work), and clinical work (asking and 

providing counselling) to promote patients’ lifestyle habits  (Table 6). The core ques-

tions were analysed for each of the investigated lifestyle habits (alcohol, eating habits, 

physical activity and tobacco use). For each question, the number of response categories 

varied between four and six (Table 6). Prior to data analysis, the response categories of 

the four core questions were dichotomised into two categories: the highest answer cate-

gory (e.g. “very important”, or “always”, or “to a great extent”) versus all other answer 

categories (see Table 6). Dichotomisation was performed in line with previous studies 

and evidence-based guidelines (15, 40, 99, 102).  

 

Personal and organisational factors of potential importance 

A further eight questions focused on personal (age, sex, profession, years in the profes-

sion and workplace) and organisational factors (perceived clear routines, clear objec-

tives and strong management support). When analysing responses, profession was di-

vided into physicians versus all other healthcare professionals; workplace was divided 

into inpatient and outpatient care; age was divided into under and over 40 years, and 

years in profession was divided into under and over nine years. The response categories 

for questions regarding organisational factors were, on analysis, divided into ‘agree to a 

great extent’ or ‘totally agree’, versus all other categories (Table 6).  This was done in 

order to explore to what extent participants perceived these organisational factors as im-

portant. Further details about routines, objectives and management support were not 

part of this study.   

 

Expectations and future work 

We further explored healthcare professionals’ expectations and future work using three 

questions. The first question aimed to investigate to what extent healthcare profession-

als perceived that lifestyle habits were important to health outcomes. The second ques-

tion investigated how healthcare professionals perceived patient expectations of being 

asked about lifestyle habits. For those questions, the responses were categorised as ’Al-

ways’ versus all other categories. The third question asked to what extent the healthcare 

professionals wanted to discuss lifestyle habits in the future. Prior to analysis, the re-

sponses were categorised into two groups: ‘a lot more’ and ‘a little bit more’, versus ‘to 

the same extent’, ‘a little bit less’ and ‘a lot less’ (Table 6).  

 

5.3 Study populations 

This thesis consists of three different study populations. Study I included patients with 

different CVD diagnoses treated on a cardiac ward (Stockholm cohort). Studies II and 
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III consisted of patients diagnosed with myocardial infarction (I.21) (SWEDEHEART 

cohort). The number of patients differed in Studies II and III due to different objec-

tives and included variables. Study IV consisted of healthcare professionals who treated 

patients on a cardiac department.   

5.3.1 The Stockholm cohort  

Study I consisted of patients treated on cardiac wards at two hospitals in Stockholm, 

Sweden. Inclusion criteria were: patients who were subsequently discharged alive, 18 

years or older, had a Swedish personal identification number and had been hospitalised 

for at least one day during weekdays between September 1st 2015 and April 30th 2016. 

Patients were excluded if they exhibited a reduced ability to participate, i.e. had a severe 

illness (such as a life-threatening CVD condition or dementia) or had poor Swedish lan-

guage skills. In addition, individuals that did not have complete data were excluded. The 

diagnoses were further grouped into: IHD, HF, cardiac arrhythmia, valvular heart disor-

der, inflammatory heart diseases and other. 

5.3.2 The SWEDEHEART cohort 

Individuals included in Studies II and III were patients aged 18–74 years and diag-

nosed with their first MI, coded as I.21 according to the International Classification of 

Diseases, 10th revision (ICD 10). They were included in both the Riks-HIA and SE-

PHIA registries between 2004 and 2014. In addition, complete data on covariates and 

explanatory and outcome variables needed to be available for inclusion (described in 

5.2.2.1 SWEDEHEART). In Study II, the standardised 5-year follow-up excluded indi-

viduals with less than 5 years of follow-up. 

5.3.3 The healthcare professional population 

All healthcare professionals working on a cardiac department and in contact with pa-

tients in March 2014, were invited to participate. Physicians, nurses, assistant nurses, 

physiotherapists, dieticians, occupational therapists, social workers, psychologists, and 

biomedical analysts were thus eligible for the study. Healthcare professionals who did 

not have patient contact or did not provide full information for all four core questions 

were excluded from the data analysis. 

 

5.4 Statistical methods 

An overview of the statistical methods used in Studies I-IV is provided in Table 7 . Sta-

tistical analysis was performed using SPSS 24.0 software (IBM Corp., Armonk, NY, 

USA).  
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Table 7. Statistical methods in alphabetical order used in Studies I-IV 

Statistical method 

Study 

I 

Study 

II 

Study 

III 

Study 

IV 

Attributable fraction (AF)  x   

Attributable risk (AR)  x   

Benjamini-Hochberg procedure xa    

Bonferroni correction xa    

Chi-square test x x x x 

Cox regressions  x   

Cox regression with time-dependent covariate x xa x  
Formal interaction analyses (Bland and  

Altman) x x x x 

Independent sample t-test    x  

Logistic regression x x  x 

Mann Whiney U test  x x   

Multiple linear logistic regression x    

Schönfelts residuals x  xa x   

Spearman’s rho  x   x 

95% Confidence interval x x x  

99% Confidence interval     x 
 

a Results only presented in the thesis. 

 

In all studies, categorical variables are presented as frequencies and relative frequencies. 

Continuous non-parametric variables are presented as medians with interquartile ranges 

(IQRs), and parametric variables as means with standard deviations (SDs). Differences 

between included vs excluded individuals, and included vs drop-outs were examined us-

ing the Chi-square test for categorical variables, the Mann–Whitney U test for continu-

ous non-parametric variables and Student’s t-test for parametric variables. The level of 

significance was set to p < 0.05.   

 

In this thesis for Study I, differences in PA level between different cardiovascular diag-

nosis groups were explored using the Benjamini-Hochberg procedure with Bonferroni 

correction.  

 

The association between PA level (Studies I and II) and SED (Study I) with hospital 

readmission were analysed using logistic regressions. Results from the logistic regres-

sions were presented as odds ratios (ORs) with 95% CIs.  ORs were considered to be 
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different from the reference group if the 95% confidence interval did not include 1. In 

Study I, ORs were analysed using three models: unadjusted, adjusted for age and sex, 

and fully adjusted (age, sex, diagnosis group, education level, disposable income, smok-

ing status, alcohol consumption and eating habits). In Study I, in order to explore 

whether the diagnosis groups differed with regards to the effect of PA level and SED, an 

interaction term was added to our fully adjusted logistic regressions. In Study II, the 

first regression model was an unadjusted model, the second included age and sex and 

the third included all covariates (age, BMI, eGFR, sex, HQoL, LVEF, PCI, pharmaco-

logical treatment, smoking and STEMI).  

 

In Study I, correlations between PA level, SED and inpatient duration were assessed 

using Spearman's partial rank order correlation. When the correlation was significant, 

the analysis continued with multiple linear regression including age, sex, diagnosis 

group, educational level, disposable income, smoking status, alcohol consumption and 

eating habits. Residuals of the natural logarithm (ln) of inpatient duration were found to 

be normally distributed.   

 

Studies I-III explored the association between PA level, SED and mortality using Cox 

regressions. The Cox regressions were performed to explore any differences in time-to-

mortality between patients according to PA level and SED. Results from the Cox re-

gressions were presented as Hazard Ratios (HRs) with 95% CIs. HRs were considered 

to be statistically significant if the 95% confidence interval did not include 1. In both 

Studies I and II, the HRs were analysed using the same models as in the logistic re-

gressions. In Study III, Cox regressions were performed for two models - adjusting for 

age and sex, and a fully adjusted model (age, BMI, date for MI, eGFR, sex, HQoL, 

LVEF, PCI, participation in exercise based CR, pharmacological treatment, smoking 

and STEMI). Additionally, in Studies I and III, the proportionality assumption was 

checked using the Schönfelts residuals methods. As a weak significance for all PA and 

SED categories was noted, an interaction term (time x PA and SED strata) was used in 

all analyses using Cox regression with a time-dependent covariate module.  

 

Differences in HR and OR (Studies I and II) between high and medium PA level and 

low and medium SED, were analysed as interactions based on Altman et al. (118). CIs 

including zero were interpreted as having no difference.  

 

In addition, in Study II the attributable risk (AR) of mortality in different PA categories 

or smoking status categories was calculated by subtracting the incidence of unexposed 

(medium PA level and high PA level or never smoker and former smoker, respectively) 
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from the incidence of exposed (low PA level and smoker) patients. The attributable 

fraction (AF) was obtained by dividing the AR by the incidence of exposed patients.  

 

In Study IV, in order to analyse differences in responses for the four core questions 

within and between the four lifestyle habits of alcohol, eating habits, physical activity 

and tobacco use, differences in paired proportions and their 99 % confidence intervals 

(CI) were calculated (119). CIs including zero were interpreted as having no difference. 

Additionally, to assess relationships between the core questions for stated importance 

and clinical work, Spearman’s rho was used.   

 

Further, in Study IV, unadjusted logistic regression was used to calculate odds ratios 

(OR) for whether personal or organisational factors related to stated importance or clini-

cal work. To correct for multiple testing bias, the confidence interval (CI) was set to 

99%.  

 

Finally, in Study IV, to analyse whether current counselling practice related to the ex-

tent to which participants wanted to change to their future clinical work (‘greater extent’ 

vs. ‘to the same extent or less’), a Chi-square test was used. The level of significance 

was set to p < 0.05. 

 

5.5 Methodological considerations  

During the work with this thesis, some methodological considerations arose. 

These will be further discussed in this section.  

5.5.1 Self-reported physical activity level 

The PA and SED questions used in this thesis are commonly used in clinical practice. 

Nevertheless, they have not been validated specifically for patients with CVD. Due to 

this, we performed a pilot-study to validate these questions, specifically for this thesis 

(unpublished). Participants began to be recruited to the validation study in October 

2017, and data collection is ongoing. Participants were recruited from outpatient care at 

the Cardiac department in Stockholm.  

Inclusion criteria for the validity study were individuals aged 18-75 years with newly 

diagnosed MI and registered in SEPHIA. Individuals who were physically disabled 

(wheelchair dependent) or with reduced ability to answer the questions were excluded. 

Individuals were informed and asked about their participation by the nurse at routine 

follow-up visits at the outpatient cardiac clinic. Prior to inclusion, individuals give their 

written consent to participate.  
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Initially, participants used a self-determined PA questionnaire, with the questions used 

in SEPHIA and recommended by the National Board of Health and Welfare. An accel-

erometer activity monitor (Actigraph wGT3X BT monitor, Pensacola, Florida, USA) 

was sent to the participant’s home. Participants were encouraged to wear the monitors 

for ten consecutive days, 24 hours a day. During the same period, they noted if, when, 

what type and intensity of the PA performed, in a diary. In addition, the times they went 

to bed and woke up, and the time if they took off the accelerometer were noted. After 

the measuring period, participants returned the activity monitor and the diary by mail to 

the Swedish School of Sport and Health Science. 

 

The accelerometers and data files were handled using the software Actilife 6.13 (Acti-

Graph llC, Pensacola, Fl, USA). Data were collected with a sampling rate of 30 Hz. 

Vector magnitude measurements were reported in counts per minute (cpm). The daily 

physical activity pattern was described using the following components: percentage 

wear time spent in sedentary time (SED, 0-199 cpm), light physical activity (LIPA, 200-

2689 cpm) and moderate to vigorous physical activity (MVPA, ≥2690 cpm) (120, 121). 

Other variables included total volume of PA expressed as mean cpm over the study pe-

riod (TPA), time spent in prolonged periods of MVPA (bouts of ≥10 consecutive 

minutes, with allowance for interruption of up to 2 min of <2690 cpm) and mean num-

ber of steps per day. Minimum requirement for inclusion in the analysis was 600 

minutes of valid daily monitor wear on at least 8 days. The time between 10:00 PM and 

6:00 AM was considered night and was excluded from the analysis. 

 

Correlations between the Actigraph data and the PA and SED questions were calculated 

using Spearman’s rho. The associations were interpreted as weak (Spearman’s rho < 

0.10), modest (Spearman’s rho 0.1–0.3), moderate (Spearman’s rho 0.3–0.5), strong 

(Spearman’s rho 0.5–0.8) or very strong (Spearman’s rho 0.8–1.0) (122).  

Sixty-five individuals answered the questionnaire and provided complete accelerometer 

data. Correlations were modest to moderate (see Table 8). The strongest correlations 

were found for the physical exercise question recommended by the National Board of 

Health and Welfare and total PA recorded by the activity monitor, and for the PA ques-

tion used in SEPHIA and MVPA in bouts of 10 minutes per day (rho=0.44). Reducing 

the number of response categories slightly reduced correlation strength. For dichoto-

mised self-reported PA (as used in Study III), we performed Mann Whitney U-tests. 

Results showed significant differences for total PA (p <0.016), steps per day (p <0.013), 

MVPA in bouts min per day (p <0.023), LIPA (p <0.038) and proportion of time in 

SED (p <0.008). 
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Table 8. Concurrent validity, expressed as correlation (Spearman’s rho) for accelerome-
ter derived and self-reported estimates of PA and SED 

Questionnaire 

Time in 

SEDa  

Time in 

LIPAb   

Time 

in 

MVPAc   

Total 

PAd     

Steps 

per 

daye 

MVPA  

in 

boutsf 

The National Board of 

Health and Welfare       
Everyday physical ac-

tivity 

-0.15 0.11 0.22 0.20 0.261* 0.19 

Physical exercise -0.42** 0.34** 0.37** 0.44** 0.39** 0.26* 

Sedentary time g 0.29* -0.39** -0.02 -0.13 -0.02 0.06 

Categorised data (3 categories) 
     

Everyday physical ac-

tivity  

-0.11 0.06 0.23 0.20 0.26* 0.23 

Physical exercise  -0.37** 0.32* 0.35** 0.40** 0.40** 0.28* 

Total physical activity 

index  

-0.42** 0.35** 0.38** 0.41** 0.39** 0.21 

Sedentary time 0.26* -0.36** -0.01 -0.11 0.01 0.12 

SEPHIA 
      

Physical activity -0.24 0.13 0.35** 0.34** 0.36** 0.44** 

Categorised data (2 and 3 categories)      
Physical activity  

(2 categories) 

-0.34** 0.27* 0.25 0.31* 0.32* 0.29* 

Physical activity  

(3 categories) 

-0.26* 0.16 0.35** 0.35** 0.37** 0.41** 

*. Correlation is significant at the 0.05 level (2-tailed). **. Correlation is significant at the 0.01 

level (2-tailed). 
a Sedentary time, proportion (%) of time. b light physical activity, proportion (%) of time; c moder-

ate-vigorous physical activity, proportion (%) of time; d total volume of physical activity (vector 

magnitude) expressed as mean cpm over the study period,  e mean steps per day f the mean daily 

time (in minutes) of MVPA in ≥10 minute bouts.  g the scale was inverted form the original ques-

tion. 

 

5.5.2 Cox regressions with time-dependent covariates 

In contrast to Studies I and III, in Study II, Cox regressions were made without time-

dependent covariates. In this thesis, for Study II, results of the Cox regressions with 

and without the time-dependent covariate will be presented. The Schönfeldts residuals 

were only borderline significant, indicating that the HRs were almost proportional and 

therefore the effect of the time-dependent covariate was limited. The results are pre-

sented in “Physical activity level and smoking status as predictors of mortality post” 
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5.5.3 Sensitivity analysis  

This thesis focuses on the link between PA level and CVD. This link consists of a series 

of mechanisms and mediators constituting the pathway to the disease. The inclusion of 

these mechanisms and mediators represents another field of research and is outside the 

scope of this thesis. However, it is interesting to investigate the link between PA level 

and CVD in subgroups based on these mechanism. Having high levels of LDL or being 

diagnosed with diabetes mellitus type II or hypertension are examples of intermediate 

risk factors affecting the association between PA level and mortality. Because of this, in 

Study II, a sensitivity analysis was performed comparing the effect of the association 

between PA level and survival using Cox regressions with time-dependent covariates. 

Individuals were categorised as: LDL-C <1.8 mmol/l and ≥1.8 mmol/l, and diagnosed 

with hypertension or diabetes mellitus type II or not. The results are shown in “Physical 

activity level and smoking status as predictors of mortality post”. 

 

In Study I, there was a risk that individuals with severe disease had a lower preceding 

PA level as well as a higher risk of premature mortality. Therefore, in this thesis, two 

additionally fully adjusted Cox regressions were performed, excluding individuals with 

short time survival (28 days and 49 days, respectively). Number of days were chosen 

based on recommendations from the National Board of Health and Welfare (28 days) 

and for comparison with Study II (49 days). The results are shown in “Preceding physi-

cal activity level and sedentary time as predictors of mortality”.  

 

5.6 Ethics 

Suffering from a chronic disease can contribute to a personal crisis and a feeling of los-

ing personal autonomy. The healthcare sector faces an important ethical issue of re-

specting the patient’s autonomy and integrity while not exposing the patient to any 

harm. Healthy lifestyle habits are crucial in primary and secondary prevention of CVD, 

and both the WHO and Swedish government advocate a more health-oriented healthcare 

sector (89, 123). While it is arguable whether one should ask and record patients' life-

style habits (124), previous surveys show that patients want to discuss their lifestyle 

habits with healthcare professionals (92, 93). Further, in order to provide support to in-

dividuals who need to change their unhealthy lifestyle habits, healthcare professionals 

need to start asking questions about lifestyle habits. It can even be considered unethical 

that individuals with an unhealthy lifestyle habit are not given the opportunity to change 

it. It is important though that healthcare professionals always focus on individual-cen-

tred counselling, are aware of the patient's desire to obtain support in order to increase 

their PA level, and don’t engage in patient blame. The purpose of health-promoting 

counselling should be to increase patient autonomy, giving the patient the knowledge, 

support and tools to improve his or her own health (40). 
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In all studies, participants were informed that they had the right to cease participating in 

the study at any time. Their integrity was guaranteed since all data were coded and sta-

tistical analyses were performed at group level, making it unlikely that any individual 

could be identified. The patients (Studies I-III) were treated according to current rou-

tines within the healthcare sector and medical services regulation, and the research pro-

ject did not add any risk of harm. Studies I-III contain data concerning patients’ PA 

level, which could be perceived as being intrusive. We believe, however, that the bene-

fits of increased knowledge about individuals in need of support to increase their PA 

level outweigh any possible damage. Study IV explores healthcare professionals’ atti-

tudes and clinical work with patients' lifestyle habits. There is a risk that healthcare pro-

fessionals may feel that their professional opinions and abilities are questioned when an-

swering the questionnaire on their clinical work. However, since participation is volun-

tary and no individuals can be identified when reporting the results, the risk of harm is 

considered to be small. 

 

Ethical approval for the four studies was obtained from Stockholm’s regional ethical re-

view board: Study I (Dnr: 2016/1057-31/5), Studies II-III (Dnr: 2013/2067-31) and 

Study IV (Dnr: 2015/580-31/5). In addition, for Study I, Karolinska University Hospi-

tal approved data collection from medical records (Nr: 102227) and The National Board 

of Health and Welfare and Swedish Statistics approved the merge with their registers 

(Dnr: 14385/2018 and Nr: 246335, respectively). Further, ethical approval for the study 

validating the PA questions was obtained from Stockholm’s regional ethical review 

board (Dnr: 2016/2409-31/1).  
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6 RESULTS 

This section presents the main results. Detailed results for each study are given in the 

publications and manuscript at the end of the thesis. 

 

6.1 Characteristics of study population  

6.1.1 The Stockholm cohort 

A total of 1816 individuals were treated on cardiac wards during the inclusion period. 

Of those, 204 individuals were not asked to participate or did not want to participate 

(dropout). Further, 464 individuals were excluded due to did not fulfill the inclusion cri-

teria. This gave a study population of 1148 individuals ( Figure 4). 

 

 

Figure 4. Recruitment of the Stockholm cohort. 
a Individuals were regarded as drop-outs if they declined to participate for some reason, or were 

not asked. b Excluded due to not fulfilling one or several inclusion criteria. 

 

The study population consisted of 61% men and the median age was 70 years. For fur-

ther information on baseline characteristics and distribution for the different diagnosis 

groups, see Table 9.   
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Table 9. Baseline characteristics of the Stockholm cohort 

 

1  Other, the four largest groups were :Chest or abdominal pain (n=52), other diseases in the circulatory system (n=49), syncope (n=32), respiratory disease 

(n=9). 2 Education level: Primary school (9 years), Secondary school (12 years), Higher vocational education/University (> 12 years). 3 Disposable annual 

income: low ≤203 040 SEK, medium= 203 041-676 799 SEK, high ≥ 676 800 SEK. 4 Smoking: never smoker, former smoker (including > 6 months after 

quitting), smoker current (including ≤ 6 months after quitting). 5 Eating habits (0-12 points): considerably unhealthy eating habits ≤4 points, moderately 

healthy eating habits =5-8 points, follows the eating habit recommendations ≥9 points. 6 Alcohol:  ≥ 40 women/ ≥ 50 millilitres pure alcohol on the same 

occasion at least once a month. 

Total 

n=1148 (%)

Ischemic heart disease 

n=396 (%)

Heart failure 

n=147 (%)

Cardiac arrhythmias 

n=282 (%)

Valvular heart disorder 

n=108 (%)

Inflammatory 

heart diseases  

n=59 (%)

Other 
1 

n=156 (%)

Sex, men 703  (61) 279 (71) 105 (71) 153 (54) 61 (57) 32 (54) 73 (47)

Age, median (IQR) 70 (IQR 19) 69 (IQR 17) 74 (IQR 15) 69 (IQR 11) 82 (IQR 12) 58 (IQR 30) 62 (IQR 26)

Education level
2

Primary school 294 (26) 112 (28) 58 (40) 55 (20) 29 (27) 12 (20) 28 (18)

Secondary school 465 (41) 155 (39) 53 (36) 113 (40) 42 (39) 30 (51) 72 (46)

Higher vocational 

education/University
389 (34) 129 (33) 36 (25) 114 (40) 42 (34) 17 (29) 56 (36)

Disposable income
3

Low 600 (52) 207 (52) 102 (69) 117 (42) 77 (71) 33 (56) 64 (41)

Medium 492 (43) 168 (42) 44 (30) 146 (52) 26 (24) 22 (37) 86 (55)

High 56 (5) 21 (5) 1 (1) 19 (7) 5 (5) 4 (9) 6 (4)

Inpatient duration, days 2 (IQR 3) 3 (IQR 3) 3 (IQR 4) 2 (IQR 2) 3 (IQR 3) 3 (IQR 3) 1.5 (IQR 2)

Smoking
4

Never smoker 466 (41) 139 (35) 55 (38) 134 (48) 44 (41) 24 (41) 70 (45)

Former smoker 513 (45 159 (40) 76 (52) 126 (45) 56 (52) 25 (42) 71 (45)

Smoker 169 (15) 98 (25) 16 (11) 22 (8) 8 (7) 10 (17) 15 (10)

Eating habits
5

Considerably unhealthy 

eating habits
181 (16) 72 (18) 27 (18) 29 (10) 13 (12) 11 (19) 29 (19)

Moderately health eating 

habits 
676 (59) 233 (59) 91 (62) 168 (60) 68 (63) 35 (59) 81 (52)

Follows the eating habit 

recommendations 
291 (25) 91 (23) 29 (20) 85 (30) 27 (25) 13 (22) 46 (30)

Hazardous use of  alcohol
6 216 (19) 79 (20) 23 (16) 57 (20) 10 (9.3) 22 (37.3) 25 (16)
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Included individuals differed from drop-outs and excluded individuals regarding the 

main diagnosis at discharge. Furthermore, the drop-out group was significantly older 

than the included group (median age 73 years (IQR 19) vs 70 years (IQR 20), respec-

tively). For further information regarding differences in diagnoses, see Paper I.  

6.1.2 The SWEDEHEART cohort 

A total of 48 718 patients were treated for MI in Swedish coronary care units and in-

cluded in the SWEDEHEART register during the study period (Studies II and III). For 

Study II, a total of 30 614 individuals were included. Of these, 11066 patients were in-

cluded in the standardised 5-year follow-up analysis, and complete data on readmission 

rates were available for 22049 individuals. Study III consisted of 22 227 individuals 

(Figure 5).  

 

 

Figure 5. Recruitment of patients diagnosed with myocardial infarction in the SWEDE-
HEART cohort (Studies II and III) 

 

Individuals included in Studies II and III had a median age of 63 years and 74 % were 

men. Participant characteristics are given in  

 

Table 10. There were very small, albeit statistically significant, differences between in-

cluded and excluded individuals. The only parameter that did not differ between the 

original SWEDEHEART population and the study population included in Study III 

was age. Furthermore, in Study II, there were no sex differences between the included 
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and excluded individuals in the five-year cohort. For more detailed information on dif-

ferences between individuals with different PA levels, hospital readmission vs non-hos-

pital readmission and survivors vs non-survivors, see Papers II and III.  

 

Table 10. Baseline characteristics of the SWEDEHEART cohort 

 

Note: The same individual can be included in different sub-populations.   
a ST elevation myocardial infarction b Percutaneous coronary intervention c Left ventricular ejec-

tion fraction.. d No smoking during the previous month. e Health-related quality of life. f Esti-

mated glomerular filtration rate. g ACE-inhibitors, beta-blocking agent, statins or other lipid-low-

ering agents and anti-thrombogenic agents. h Started exercise-based CR post MI (measured at the 

second SEPHIA follow-up).  i There was a small internal dropout in some variables. 

6.1.3 The healthcare professional population 

The study population consisted of 251 healthcare professionals, giving a response rate 

of 87 % (Figure 6). No significant differences regarding sex or profession were found 

between the non-included (dropouts, did not have patient contact, or did not answer the 

core questions) and the included study responders.  

 

Study III

Study population  

n= 30614            

Sex, male 35566 (73) 22608 (74) 8140 (74) 16313 (74) 16421 (74)

Age, years 63 (IQR 13) 63 (IQR 12) 62 (IQR 12) 63 (IQR 13) 63 (IQR 14)

STEMI
a 19874 (41) 12995 (42) 4780 (43) 9391 (43) 9435 (42)

PCI
b 37739 (78) 24416 (79) 8394 (76) 17582 (80) 17714 (80)

LVEF
c 

> 50% 27035 (56) 20394 (67) 7035 (64) 14749 (67) 14873 (67)

40-49% 8432 (17) 6176 (20) 2413 (22) 4460 (20) 4494 (20)

30-39% 4429 (9) 3192 (10) 1284 (12) 2274 (10)

< 30% 1268 (3) 852 (3) 334 (3) 566 (3)

Body Mass Index 27 (IQR 5) 27 (IQR 5) 27 (IQR 5) 27 (IQR 5) 27 (IQR 5)

Smoking status 

Never smoker 13859 (28) 9849 (32) 3427 (31) 7200 (33) 7280 (33)

Former smoker
d 23830 (49) 17183 (56) 6325 (57) 12438 (56) 12533 (57)

Smoker 5032 (10) 3582 (12) 1314 (12) 2411 (11) 2414 (11)

HQoL
e 0.85 (IQR 0.27) 0.85 (IQR 0.27) 0.85 (IQR 0.27) 0.73 (0.25) 0.85 (IQR 0.27)

eGFR
f
 <60 mL/(min x1.73m

2
) 3642 (8) 2221 (7) 841 (8) 1542 (7) 1787 (8)

Full pharmacological treatment
g    29135 (60) 21300 (70) 7197 (65) 15352 (70) 15479 (70)

Particpiate in exercise-based 

CR
h 

15 294 (43) - - - 8288 (37)

Study II

2860 (13)

   Original 

Swedeheart 

population         

n= 48718
i

5 year cohort   

n=11066

Readmission cohort    

n=22049

Study population    

n= 22 227
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Figure 6. Flowchart of participant recruitment. 

 

Among the included participants, the majority were women working in inpatient care. 

One third were physicians, and more than 40 % had worked less than ten years (Table 

11). One fifth perceived that the cardiology department had clear routines for promoting 

healthy eating habits, tobacco cessation and physical activity. However, less than one 

tenth reported that they perceived clear routines for promoting healthy lifestyles in 

terms of alcohol consumption (Table 11). A minority reported perceiving clear objec-

tives and management support, most frequently for tobacco cessation followed by the 

promotion of physical activity levels and eating habits, and less for the reduction of haz-

ardous alcohol consumption (Table 11).  

 

  



 

 46 

Table 11. Characteristics of participants divided into physicians vs. other healthcare 
professionals 

  Total         

n=251 (%) 

Physician     

n= 78 (%) 

Other                

n= 173 (%)# 

Workplace       

  Inpatient cardiac care 199 (80)  59 (78)   140 (81) 

Sex       

  Female 196 (78) 33 (42) 163 (94) 

Age       

  ≤39 years 111 (45) 31 (40) 80 (47) 

Years in profession       

  ≤ 19 years 177 (71) 56 (72) 121 (70) 

Perceived clear routines †       

Alcohol 18 (7) 9 (12) 9 (5) 

Eating habits 49 (20) 13 (17) 36 (22) 

Physical activity 53 (22) 16 (21) 37 (22) 

Tobacco 49 (20) 20 (26)  29 (18) 

Perceived clear objectives ‡       

Alcohol 33 (14) 16 (21) 17 (10) 

Eating habits 47 (20) 16 (21) 31 (19) 

Physical activity 63 (26) 24 (32)  39 (24) 

Tobacco 88 (36) 47 (62) 40 (24) 

Perceived strong management support ‡     

Alcohol 23 (10) 10 (14) 13 (8) 

Eating habits 30 (13) 11 (15) 19 (12) 

Physical activity 37 (16) 15 (20) 22 (14) 

Tobacco 53 (22) 31 (42) 22 (14) 

Note: There was an internal dropout in some questions as not all participants answered all ques-

tions.  

 # Nurses, assistant nurses, physiotherapists, dieticians, occupational therapists, social workers, 

psychologists, biomedical analysts and unknown; † ‘To a great extent’ vs. ‘to some extent’, ‘to a 

minor extent’ and ‘very little/not at all’; ‡ 1 (‘Totally agree’) vs. 2- 6 (‘Do not agree at all’). 
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6.2 Physical activity level and sedentary time 

6.2.1 Physical activity level and sedentary time pre-hospitalisation 

In the Stockholm cohort, individuals were more physically active in everyday PA, than 

performed physical exercise. More than half the group stated that they did not perform 

any physical exercise, yet more than one third had a high level of everyday PA and 

spent at least 150 minutes in everyday PA per week. When using the PA index to assess 

total PA level, approximately 44% were categorised as nine points or higher at the total 

PA index and considered as sufficiently physically active. In addition to exploring dif-

ferent types of PA, SED was investigated. Approximately half the study population 

stated that they had a medium or high level of SED (≥ 7 hours/day), which is considered 

as a risk of developing morbidity and premature mortality. There were differences in PA 

level (everyday PA, physical exercise and total PA) and SED between the various cardi-

ovascular diagnoses, with individuals with HF and valvular heart disorder being more 

inactive and having higher levels of SED. Further details of differences are described in 

Table 12. 
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Table 12. Preceding physical activity level (physical exercise, everyday PA and total PA level) and sedentary time in the study population 
and by the different diagnosis groups 

  Total 

n=1148 

Ischemic 

heart disease 

n=396a 

Heart failure 

n=147b 

Cardiac  

arrhythmias 

n=282c 

Valvular heart  

disorder  

n=108d 

Inflammatory 

heart diseases 

n=59e   

Other‡  

n=156f 

Physical exercise, per week 
      

Low 0 min 640 (56)   232 (59)f 100 (68)c e f 135 (48)   81 (75)a c e f    27 (45)   65 ( 42)  

Medium < 60 min 298 (26)   103 (26)  34 (23)   69 (25)  22 (20)   17 (29)   53 ( 34)  

High 60-120 min 210 (18)   61 (15)d 13 (9)   78 (28)a b d 5 (5)   15 (25)b d    38 (24)b d    

Everyday physical activity, per week 
     

Low < 30 min 241 (21)   76 (19)   60 (41)a c e f  41 (15)   28 (26)   10 (179)   26 (17)   

Medium 30-149 min 500 (44)   172 (43)   55 (37)   135 (48)   47 (44)   22 (37)   69 (44)   

High ≥ 150 min 407 (36)  148 (37)b  32 (22)   106 (38)b   33 (31)   27 (46)b   61 (39)b  

Total activity level, per week† 
      

Low 3-6 points 409 (36)  142 (36)c 78 (53)a c e f   69 (25)   59 (55)a c e f 15 (25)   46 (30)   

Medium 7-9 points 382 (33)   138 (35)   44 (30)   104 (37)   31 (29)   20 (34)   45 (29)   

High ≥ 10 points 357 (31)   116 ( 29)   25 (17)   109 (39)b d   18 (17)   24 (41)b d   65 (42)b d   

Sedentary time, per day 
      

High ≥ 10 hrs 313 (27)   96 (24)   60 (21)a c f  66 (23)   36 (33)   18 (30.5)   37 (24)  

Medium 7-9 hrs 275 (24)   103 (26)   28 (19)   72 (26)   32 (30)   14 (23.7)   26 (17)   

Low ≤ 6 hrs 560 (49)   197 (50)   59 (40)   144 (51)   40 (37)   27 (46)   93 (60)b d   

Note: Each subscript letter (a-f) denotes a subset of diagnosis group category whose column proportions was significantly larger from each other with Bon-

ferroni correction. † The questions regarding physical exercise and everyday PA formed an index (3-19 points) of total PA level. This was obtained by multi-

plying category of exercise (one to six) by two (to account for a proposed higher intensity) and then adding the category of everyday PA (one to seven). ‡ 

The four largest groups were: chest or abdominal pain (n=52), other diseases in the circulatory system (n=49), syncope (n=32) and respiratory disease (n=9).  
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6.2.2 Physical activity level and changes in physical activity post myocardial 

infarction 

In the SWEDEHEART cohort (Studies II and III), approximately one fifth stated that 

they had a low PA level and were physically active at most once a week 6-8 weeks post 

MI. However, in Study II, half of the participants were categorised as achieving inter-

national PA recommendations. Stating that they performed 5–7 PA sessions (≥moderate 

intensity) per week of at least 30 minutes (Table 13). Study III showed that the major-

ity did not change their PA level during the first year post MI (Table 13). There were 

differences in PA level between individuals included in Studies II and III compared to 

the original SWEDEHEART cohort (see Papers II and III) and between individuals with 

various PA levels, or changes in PA level (see Paper III).  

 

Table 13. Overview of physical activity level and changes in physical activity level the 
first year post myocardial infarction 

Study II                                    Study III 

  Physical activity 

level, 

Physical activity level, Physical activity level, ~12 months 

post MI 

  6-8 weeks post 

MI 

6-8 weeks post MI       

          Constantly  

inactive 

Increased  

activity  

Lowa 6434 (21%) Lowa 4445 (20%) → 2361 (11%) 1998 (9%) 

Mediumb 8815 (29%)       Constantly  

active 

Reduced  

activity 

Highc 15 365 (50%) Highd 17782 (80%) → 14450 (65%) 3418 (15%) 
a Low= 0–1 sessions/week; b Medium= 2–4 sessions/week; c, d high= (was defined differently in 

Studies II and III) c 5–7 sessions/week, d 2-7 sessions/week. 

 

6.3 Physical activity level and sedentary time as predictors of hospital care 

utilisation 

6.3.1 Correlation between preceding physical activity level, sedentary time and 

hospital duration  

In the Stockholm cohort, median inpatient cardiac ward duration was 2.1 days (IQR 3). 

There were bivariate correlations between inpatient duration and all PA and sedentary 

results. From the multiple linear regression, inpatient duration was 0.92, 0.91 and 0.91 

days shorter for each higher category of physical exercise, everyday PA and total PA 

level, respectively. With one lower SED category, hospital duration was on average 

0.92 days shorter (Figure 7).  
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Figure 7. Duration of hospitalisation among individuals with different diagnoses, different physical activity levels (physical exercise, every-
day PA, total PA), and sedentary time
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6.3.2 Preceding physical activity level and sedentary time as predictors of hospital 

readmission  

In the Stockholm cohort, of the total number of patients, 692 individuals (60 %) had at 

least one hospital readmission during the follow-up (median 338 days to first readmis-

sion or end of study). For information on differences between individuals with and 

without readmission, see Paper II.  

 

Table 14 describes ORs for different PA and SED levels. In the unadjusted and adjusted 

analyses, the risk of being readmitted to hospital was lower for individuals reporting 

high or medium levels of everyday PA compared to low. For physical exercise, ORs 

were lower for individuals with high levels of exercise compared to individuals with 

low levels of exercise in the unadjusted model. For total PA level, individuals with high 

PA levels had lower ORs for readmission compared to individuals with a low total PA 

level in both the unadjusted analysis and the age and sex adjusted analysis. In the unad-

justed and adjusted analyses, individuals reporting medium or low SED had a decreased 

risk of readmission compared to those with a high level of SED. The relationship be-

tween everyday PA, physical exercise, total PA level, SED and risk of readmission did 

not differ between the diagnosis groups (Table 14). 
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Table 14. Unadjusted and adjusted odds ratios (OR with 95% CIs) for readmission 
among patients (n=1148) diagnosed with CVD with different levels of physical activity 
and sedentary time 

 
Unadjusted  Adjusted ORa  Adjusted ORb  

Everyday physical activity (per week)    

Low (≤ 29 minutes) 1.00 Reference 1.00 Reference 1.00 Reference 

Medium (30-149 minutes) 0.56 (0.40-0.78) 0.57 (0.41-0.80) 0.58 (0.41-0.82) 

High (≥ 150 minutes) 0.44 (0.31-0.62) 0.47 (0.33-0.67) 0.48 (0.33-0.68) 

    

Physical exercise (per week)    

Low (0 minutes) 1.00 Reference 1.00 Reference 1.00 Reference 

Medium (<60 minutes) 0.88 (0.66-1.17) 0.90 (0.67-1.20) 0.91 (0.68-1.23) 

High (≥60 minutes) 0.63 (0.46-0.86) 0.80 (0.57-1.11) 0.83 (0.59-1.17) 

    

Total physical activity level c (per 

week) 
   

Low (3-6 points) 1.00 Reference 1.00 Reference 1.00 Reference 

Medium (7-9 points) 0.77 (0.58-1.03) 0.78 (0.58-1.04) 0.79 (0.59-1.06) 

High (≥10) 0.62 (0.47-0.84) 0.73 (0.54-0.99) 0.75 (0.55-1.03) 

    

Sedentary time (per day) 
   

High (≥ 10 hours) 1.00 Reference 1.00 Reference 1.00 Reference 

Medium (7-9 hours) 0.67 (0.50-0.90) 0.69 (0.51-0.93) 0.69 (0.51-0.93) 

Low (0-6 hours)  0.56 (0.40-0.79) 0.57 (0.41-0.81) 0.58 (0.42-0.83) 

Note: significant differences, p<0.05, are indicated in italics. 
a Adjusted for age and sex. b Adjusted for age, disposable income, eating habits, educational level, 

diagnosis group, hazardous use of alcohol, sex and smoking status. c The physical exercise and 

everyday physical activity question formed an index (3-19 points).  

6.3.3 Physical activity level and smoking status post myocardial infarction as 

predictors of readmission  

In the SWEDEHEART cohort, during the first year post-MI (Study II), there were a to-

tal of 2556 individuals (11.6%) with one or several readmissions to hospital due to 

CVD. There were 3224 (14.6%) patients with readmissions due to non-CVD. There 

were significant differences between individuals with and without readmission, alt-

hough the differences were not clinically relevant (see Paper II). 
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The risk of readmission due to CVD or non-CVD related causes was lower for individu-

als with medium and high PA levels compared to low PA. This association remained in 

the adjusted models (Figure 8). There were no differences in the estimated OR between 

medium and high PA levels. In contrast, a significant association between smoking sta-

tus and readmission for either CVD or non-CVD could not be shown in the unadjusted 

model. If anything, in the fully adjusted models, never smokers seemed to have a 

slightly higher risk of CVD and non-CVD readmission, with no differences between 

never smokers and former smokers (Figure 8).  

 

 

Figure 8. Odds ratios (OR with 95% CIs) for readmission (due to non-CVD n=3224, 
and CVD n=2556) among patients (n= 22 049) with different physical activity levels 
and smoking status. 

a Adjusted for age and sex. b Further adjusted for ST elevation myocardial infarction, percutane-

ous coronary intervention, left ventricular ejection fraction, body mass index, health-related qual-

ity of life, estimated glomerular filtration rate and full pharmacological treatment.  

 

6.4 Physical activity level and sedentary time as predictors of mortality 

6.4.1  Preceding physical activity level and sedentary time as predictors of 

mortality  

In the Stockholm cohort, the median follow-up time (i.e. time between the end of treat-

ment on the cardiac ward and date of death or end of study) was 942 days. A total of 
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200 deaths occurred during the study period. Total risk time was 2962 person-years 

with an incidence of 68 cases per 1000 person-years. Incidence varied between different 

PA and sedentary groups (Figure 9). Differences at baseline between survivors and non-

survivors are described in Paper I.  

 

HRs of mortality were lower for individuals with high and medium everyday PA levels 

compared to those with low levels in the unadjusted and adjusted analyses. In the unad-

justed analysis, mortality risk was lower in individuals with medium or high levels of 

physical exercise compared to those with low levels of physical exercise. The decreased 

risk remained in the adjusted analyses, except in the fully adjusted model for individuals 

with a high level of physical exercise (Figure 9). Further, for total PA level, the risk was 

lower for individuals reporting medium or high PA levels compared to low in both the 

unadjusted and adjusted models. Moreover, individuals with a low or medium level of 

SED had a lower HR compared to those with high SED, except for those individuals 

categorised as exhibiting a medium level of SED in the fully adjusted model (Figure 9). 

On looking at the risk of mortality between the diagnosis groups, no difference across 

PA and SED was found. 

 

 

Figure 9.  Incidence (cases per 1000 person years) and hazard ratios (HR with 95% CIs) 
for mortality (200 deaths) among patients (n=1148) with different PA levels treated on a 
cardiac ward.   

a Adjusted for age and sex. b Adjusted for age, disposable income, eating habits, educational level, 

sex, diagnosis group, hazardous use of alcohol and smoking status. c Physical exercise, an average 

week: low (0 minutes), medium (<60 minutes), high (≥60 minutes). d Everyday physical activity, 
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an average week: low (≤ 29 minutes), medium (30-149 minutes), high (≥ 150 minutes). e Index of 

total physical activity level - the physical exercise and everyday physical activity question formed 

an index (3-19 points) of total physical activity level an average week: low (3-6 points), medium 

(7-9 points) and high (≥10). f Sedentary time, an average day: high (≥ 10 hours), medium (7-9 

hours), low (0-6 hours). 

 

As mentioned in the methodological considerations, in the Stockholm cohort, the fully 

adjusted analysis excluded individuals with short time survival in order to decrease the 

risk of reversed causality. A total of 19 and 28 individuals were excluded when the in-

clusion criteria was changed to survival for at least the first 28 and 49 days, respec-

tively. This led to a slightly lower incidence of 61 and 51 cases per 1000 person years, 

respectively. In this fully adjusted analyses, as was seen in our previous analysis, HRs 

for medium and high everyday PA levels were lower than for low everyday PA levels. 

Additionally, HRs for both medium and high levels of physical exercise were lower 

than for low levels of physical exercise. This lower risk was also seen in the >28 days 

survival cohort among individuals with low, or medium levels of SED (Table 15).  

 

Table 15. Hazard ratios (HR with 95% CIs) for mortality in the Stockholm cohort; indi-

viduals who survived ≥ 28 and 49 days respectively with different levels of physical ac-

tivity and sedentary time 

 

Stockholm cohort 

n=1148 

HR a (95% CIs) 

> 28 days  

survivors  

n= 1129 

HR a (95% CIs)  

>49 days  

survivors 

n= 1120 

HR a (95% CIs)  

Physical exercise, per week    

Low 0 min 1.0 Reference 1.0 Reference 1.0 Reference 

Medium < 60 min 0.59 (0.40-0.89) 0.46 (0.30-0.69) 0.48 (0.32-0.74) 

High 60-120 min 0.58 (0.33-1.04) 0.54 (0.31-0.96) 0.53 (0.30-0.96) 

Everyday physical activity, per week  

Low < 30 min 1.0 Reference          1.0 Reference 1.0 Reference 

Medium 30-149 min 0.63 (0.45-0.87) 0.62 (0.44-0.87) 0.61 (0.43-0.87) 

High ≥ 150 min 0.47 (0.32-0.68) 0.48 (0.32-0.71) 0.48 (0.32-0.71) 

Total activity level, per week†    

Low 3-6 points 1.0 Reference 1.0 Reference 1.0 Reference 

Medium 7-9 points 0.62 (0.45-0.85) 0.71 (0.51-0.98) 0.71 (0.51-0.99) 

High ≥ 10 points 0.58 (0.37-0.90) 0.43 (0.27-0.68) 0.44 (0.27-0.69) 

Sedentary time, per day    

High ≥ 10 hrs 1.0 Reference 1.0 Reference 1.0 Reference 

Medium 7-9 hrs 0.90 (0.62-1.30) 0.68 (0.47-0.99) 0.70 (0.48-1.02) 

Low ≤ 6 hrs 0.57 (0.41-0.80) 0.42 (0.30-0.59) 0.43 (0.30-0.61) 

Note: Data for the Stockholm cohort are additionally reported in Figure 9. Significant differ-

ences, p<0.05, are indicated in italics.  
a Adjusted for age, disposable income, eating habits, educational level, diagnosis group, hazard-

ous use of alcohol, sex and smoking status.  
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6.4.2 Physical activity level and smoking status as predictors of mortality post 

myocardial infarction 

In the SWEDEHEART cohort (Study II), all variables at baseline differed statistically 

(p < 0.05) between survivors and non-survivors, although the difference was not clini-

cally relevant (see Paper II). Patients with MI were followed for a median duration of 

3.58 years. A total of 1702 deaths occurred during the study period. The total risk time 

was 120 443 person-years and the mortality rate was calculated as 14 cases per 1000 

person years. 

The AFs for patients with low PA levels, compared with patients with medium and high 

PA levels, were 61 and 64%, respectively. The HRs were lower for medium and high 

PA levels than for low PA level in both the unadjusted and adjusted models 

Similar figures were found in the standardised 5-year follow-up group. There was no 

significant difference in HR between medium and high PA levels (Table 16). In addition 

to the results in Study II, Cox regressions with a time dependent covariate were added 

to the fully adjusted model in this thesis. This analysis showed no significant differ-

ences in HRs between models with and without time-dependent covariate (Table 16, 

Figure 10). 

 

The AFs for smokers, compared with former and never smokers, were 43.4 and 55.5%, 

respectively. In unadjusted and adjusted analyses, HRs were lower among never smok-

ers and former smokers than smokers, both in the complete study population and in the 

5-year follow-up group (Table 16, Figure 10). Further, the risk of premature death was 

lower in never smokers compared to former smokers (p < 0.05) (Table 16).  
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Table 16. Incidence (cases per 1000 person years), unadjusted and adjusted hazard ratios (HR with 95% CIs) for post myocardial infarction 
mortality in the study population (1702 deaths) and in the five-year standardised cohort (754 deaths) with different physical activity levels 
and smoking status 

 

Note: significant differences, p<0.05, are indicated in italics. 
a Adjusted for age and sex. b Further adjusted for ST elevation myocardial infarction, percutaneous coronary intervention, left ventricular ejection fraction, 

body mass index, health-related quality of life, estimated glomerular filtration rate and full pharmacological treatment. c Further adjusted with time-depend-

ent covariate. d Physical activity level: low = 0-1 sessions/week; medium = 2-4 sessions/week and high = 5-7 sessions/week. e No smoking during the last 

month. † Differences (p < 0.05) between former smokers and never smokers.  

Variable Incidence Unadjusted HR Adjusted HR
a 

Adjusted HR
b 

Adjusted HR
c Unadjusted HR Adjusted HR

a 
Adjusted HR

b 

Physical activity level
d

Low 28.37 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Medium 11.13 0.39 (0.35-0.45) 0.42 (0.37-0.47) 0.52  (0.46-0.60) 0.47 (0.40-0.54) 0.40 (0.34-0.49) 0.44 (0.36-0.53) 0.55 (0.46-0.67)

High 10.20 0.36 (0.32-0.40) 0.37 (0.33-0.41) 0.50 (0.45-0.56) 0.39 (0.32-0.48) 0.34 (0.29-0.40) 0.35 (0.30-0.42) 0.50 (0.42-0.59)

Smoking status 

Smokers 24.36 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Former smokers
e 13.79 0.56 (0.49-0.63) 0.45 (0.40-0.51) 0.50 (0.44-0.57) 0.50 (0.44-0.57) 0.56 (0.46-0.67) 0.56 (0.47-0.67) 0.50 (0.42-0.61)

Never smokers 10.84 0.45 (0.39-0.52) †0.32 (0.28-0.37) †0.38 (0.33-0.44) † 0.38 (0.33-0.44) 0.44 (0.36-0.55) † 0.44 (0.36-0.55) † 0.37 (0.29-0.46) †

Five-year mortality cohort (n = 11066)Study population (n = 30 614)
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Figure 10. All-cause mortality in fully adjusted analyses among individuals with differ-
ent physical activity levels and smoking status. 

 

Study III showed that mortality was related to activity level both during 6-8 weeks of 

outpatient care, and at one-year follow-up. In the analysis adjusted for age and sex, ac-

tive patients had lower mortality at both assessment periods, with HR 0.42 (0.38–0.48) 

and 0.41 (0.36–0.46) for the first and second assessment, respectively. In the fully ad-

justed analysis, corresponding HR values were 0.58 (0.51–0.67) and 0.53 (0.47–0.60), 

for the first and second assessment, respectively. 

 

In order to explore whether the presence of different intermediate risk factors (LDL 

≥1.8 mmol/l, diabetes mellitus type II and hypertension) affected the results, additional 

sensitivity analyses based on data from Study II were performed for the fully adjusted 

models with time-dependent covariates. No differences in the effect of PA within the 

different intermediators were found (Table 17). 
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Table 17.  Fully adjusted hazard ratios (HR with 95% CIs) for post myocardial infarc-

tion mortality in the SWEDEHEART cohort (Study II, 1702 deaths) with different 

physical activity levels stratified by the intermediate risk factors (LDL ≥1.8 mmol/l, dia-

betes mellitus type II and hypertension) 

  

Low physical  

activity level a 

Medium physical  

activity level b 

High physical  

activity level c 

LDL cholesterol, ≥1.8 mmol/l (n=25 707)   
Yes 1.00 Reference 0.48 (0.40-0.58) 0.42 (0.32-0.54) 

No 1.00 Reference 0.51 (0.32-0.83) 0.43 (0.22-0.84) 

Diabetes mellitus type II (n=30 273)   
Yes 1.00 Reference 0.45 (0.33-0.61) 0.48 (0.32-0.71) 

No 1.00 Reference 0.49 (0.41-0.59) 0.40 (0.31-0.51) 

Hypertension (n=30 185)    
Yes 1.00 Reference 0.46 (0.37-0.57) 0.42 (0.32-0.56) 

No 1.00 Reference 0.47 (0.38-0.58) 0.37 (0.28-0.50) 

Note: significant differences, p<0.05, are indicated in italics. 
a Low = 0-1 sessions/week; b medium = 2-4 sessions/week; c high = 5-7 sessions/week.  

6.4.3 Changes in physical activity level post myocardial infarction as a predictor of 

mortality  

In the SWEDEHEART cohort, changes in PA level during the first year post MI were 

explored and its association to mortality (Study III). The mean follow-up time was 

1635 days, or 4.2 years. A total of 1087 deaths occurred during the study period. Total 

risk time was 100 502 person-years and mortality rate was calculated as 11 cases per 

1000 person years.  

 

In the fully adjusted model, HRs for mortality were lower for the constantly active pa-

tients and those individuals with increased or decreased activity than those who were 

constantly inactive. However, HRs for patients who increased, and patients who de-

creased, their PA levels did not differ. Constantly active patients had lower HRs than in-

dividuals with decreased PA levels. Finally, HRs for patients who increased their PA 

levels did not differ from constantly active patients (Table 18, Figure 11). 
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Figure 11. All-cause mortality adjusted for age and sex (left) and fully adjusted (right) 
among individuals with different physical activity levels. 

 

Table 18. Unadjusted, age-sex adjusted and fully adjusted Hazard ratio (95% CI) for the 
four physical activity levels 

  Constantly  

inactive 

Reduced  

activity 

Increased  

activity 

Constantly 

active 

Unadjusted 

mortality, 

cases per 

1000 person 

years 

 

28.5 (25.3–32.0) 12.7 (11.0–14.6) 11.5 (9.4–14.0) 7.5 (6.9–8.2) 

Age-sex   

adjusted 

1.00 (Reference) 0.43 (0.35-0.53) 0.32 (0.24-0.43)  0.19 (0.14-0.26) 

1.00 (Reference) 0.83 (0.62 to 1.12) 0.54 (0.37-0.80)  
1.00 (Reference) 0.82 (0.49-1.37)      

Fully 

adjusteda 

1.00 (Reference) 0.56 (0.45-0.69) 0.41 (0.31-0.55) 0.29 (0.21-0.41) 

  
1.00 (Reference) 0.82 (0.61-1.10) 0.64 (0.43-0.94) 

      1.00 (Reference) 0.95 (0.57-1.61) 

Note: significant differences, p<0.05, are indicated in italics. 
a Fully adjusted for age, date of myocardial infarction, body mass index, estimated glomerular 

filtration rate, EuroQol-5 dimensions, left ventricular ejection fraction, sex, ST-elevation myocar-

dial infarction, percutaneous coronary intervention, smoking status, pharmacological treatment, 

participation in exercise-based CR, and an interaction term for time x physical activity strata.  

 

No interactions were found for the variables age, sex, STT changes, the use of percuta-

neous cardiac interventions, Eq-5D, eGFR, cardiac rehabilitation, smoking status, and 

pharmacological treatment. However, an interaction with LVEF was found, indicating 

that individuals with a low LVEF (<40%) were more affected by PA. They had a higher 

risk of mortality when reducing PA level compared to individuals with an LVEF of 40-
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50 %. They also had a lower risk of mortality when increasing or maintaining PA level 

compared to those with an LVEF of 40-50%. 

 

6.5 Stated importance and clinical work in promoting healthy lifestyle habits by 

healthcare professionals 

6.5.1 Stated importance and clinical work to improve patients’ lifestyle habits 

Study IV investigated healthcare professionals (in a hospital setting) stated importance 

and clinical work to promote healthy lifestyle habits. The majority of participants em-

phasized the importance of providing counselling to patients with unhealthy lifestyle 

habits within the healthcare sector in general. Importantly, there were significant differ-

ences between lifestyle habits. The proportion of healthcare professionals stating ‘high 

importance’ of providing counselling varied between 69% and 94 % (Figure 12). More 

healthcare professionals stated that they regarded counselling on tobacco cessation to be 

important compared to alcohol counselling (difference of 12 %, CI: 4 % to 19%), physi-

cal activity counselling (difference of 13 %, CI: 5 % to 20 %) or counselling on healthy 

eating habits (difference of 25 %, CI: 16 % to 34 %) (Figure 12).  

 

Further, the majority of healthcare professionals emphasized the importance of provid-

ing counselling to patients with unhealthy lifestyle habits within their own clinical work. 

Proportions of healthcare professionals rating ‘high importance’ of providing counsel-

ling varied between lifestyle habits, from 63% to 80 % (Figure 12). Counselling on to-

bacco cessation was more often rated as ‘very important’ compared to counselling on 

both alcohol consumption (difference of 13 %, CI: 3 % to 23 %) and healthy eating hab-

its (difference 17 %, CI: 7% to 27%).  Providing counselling on physical activity was 

considered to be more important than counselling on healthy eating habits in their own 

clinical work (difference of 13 %, CI: 3 % to 24 %) (Figure 12).  

 

Only a minority of healthcare professionals reported that they always asked their pa-

tients about their lifestyle habits, with differences between the lifestyle habits ranging 

from 18 % to 41 % (Figure 12). A larger proportion of healthcare professionals always 

asked patients about tobacco use in comparison to alcohol use (difference of 21 %, CI: 

11 % to 31%), eating habits (difference of 23 % CI: 14% to 34 %) and physical activity 

(difference of 12 %, CI: 2 % to 23 %). Further, a larger proportion always asked about 

physical activity in comparison to healthy eating habits (difference of 11 %, CI: 1% to 

21%) (Figure 12).  
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Less than one fourth of the healthcare professionals actually provided counselling ‘to a 

great extent’ to individuals with unhealthy lifestyle habits. Counselling varied with life-

style habit, ranging between 11% and 23 % (Figure 12). Counselling tobacco cessation 

was more commonly provided than counselling alcohol use, (difference of 12 %, CI: 

3% to 20 %) or eating habits (difference of 9 %, CI: 0.3% to 18 %). In addition, partici-

pants provided physical activity counselling more often than alcohol counselling (differ-

ence of 10 %, CI: 1 % to 18%) (Figure 12).  

 

 

Figure 12. Differences in percentages (n=251) between stated importance and clinical 

work for different lifestyle habits. 

* denotes statistical detected difference at the 1% level. Differences between lifestyle factors 

within the same statement/question are indicated by 1-4: 1 > alcohol, eating habits and physical 

activity; 2> eating habits; 3 > alcohol and eating habits; 4 > alcohol.  

6.5.2 Differences between stated importance and clinical work for lifestyle 

behavioural changes  

Figure 12 shows that for all lifestyle habits, there was a wide gap between the stated im-

portance of the healthcare professionals’ own clinical work and to what degree they ac-

tually asked their patients about these habits (difference of alcohol 47 %, CI: 37 % to 57 

%; difference of eating habits 45 %, CI: 35 % to 55 %; difference of physical activity 47 

%, CI: 37 % to 57 % and difference of tobacco 39 %, CI: 8 % to 29 %). Moreover, for 

alcohol and tobacco, there were significant differences between all four core questions. 

The correlation between stated importance in general, and clinical work in (asking and 

counselling) was poor (r < 0.3) for all lifestyle habits. Regarding stated importance 

within own clinical work, and to what degree participants asked and counselled about 

the four lifestyle habits, the correlation was fair (r: 0.3-0.5).  
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6.5.3 Personal and organisational factors of potential importance  

Table 19 describes the relationship between personal and organisational factors, and 

stated importance and clinical work. For stated importance in general, and stated im-

portance in own work, only a few associations were found. Sex, profession and to what 

extent the healthcare professionals perceived clear routines and objectives were related 

to stated importance, but with differences between lifestyle habits.  

 

For clinical work (asking and providing counselling), several factors were associated. 

These were mainly organisational factors (e.g. perceived clear routines, objectives and 

strong management support). Overall, it was more prevalent for physicians, individuals 

with more than nine years in the profession, and individuals working within outpatient 

care to ask about and provide counselling (Table 19).  
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Table 19. Unadjusted odds ratios (ORs with 99% CI) for personal and organizational 
factors relating to stated importance and clinical work with lifestyle habits 

  Alcohol Eating habits Physical activity Tobacco 

 Important in general         

Male 0.41 (0.16-1.03) 0.23 (0.10-0.52)  0.68 (0.26-1.76) 2.04 (0.28-14.89) 

Doctor 0.59 (0.24-1.43) 0.39 (0.18-0.81) 1.60 (0.61-4.21) 7,31 (0.50-107.1) 

Inpatient care 1.26 (0.45-3.54) 0.84 (0.34-2.07) 0.65 (0.21-2.03) 0,25 (0.02-3.70) 

< Age (40 years) 0.76 (0.32-1.79) 0.75 (0.37-1.51) 0.72 (0.31-1.66) 1.36 (0.34-5.35) 

≤ nine years, clinical 

work 

0.67 (0.24-1.82) 0.69 (0.31-1.53) 1.04 (0.42-2.58) 1.11 (0.26-4.67) 

Clear routines 1.10 (0.20-5.93) 1.84 (0.70-4.81) 1.21 (0.42-3.45) 3.96 (0.27-58.45) 

Clear objectives 1.00 (0.29-3.48) 2.37 (0.85-6.63) 2.74 (0.83-9.08) 2.56 (0.47-13.82) 

Management support 0.70 (0.17-2.79) 1.22 (0.44-3.43) 1.91 (0.45-8.07) 4.23 (0.29-62.80) 

Important in own practice         

Male 1.11 (0.48-2.59) 0.48 (0.22-1.06) 1.50 (0.55-4.06) 2.36 (0.71-7.84) 

Doctor 1.78 (0.81-3.93) 0.72 (0.35-1.49) 3.66 (1.28-10.48) 9.33 (1.92-45.24) 

Inpatient care 2.07 (0.90-4.77) 1.08 (0.47-2.51) 0.89 (0.33-2.36) 1.76 (0.69-4.51) 

Age (< 40 years) 0.96 (0.48-1.92) 1.17  (0.59-2.32) 1.22 (0.56-2.66) 1.55 (0.67-3.59) 

≤ nine years, clinical 

work 

1.00 (0.47-2.16) 0.93 (0.44-1.96) 1.21 (0.53-2.76) 1.48 (0.63-3.51) 

Clear routines 2.50 (0.47-13.27) 2.69 (1.00-7.22)   2.76 (0.84-9.11) 6.96 (1.03-47.00) 

Clear objectives 2.49 (0.74-8.40) 2.64 (0.98-7.11) 8.65 (1.78-41.96) 11.03 (2.27-3.61) 

Management support 1.39 (0.39-4.98) 2.04 (0.63-6.57) 1.70 (0.50-5.78) n/a 

Always ask         

Male 1.72 (0.69-4.31) 0.51 (0.15-1.70) 0.81 (0.33-1.99) 1.49 (0.68-3.29) 

Doctor 2.03 (0.88-4.71) 0.51 (0.18-1.45) 0.88 (0.40-1.93) 3.09 (1.49-6.39) 

Inpatient care 0.63 (0.24-1.64) 0.27 (0.11-0.68) 0.46 (0.20-1.08) 0.87 (0.38-1.99) 

Age (< 40 years) 0.65 (0.28-1.50) 0.52 (0.21-1.30) 0.81 (0.33-1.99) 1.06 (0.54-2.05) 

≤ nine years, clinical 

work 

0.47 (0.20-1.09) 0.40 (0.16-0.96) 0.43 (0.20-0.93) 0.79 (0.39-1.64) 

Clear routines 2.09 (0.54-8.14) 6.44 (2.51-16.53 6.47 (2.73-15.36) 4.11 (1.70-9.97) 

Clear objectives 3.38 (1.23-9.33) 5.34 (2.07-3.76) 5.36 (2.39-12-06) 4.67 (2.24-9.73) 

Management support 2.35 (0.70-7.91) 1.51 (0.45-5.07) 3.13 (1.22-8.04) 3.94 (1.68-9.27) 

Always provide counselling         

Male 2.63 (0.89-7.81) 0.58 (0.15-2.14) 0.95 (0.36-2.52) 2.19 (0.92-5.22) 

Doctor 2.93 (1.03-8.36) 0.91 (0.32-2.58) 1.37 (0.59-3.17) 3.06 (1.37-6.85) 

Inpatient care 0.69 (0.20-2.31) 0.29 (0.10-0.79) 0.45 (0.18-1.13) 0.61 (0.24-1.51) 

Age (< 40 years) 0.56 (0.19-1.67) 0.47 (0.17-1.33) 0.54 (0.23-1.25) 0.73 (0.33-1.62) 

≤ nine years, clinical 

work 

0.51 (0.18-1.45) 0.40 (0.15-1.06) 0.58 (0.25-1.36) 0.86 (0.37-2.00) 

Clear routines 2.43 (0.51-11.59) 7.64 (2.74-21.29) 7.84 (3.17-19.37) 6.05 (2.48-14.79) 

Clear objectives 2.92 (0.88-9.75) 8.47 (2.98-24.04) 10.93 (4.36-27.4) 4.05 (1.79-9.16) 

Management support 2.33 (0.56-9.65) 2.05 (0.60-7.03) 4.06  (1.53-10.76) 3.55 (1.49-8.47) 

Note: significant differences, p<0.01, are indicated in italics. 
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6.5.4 Expectations and future work  

In general, the healthcare professionals had a positive attitude towards lifestyle habits 

and the majority stated that lifestyle habits always were an important part of patient 

health (alcohol 81%, eating habits 65%, physical activity 77% and tobacco 87%). The 

majority also stated they would like to increase their work in promoting healthy lifestyle 

habits among patients and were most motivated to increase their work with physical ac-

tivity, followed by eating habits, tobacco and alcohol (Figure 13). Wanting to increase 

their work with lifestyle habits was found to be independent of how much the healthcare 

professionals currently worked with patients’ lifestyle habits (p <0.05).  

 

Figure 13. The proportion of to what extent healthcare professionals work with counsel-
ling of lifestyle habits in their current work. 

 

A minority of healthcare professionals believed that patients always expected questions 

about their lifestyle habits (alcohol 14%, eating habits 11%, physical activity 14% and 

tobacco 30%). For all lifestyle habits, logistic regressions showed that healthcare pro-

fessionals who thought that patients expected questions asked their patients to a higher 

degree (alcohol OR 2.92, 95% CI 1.06-8.08, eating habits OR 11.59, 95% CI 3.74-

35.97, physical activity OR 6.67, 95% CI 2.43-18.30, tobacco OR 2.88, 95% CI 1.38- 

6.02) compared to healthcare professionals who did not.  
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7 DISCUSSION 

In Europe, with an increasing population and a higher proportion of elderly, both the in-

cidence and prevalence of CVD have increased (11). This emphasizes the need for pri-

mary and secondary preventive interventions, e.g. promoting PA and other lifestyle hab-

its. The overall aim of this thesis was therefore to investigate the importance and use of 

PA in clinical practice for patients with CVD.  

 

In summary, the results of this thesis found that a high proportion of patients with CVD 

had an insufficient level of PA and a high level of SED (Figure 14). Further, we found 

that PA level, SED and change in PA level (pre and post hospitalisation) were important 

predictors of health outcomes for patients with CVD. Finally, we found a strongly ex-

pressed opinion among healthcare professionals regarding the importance of promoting 

healthy lifestyle habits as a part of clinical work. However, we also found that in reality, 

healthy lifestyle habits were not often promoted in their clinical work. 

 

Figure 14. Illustration of PA levels (Studies I-III), pre and post hospitalisation among 

patients with CVD. 
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7.1 Physical activity level and sedentary time 

Our first research question regarded PA level and SED in patients with CVD. The study 

populations used were slightly different, and this warrants some attention. 

 

The study population in the Stockholm and SWEDEHEART cohorts differed in several 

aspects. The Stockholm cohort included all individuals with CVD treated on cardiac 

wards. This included older individuals (median age 70 years) with possibly more severe 

diseases and comorbidity than the SWEDEHEART cohort which included younger in-

dividuals (median age 63 years) diagnosed with their first MI. Additionally, the 

SWEDEHART cohort only included individuals who could attend outpatient follow-up 

sessions, and excluded individuals who died prior to follow-up, or had too severe illness 

or disability to attend the follow-up sessions. These differences in the study populations 

may have affected the results when comparing PA level, risk of readmission and mortal-

ity.  

 

Studies I-III all explored levels of PA in patients with CVD. In the Stockholm cohort 

(Study I), less than one fifth of patients stated that they achieved at least 60 minutes of 

at least moderate intensity physical activity (MVPA) a week. This is in contrast to 

Study II where half the study population reported a high level (≥150 minutes a week) 

of MVPA post MI, and thereby were considered achieving the international recommen-

dations for PA. As mentioned above, the study population differed in the Stockholm and 

SWEDEHEART cohorts, with the Stockholm cohort likely suffering from comorbidity 

to a higher degree. The large Stability (Stabilization of Atherosclerotic Plaque by Initia-

tion of Darapladib Therapy) study (n= 15 486) found a lower level of PA among pa-

tients with more comorbid conditions (125). However, Evenson et al., on exploring 

physical activity, saw no differences in PA level or SED between patients (n=680) with 

one or several CVD diagnoses (126). Another impacting factor of PA level could be that 

patients in the SWEDEHEART cohort could have been offered exercise-based CR at 6-

8 weeks post MI. Karadikis et al. concluded that most studies assessing PA level post 

MI questioned patients on their PA habits while they were participating in exercise-

based CR. This might contribute to a misleadingly high PA level. However, one survey 

has shown that only a minority of patients in Sweden participate in exercise-based CR 

post MI (105). In Study III, individuals participating in exercise-based CR had a higher 

PA level both at baseline and one-year follow-up. This is in line with a Norwegian 

study by Peersen et al. who reported a higher PA level among patients participating in 

CR compared to those who did not (127). However, a Danish study, in direct contrast, 

found no differences in PA level between individuals participating in CR and those who 

did not at four and 12 months follow-up (128).  
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PA level at a moderate to vigorous intensity level post MI in this thesis (Study II) is in 

line with the Danish study by Bertelsen et al., which explored PA levels among patients 

with acute coronary syndrome (ACS). In this study, approximately 50% of patients 

were categorised as achieving the PA recommendations (30 minutes/5 days a week) at 

four and 12 months post discharge (128). In EUROASPIRE IV (a multicentre European 

survey), Kotseva et al. reported a lower level of vigorous PA in patients (n=7998) with 

IHD, with approximately 40% performing vigorous PA for at least 20 minutes three or 

more times a week post hospital discharge (129). There were differences between sub-

groups, with women, individuals with diabetes mellitus type II, and individuals with a 

lower education level reporting lower levels of PA (130-132). 

 

In the Stockholm cohort (Study I), a broader perspective on PA behaviour was ex-

plored. In addition to physical exercise, everyday PA and SED were assessed. This is an 

important distinction from previous studies, which mainly focused on MVPA for pa-

tients within exercise-based CR (1, 103). Study I showed that patients were active pre-

dominately via everyday PA (e.g. walking, bicycling, or gardening), rather than physical 

exercise. Roughly, one third of patients stated that they spent more than 150 minutes per 

week in everyday PA. Although comparisons are difficult, a larger proportion of pa-

tients met recommendations via everyday PA compared to physical exercise, which is in 

line with previous studies among the elderly (133). Additionally, in the STABILITY 

study, the same pattern was seen with the majority of patients with stable coronary heart 

disease (CHD) (n = 15 486) across 39 countries reporting activities at a low or moderate 

intensity (134).  

 

To explore total PA level in the Stockholm cohort (Study I), we used the validated PA 

index (combining everyday PA and physical exercise) (84). This showed that 44% of 

patients were considered to be sufficiently physically active pre hospitalisation. There 

are, to our knowledge, few studies exploring PA levels pre hospitalisation. We found 

two studies with conflicting results. In a Greek study, which included patients with 

ACS, 61% were categorised as inactive or had a low level of PA (< 150 metabolic 

equivalent [MET] minutes/ week) in the year prior to hospital admission (135). In con-

trast, Kaasenbrood et al. showed that PA levels were high, with only 14 % of their pa-

tients with CHD stating that they did not achieve the recommended PA level at hospital 

enrolment (136). It is more common for studies to explore PA levels post hospital dis-

charge using different types of assessment. The majority of studies explored self-rated 

PA level using questionnaires. They found that post hospital discharge, the number of 

patients with IHD categorised as sufficiently physically active (≥150 minutes per week, 

of PA in at least a moderate intensity) varied between 17 and 60 percent (128, 137-143). 
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Evenson et al. explored PA levels in 680 patients with CVD. They assessed PA using 

questionnaires, and included questions on active transportation, household and leisure 

activities over the preceding 30 days. The patients most commonly reported being ac-

tive in household activities, followed by leisure time activities at moderate intensity. 

The proportion achieving the PA recommendations ranged from 14.6% among patients 

with HF to 27.5% among patients with CHD (126). Differences in PA levels between 

patients with different CVD diagnoses were also seen in our Stockholm cohort (Study 

I), with patients with HF and valvular heart disorder having the lowest level of PA and 

highest level of SED. Three studies assessing number of daily steps via a pedometer in 

patients with CAD within or post CR, found that patients took a median of 6530-7000 

steps per day. In addition, approximately 20% took more than 10 000 steps and were 

considered as achieving PA recommendations (144-146). Thorup et al. found that num-

ber of steps increased from hospital discharge (mean 5191, SD 3198) to one-year fol-

low-up (mean 7890, SD 2629) among patients with ACS (147). A few studies explored 

PA level using accelerometers, and all concluded that time spent in MVPA was low 

(126, 148, 149). Evenson at al. reported that time spent in MVPA ranged from 8.6 

minutes/day for patients with HF to 11.4 minutes/day for patients with angina (126). 

This is similar to another study that showed patients participating in exercise-based CR 

spent approximately 10 minutes in MVPA per day (149). Finally, Strauch et al. explor-

ing PA levels in a small Swedish study, showed that elderly patients with coronary ar-

tery disease (CAD) spent approximately 19 minutes in MVPA a day.  

 

In the SWEDEHEART cohort (Study III), we explored whether patients changed their 

PA levels in the first year post MI. The majority (76%) were categorised as having the 

same activity level on the different follow-up occasions. Meanwhile, 15 % decreased 

and 9 % increased their activity level.  However, the study only explored changes be-

tween ≥2 sessions or below, not within groups (0-1 sessions vs 2-7 sessions). Previous 

smaller studies have shown similar results, with the majority of individuals with IHD 

having the same level of PA at discharge and up to five years post discharge (150-152).  

 

Approximately half (51%) the Stockholm cohort (study I) stated that they spent 7 hours 

or more being sedentary. This is higher than national and European self-reported data in 

a general population, where the percentage reporting ≥7 hours of sitting was 44% and 

19 %, respectively (76, 153). The high proportion of long SED is worrisome since pre-

vious studies showed health benefits with sitting less than 7 hours a day (154). There 

are to our knowledge few studies focusing on SED among patients with CVD.  Evenson 

et al. concluded that compared to healthy individuals, patients with CVD spent more 

time (assessed with an accelerometer) in SED (9.6-10.1 vs 9.2 hours), and rated a higher 

daily duration of screen time exposure. The high level of SED is in line with two 
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smaller studies on patients with coronary heart disease where participants rated their 

SED as approximately 10 hours per day (149), and the accelerometer estimated that the 

patients spent between 11-12 hours in SED daily (148, 149).  

 

 

In summary, the generally lower levels of PA and higher levels of SED pre and post 

hospitalisation compared to healthy individuals (72, 126, 140, 153, 155), highlight the 

need to ask all patients treated on a cardiac department about their PA level and provide 

support when needed. Support to increase PA level should be individualised, and rec-

ommended methods to increase PA among patients could be exercise-based CR or 

physical activity on prescription (1, 156). Further, Kotseva et al. concluded that the ma-

jority of coronary patients reported that they increased their PA by following specific 

advice from a health or exercise professional, attending leisure centres/gyms/community 

walking groups, or increasing everyday physical activity (129).   

 

7.2 Physical activity level and sedentary time as predictors of hospital care 

utilisation 

Our second research question regarded the prediction of PA and SED levels on hospital 

care utilisation. We hypothesised that PA (negatively) and SED (positively) are associ-

ated with hospital care utilisation. In line with our hypothesis, the Stockholm cohort 

(Study I) showed that there was a dose-response relationship between PA level (nega-

tively) and SED (positively) with the length of the current hospital stay. Although hos-

pital stay duration can differ among patients with different CVD diagnoses, our results 

indicated that the association between PA level and SED and hospital stay duration did 

not differ with different diagnoses. The shortest inpatient duration was seen among indi-

viduals with the highest PA level or lowest SED. This is in line with a study focusing on 

the association between PA level and healthcare utilisation in general, concluding that 

individuals with the lowest PA level have extended inpatient duration (157). In the 

Stockholm cohort (study I), median inpatient duration was 2 (3 IQR) days on a cardiac 

ward. One higher step in self-assessed PA level, or lower SED level, was related to an 

approximately 0.9 days shorter hospital stay. Inpatient duration for patients with a simi-

lar diagnosis were  4.61 days on average in Sweden, 2016 (158). Based on our results, a 

change of one category of PA level or SED could hypothetically decrease the total hos-

pital duration among patients with CVD in Sweden by nearly 20 %. While the non-ex-

perimental design of the study in this thesis reduces the ability to draw conclusions on 

effects of change or causality, a Canadian study on healthy elderly supports our results 

and concluded that an additional 20 minutes of walking per day in the least physically 

active group reduced the number of days spent in inpatient care (159). Our results in 

Study I are thus of great interest when there are, to our knowledge, no previous studies 
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exploring the association between PA level and SED with hospital duration among pa-

tients with CVD.   

 

The association between PA and readmission was explored by unadjusted and adjusted 

logistic regressions in both the Stockholm (Study I) and SWEDEHEART cohort 

(Study II). The proportion of individuals who were readmitted was lower in the 

SWEDEHEART cohort compared to the Stockholm cohort. In addition to the above-

mentioned factors (e.g. differences in median age, comorbidity), the difference in read-

mission rate can, potentially, be explained by the slightly longer follow-up in the Stock-

holm cohort.  

 

Results from the SWEDEHEART cohort (Study II) showed that individuals with a me-

dium or high level (2-4 and 5-7 sessions per week) of PA (of at least moderate intensity) 

had a lower risk of readmission in the first year post MI. The same pattern was seen in 

the Stockholm cohort (Study I) when exploring everyday PA and SED. Thus these re-

sults were in line with our hypothesis. However, for physical exercise, there was no 

clear association with readmission in the adjusted analyses amongst the Stockholm co-

hort (Study I). To our knowledge, there are few previous studies assessing the associa-

tion between PA level and health outcomes among patients with CVD. The STABIL-

ITY (Stabilization of Atherosclerotic Plaque by Initiation of Darapladib Therapy) study 

found no risk reduction in readmission following MI, stroke or major adverse cardiac 

events in fully adjusted analyses among individuals with higher PA levels (134). On the 

other hand, Biscaglia et al. found a lower risk of stroke among patients performing vig-

orous PA, although no decreased risk of MI (160). Papataxiarchis et al. concluded that 

in individuals with no prior CVD, the risk of a new CVD event was lower among those 

who completed one or more PA sessions per week compared to those who were inactive 

(135). In an American study (n= 4174), HRs for recurrent CHD were lower in patients 

performing 1-3 PA sessions per week and ≥4 PA sessions/week than inactive patients 

(161). Doukky et al., found no significant decrease in heart failure hospitalization 

among inactive patients diagnosed with heart failure (NYHA II-II) compared to active 

(162). 

 

We could not find any studies exploring the association between SED, everyday PA or 

physical exercise separately, with readmission among patients with CVD, making 

Study I unique. This study showed that both PA level and SED may have independent 

effects on hospital duration and the risk of readmission. Further, Study I concluded that 

the predictive value of PA level and SED on future readmission holds for several differ-

ent CV diagnoses. Interestingly, both Studies I and II concluded that there was no sig-

nificant difference in the estimated OR of readmission between medium and high PA 
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levels or medium and low SED, indicating that it is most important to target the most in-

active patients for help with improving their PA. This may be an achievable strategy as 

even a small reduction in SED and increase in everyday PA for inactive individuals with 

CVD could improve health and decrease hospital utilisation in general. 

 

Thus, this thesis highlights that self-reported PA level and SED in patients with CVD 

pre and post hospitalisation are important predictors of hospital stay duration and future 

readmission.  

 

7.3 Smoking status as a predictor of readmission 

In contrast to our hypothesis and previous studies among patients with MI, no signifi-

cant association between smoking status and readmission due to either CVD or non-

CVD could be shown in the unadjusted models (Study II). However, previous studies 

had a longer follow-up time (163, 164), which may indicate that smoking status is a bet-

ter predictor of long-term rather than short-term readmission and survival. Another rea-

son may be that smokers tend to develop CVD earlier (mean of 4 years earlier in the 

Study II cohort, data not shown) than former smokers and never smokers, and therefore 

may have a lower burden of other risk factors. Further, in our fully adjusted models, 

never smokers even appeared to have a slightly higher risk of readmission (p<0.01). To 

explore this association further, we performed a stepwise forward and backward logistic 

regression model and still found no explanations as to why never smokers had a higher 

readmission risk. Although several potential confounders have been controlled for in 

our study, there is always a risk of residual confounding, which may be of importance in 

this analysis. 

 

7.4 Physical activity level and sedentary time as predictors of mortality 

Our third research question regarded the association between PA and SED levels and 

mortality. Our hypothesis was that PA (negatively) and SED (positively) would be asso-

ciated with all-cause mortality during follow-up. In line with our hypothesis, self-re-

ported PA level (Studies I-III) and SED (Study I) pre and post hospitalisation were 

clinically relevant predictors of all-cause mortality. In Studies I and II, the largest risk 

reduction for all-cause mortality was found between patients with a low PA level/high 

SED, and those patients reporting a medium PA level/SED. A less pronounced addi-

tional risk reduction was found among those patients reporting a high PA level/low SED 

compared to those reporting a medium PA level/SED. Previous studies on patients with 

IHD showed similar a non-linear relationship between PA level and cardiovascular mor-

tality (142, 160) and all-cause mortality (134, 141, 142, 160, 161, 165). Interestingly, 

Mons et al. reported a J-shaped association between PA level and cardiovascular mor-

tality. Although the highest risk was among individuals with the lowest levels of PA, a 
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substantially increased risk was seen in the most frequently physically active groups in 

the fully adjusted model (142). A study among patients with HF, found that physical in-

activity was associated with higher risk of all-cause mortality and cardiac mortality 

compared to active (162). 

 

 

In the unadjusted analyses, mortality differed between the three study populations with 

68 cases per 1000 person years (Study I), 14 cases per 1000 person years (Study II) 

and 11 cases per 1000 person years (Study III). Possible impacting factors are men-

tioned at the start of the discussion, but differences in study methods, specifically pa-

tient recruitment and inclusion periods, may have had an impact on mortality incidence. 

When those patients in the Stockholm cohort who died within 49 days were excluded 

(Study I), mortality incidence decreased to 51 cases per 1000 person years, which is 

still higher than in Study II.  

 

In the Stockholm cohort, a wider perspective of PA habits, such as distinguishing be-

tween physical exercise, everyday PA and SED, and its association with all-cause mor-

tality was explored. Interestingly, everyday PA was more strongly related to mortality 

than physical exercise. There are few previous studies exploring the association of eve-

ryday PA (often including light intensity PA, LIPA) and all-cause mortality, illustrating 

a knowledge gap in the association between LIPA and all-cause mortality in individuals 

with CVD.   

 

For SED, individuals in the Stockholm cohort (Study I) reporting “≤ 6 hours SED per 

day” had a lower mortality risk compared to individuals reporting “≥ 10 hours SED per 

day”. This highlights the need for a more specific assessment of PA behaviour, includ-

ing everyday PA and SED, in clinical work. There are, to our knowledge, few studies 

assessing SED among patients with CVD and exploring its association with mortality. 

However, Gorczyca et al. explored the association between self-reported SED and mor-

tality among women pre and post MI. They observed an increased risk of all-cause mor-

tality for every hour increase in sitting per day in women who regularly sat for eight 

hours or less per day, pre-MI (152). The association between high SED and a lower risk 

of cardiovascular or all-cause mortality was also seen in an international prospective 

study (CLARIFY) among 32 370 patients with CHD (160).   

 

The Stockholm cohort (Study I) showed that an association between a high PA level, 

low SED level, and lower HRs of mortality followed for patients with different CVD di-

agnoses including IHD, HF, cardiac arrhythmias, valvular heart disorder, inflammatory 
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heart diseases and others. This is an important finding since previous studies mainly fo-

cused on patients with HF or IHD (103, 142, 152, 160, 166). Further, it appears that the 

effect of PA for patients with MI did not differ by for example sex, age, smoking status, 

decreased kidney function (Study III) diabetes type II, hyperlipidaemia or hypertension 

(Study II). 

 

Study III showed that a change in PA level during the first year post MI affected mor-

tality risk. Patients who were initially inactive were found to reduce their mortality risk 

by increasing their PA level and interestingly the HRs did not differ significantly from 

the constantly active group. On the other hand, individuals who decreased their activity 

level during the first year post MI had a higher risk of premature mortality than those 

who remained physically active. This indicates that is important to continue being regu-

larly physically active and that it is never too late to start being physically active to im-

prove health. These results are in line with previous smaller studies identifying a lower 

mortality risk in patients with MI who increased their PA level, and an increased risk in 

those who decreased their PA level (151, 152). A recently published study by Moholdt 

et al. explored the association between changes in PA level and all-cause mortality 

among patients with IHD (n=3307). They assessed PA level (inactive, low or high) on 

two different occasions and had a follow-up of 30 years. They found that individuals re-

porting a high PA level over time had a 36% lower all-cause mortality risk compared 

with those who continued to be inactive. Moreover, compared to individuals who re-

mained inactive, a significantly reduced all-cause mortality risk was observed in those 

who maintained a low PA level (HR: 0.81; 95% CI: 0.67 to 0.97), those who changed 

from a low PA level to being inactive (HR: 0.82; 95% CI: 0.70 to 0.96), and in those 

who changed from a high to low PA level (HR: 0.74; 95% CI: 0.60 to 0.92) (167). 

 

Thus, the studies in this thesis underline the importance of routinely assessing patients’ 

PA levels and SED in order to predict future all-cause mortality. In this context, PA 

level can be seen as an additional marker of disease severity.  

 

7.5 Smoking as a predictor of mortality 

Among individuals with different smoking status, the decreased risk of all-cause mortal-

ity was strongest for never smokers compared to smokers, which was in line with our 

hypothesis. Previous studies exploring the association between smoking and mortality 

have shown conflicting results. However, most studies are in line with our results indi-

cating a higher risk of premature mortality among long-term smokers (163, 164, 168). 

The association was weaker among former smokers. This may be due to individuals 

who quit smoking at the time of their respective MI were considered former smokers. In 
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addition, long-term endothelial dysfunction caused by smoking may persist in former 

smokers (169).  

 

7.6 Healthcare professionals stated importance and clinical work to promote 

healthy lifestyle habits 

The major finding of Study IV was that healthcare professionals working in cardiology 

departments considered lifestyle habits (alcohol, eating habits, physical activity and to-

bacco use) to be important within clinical work, although only a minority asked about 

lifestyle habits or provided counselling. This illustrates that there is a gap between 

stated importance and clinical work. However, the majority of healthcare professionals 

wanted to improve their work with patients’ lifestyle habits. Our hypothesis stated that 

the majority of healthcare professionals working in hospital care would be positive to, 

and provide counselling on, healthy lifestyle habits in line with guidelines. For stated 

importance, our results proved our hypothesis, although for clinical work they did not.  

 

Studies within primary care indicate that healthcare professionals consider health pro-

motion and disease prevention to be important (99, 107, 108). There are, to our 

knowledge, only a few studies focusing on stated importance of health promotion and 

disease prevention among healthcare professionals within hospital care. Johansson et al. 

concluded that health promotion was considered less important among healthcare pro-

fessionals working in hospitals compared to those working in primary care (170). In 

2015, the National Board of Health and Welfare in Sweden published a survey (171) on 

stated importance and to what degree healthcare professionals from different parts of the 

healthcare sector provided counselling. The survey results differed from our results in 

that our study population stated a higher importance of promoting lifestyle habits in 

clinical work, and provided counselling to a higher degree. Interestingly, there was a 

difference between the survey results and our results in which lifestyle habits were 

stated to be an established part of clinical work. In our study, smoking cessation was re-

ported to be the most established, followed by PA. Meanwhile in the national survey, 

physical activity was the most commonly mentioned lifestyle habit, followed by eating 

habits (171). Nevertheless, the finding that tobacco cessation was the lifestyle habit with 

highest stated importance and an established part of clinical work in Study IV, is in line 

with previous studies. Haynes explored patients’ views on the advice they received from 

UK hospitals on changing lifestyle habits. This study demonstrated that the majority of 

patients were asked about tobacco use and fewer were asked about alcohol use, PA and 

eating habits (98). A similar pattern was seen in another study using medical records to 

explore lifestyle habits (96). The negative effects of tobacco on health have been known 

for a long time (172) and thus this may be the reason that asking about and counselling 
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on tobacco use is more common than for the other lifestyle habits. However, the im-

portance of regular physical activity, healthy eating habits and moderate use of alcohol 

has become more evident during the last few decades (16, 129, 173-177). Interestingly, 

a recently published study by Ogmundsdottir et al. focusing on cardiac rehabilitation in 

Sweden showed that healthcare professionals in cardiac departments stated that they as-

sessed patients’ lifestyle habits to a large degree (alcohol consumption 85%, eating hab-

its 95%, physical activity 97% and smoking status 100%). Further, they stated that they 

offered counselling to a great extent (alcohol consumption 83%, eating habits 99%, 

physical activity 99% and smoking status 99%) (178). The large difference between this 

study and our results is notable. The differences may be due to different questions being 

asked, and that our study asked about whether the healthcare professionals asked all 

their patients within cardiac care. While, Ogmundsdottier et al. asked about the work 

with only those patients included in CR. Finally, our study focused on all healthcare 

professionals and their clinical work while Ogmundsdottir et al. asked one clinic em-

ployee who possibly answered about what the clinic should offer.     

 

It is important to remember that all four investigated lifestyle habits have a cumulative 

impact on preventing new cardiovascular events (175). Regarding patients needs, previ-

ous studies indicated that only a minority of patients achieved the secondary prevention 

objectives of physical activity and eating habits compared to tobacco cessation follow-

ing a cardiovascular event, and are in need of support (129, 139, 175). Additionally, the 

prevalence of unhealthy lifestyle habits in Sweden does not mirror the healthcare pro-

fessionals’ stated work with lifestyle habits in Study IV. In 2019, the Public Health 

Agency of Sweden concluded that not eating enough fruit and vegetables is the most 

prevalent unhealthy lifestyle habit (with 86% of men and 71% women not meeting rec-

ommendations), followed by insufficient PA (36%), hazardous use of alcohol (29% of 

men and 13% of women) and being a daily smoker (7%) (153). This highlights the im-

portance of healthcare professionals regularly asking patients about all major lifestyle 

habits in order to identify individuals at risk.  

 

In Study IV, we aimed to explore how personal and organisational factors affected 

healthcare professionals’ stated importance of providing counselling and work with pa-

tients’ lifestyle habits. For stated importance of providing counselling, there was a 

strong consensus among the healthcare professionals, but there was no clear pattern of 

affecting factors. Personal factors affecting stated importance and clinical work were 

mainly sex, profession and years in profession. A previous study showed that women 

considered the promotion of healthy lifestyles by the healthcare sector to be of greater 

importance than men (170). Our results were in agreement with this, with more female 

than male healthcare professionals stating that eating habits were of a “high importance” 
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in their practice. In a previous study, physicians were more negative towards health pro-

motion and preventive aspects of clinical work than other healthcare professionals 

(170). The study in this thesis differs in this regard, showing that in their own clinical 

work, physicians considered counselling on physical activity to be of greater importance 

compared with other healthcare professionals. Physicians also asked about tobacco and 

provided counselling on alcohol intake and tobacco cessation more often than other 

healthcare professionals. Douglas et al. showed that physicians more frequently asked 

patients about PA when it was associated with their disease, than talked about physical 

activity in general (179,). The clear association between the four lifestyle habits ex-

plored in this thesis and CVD may be a possible explanation as to why physicians in 

cardiac care are more positive towards improving their patients’ lifestyle habits. In 

agreement with earlier studies, more years in the profession had a positive impact on 

clinical work with lifestyle habits (asking about eating habits and physical activity) (99, 

108). In Study IV, lack of clear routines, clear objectives and strong management sup-

port (i.e. organisational factors) were seen as impacting factors to not work with behav-

ioural changes in everyday clinical work. This is in line with a Swedish study exploring 

perceived barriers among healthcare professionals within primary and hospital care 

(170). Thus, more effort needs to be invested in the implementation of working with be-

havioural changes as a regular part of clinical work.  

 

Finally, only a minority of the healthcare professionals stated that they thought patients 

expected questions regarding their lifestyle habits. This is in contrast to a large Swedish 

survey where the majority (97 %) of patients (n=1800) stated that they would like to be 

asked about their lifestyle habits (93). A study performed in England on patients acutely 

admitted to hospital reported that the patients wanted to be asked about their PA as long 

as it was associated with the hospital admission (92). This indicates that there is a gap 

between what patients want and what healthcare professionals believe patients want. 

Knowing that patients want to be asked about their lifestyle habits can hopefully lead to 

healthcare personnel asking about lifestyle habits more frequently. However, it is im-

portant to provide individually tailored counselling and explain how lifestyle habits can 

be associated with the patient’s health and treatment outcomes (92, 93).  

 

7.7 Strengths and limitations 

Studies I-III are all prospective cohort studies. This study design explores associations 

over time but does not give information about causality, in this case between PA 

level/SED and hospital care utilisation or mortality. There is a risk of reversed causality 

due to the relative short follow-up, and that individuals with a better health status may 

have a higher PA level/lower SED. However, the size of the study populations made it 

possible to identify the effect of PA level and SED by adjusting for multiple possible 
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confounders (Studies I-III) and sensitivity analyses (Studies II-III), and thereby reduc-

ing the risk of reverse causality. However, none of these methods are able to fully com-

pensate for the lack of randomization (which is one of the most important differences 

between cohort studies and experiments). To adjust for the short median follow-up, we 

performed an analysis excluding patients with shorter follow-up times than 28 and 49 

days (19 and 28 deaths, respectively, Study I), 5 years (n=11066, 754 deaths, Study II) 

and 2 years (n=3424, 151 deaths, Study III). The analysis using those populations was 

repeated and only limited and non-significant differences from studies not excluding in-

dividuals with short follow-up were noted. This may suggest that the effect of reverse 

causation was limited.  

 

Even when adjusting for several known covariates (133, 180, 181), the association be-

tween PA level (Studies I-III) and mortality persisted in all three studies. However, 

there is always the possibility that other risk factors, not available in this study, could 

have had an impact on the results. Since almost all measurements have inherent meas-

urement errors, even when controlling for a factor, some variance remains. This is 

called residual confounding. A limitation in Study I is that it does not provide any in-

formation on comorbidity, treatment given during inpatient care, pharmacological treat-

ment or any changes in lifestyle habits - all known factors that can affect the risk of 

mortality (151, 152, 182, 183). However, by including variables such as renal function, 

EF and size of MI in our analysis (Studies II-III), and by performing stratified sensitiv-

ity analyses between patients with and without hypertension, diabetes mellitus type II 

and LDL-cholesterol ≥1.8 mmol/l (study II), we would say that we, to some extent, 

took CVD comorbidity into account in our analysis. Both Studies II and III lack data 

on socioeconomic variables, which is a limitation as they affect both PA level and risk 

of premature mortality (11, 29, 31, 125). Another limitation is the absence of eating 

habits. This was not included in the SWEDEHEART registry at the time of this study 

and could therefore not be accounted for. Three categories of smoking status were used 

in all three studies. However, a more precise measure such as pack-years may have re-

duced possible residual confounding regarding this variable. Also, no information on 

genetic predisposition was included in this thesis. 

 

When exploring the association between PA level and mortality (Studies I-III), there 

are intermediating factors or possible mechanisms. For instance, regular PA lowers ele-

vated blood pressure, sets a more favourable lipid profile and improves glucose uptake 

and insulin sensitivity (50-54). These are all important mediators possibly responsible 

for the reduction of CVD morbidity and mortality. It would therefore be questionable to 

control for these factors in a regression analysis. Rather, these mediating factors must be 
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treated as other than non-modifiable factors and factors related to lifestyle habits, socio-

economic variables and HRQol. To control for possible mediators, special statistical 

methods are required, such as structural equation modelling or mediation/moderation 

analyses. We chose not to include such methods. Instead, we approached this issue us-

ing a stratified sensitivity analysis. It is possible that, despite controlling for covariates, 

excluding individuals with short follow-ups and performing a stratified analysis, being 

inactive serve as a proxy for the severity of the ongoing illness. However, if ongoing se-

vere illness was a main reason for inactivity, the stratified analysis should indicate inter-

action between strata of for example diabetes mellitus type II or eGFR. 

 

The sampling differed throughout the four studies. Study I included patients that agreed 

to answer questions regarding their lifestyle habits. Study IV comprised of healthcare 

professionals who agreed to answer questions of stated importance and clinical work 

with promoting patients’ lifestyle habits. The fact that the study populations in both 

Studies I and IV consisted of individuals choosing to answer questions may have led to 

selections bias. However, in Study I, diagnosis was the only variable that differed be-

tween the included and non-included individuals, and there were no differences between 

the included and non-included healthcare professionals in Study IV. A strength in 

Study I is that it comprised of a fairly large population including patients diagnosed 

with different cardiovascular diseases of varying severity. It also had a high response 

rate (89 %). The eight-month inclusion period was chosen to represent normal clinical 

circumstances. However, it did not include patients treated on weekends. A limitation in 

Study IV is that the study population may be considered small and data were collected 

from only two major hospitals in Stockholm, Sweden. On the other hand, the response 

rate was high with a small internal dropout. This suggests that our sample may be repre-

sentative of healthcare professionals working in cardiac departments in major hospitals. 

A strength of this study is its setting within a hospital department. Most previous studies 

on targeting lifestyle habits in clinical work have been performed within primary care 

(99, 107, 108). In this thesis (Study IV), all healthcare professionals (e.g. physicians, 

nurses and physiotherapists) with patient contact were included, giving a broader per-

spective. Finally, clinical work with lifestyle habits and affecting factors were de-

scribed, showing possible areas of improvement in preventing cardiovascular morbidity 

and mortality.   

 

Studies II-III consisted of individuals who were included in the national quality regis-

ter SWEDEHEART. A strength with these studies is that data were collected from most 

of cardiac departments in Sweden, providing natural disease course data. In order to be 

included in Studies I-III, patients had to have complete data of covariates and explana-
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tory and outcome variables, thereby excluding a high number of individuals. Neverthe-

less, including individuals with complete data decreases the risk of type II error and in-

creases internal validity. In Studies II-III, included and non-included patients differed 

in several aspects of baseline characteristics. Although there were significant differ-

ences, they were not considered clinically relevant due to the small absolute differences 

and a high statistical power.  

 

A limitation in Studies I-III, was that PA level and SED were based on self-assessed 

data. The self-rated PA data introduced an element of variability to the measurement. 

With device-based assessment of PA level, the association with hospital care utilisation 

and mortality would possibly be even stronger. Using self-reporting, the researcher tries 

to capture a ranking of activity level, but also the perceptions of the respondent. The rel-

ative importance of these two is sometimes hard to identify, and sometimes it is not of 

importance. Perception is sometimes more important than the actual phenomenon. Sub-

jectively assessed PA level may lead to recall bias due to difficulties in estimating PA 

duration and intensity, interpreting the questions and social desirability (78). However, 

in our validity study (n=65), the PA questionnaire was evaluated in CVD patients using 

an accelerometer as criterion method. Concurrent validity was modest to moderate in 

PA assessed using the questionnaire compared to PA assessed using an accelerometer. 

In addition, reducing the number of PA response categories (as used in Studies II and 

III) slightly reduced the correlation. This correlation was similar to previous studies on 

the general population (116, 184). However, it is important to remember that hip-worn 

accelerometers when used to assess PA have disadvantages. For example, they are una-

ble to measure cycling or resistance training as PA, both important factors in the reha-

bilitation of CVD patients. Further, accelerometers cannot provide information on rela-

tive intensity, i.e. activities that can be registered as light by the accelerometer can be 

perceived as moderate or even vigorous for a patient with decreased fitness. Aside from 

the limited concurrent validity, the predictive validity for mortality and hospital utilisa-

tion was shown to be strong in all three studies. Today, self-reporting is the most com-

monly used method of PA assessment in clinical practice. It is an inexpensive and easily 

administered method (78). Additionally, objective assessment is not possible when ex-

ploring PA level and SED preceding an event. A shortcoming of the PA assessment in 

Studies II and III is that it does not include information on sedentary behaviour and 

variations in PA intensity. Nevertheless, Study I provides data on physical exercise, 

everyday PA and SED, and showed that all these variables were strong predictors of 

hospital utilisation and mortality.  

 

The fact that PA was subjectively grouped is a limitation. Our validity study also 

showed that validity decreased when grouping PA into fewer categories. However, in 
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both Studies I and II, no significant differences in risk of hospital care utilisation or all-

cause mortality was observed between individuals with a medium or high level of PA.  

 

In Study IV, all data were self-reported, which is associated with risk of own interpreta-

tion, as well as risk of social desirability, i.e. individuals may rate importance and own 

clinical work higher because they know what the expectations are. In order to make the 

results comparable to the literature, the majority of questions were taken from previous 

studies (40, 99) and the questionnaire’s face-validity was tested before the study began.  

 

In Studies I-III, the outcome measurements i.e. inpatient duration, readmission and 

mortality, were all extracted from medical records or national registries. This is an ad-

vantage since previous studies have concluded difficulties in reporting “the correct” 

amount of healthcare utilisation (185). Additionally, validity of the registers used is 

considered high. Data from The Swedish National Population Register are updated on a 

monthly basis, and mortality and date of death data are highly consistent with the Swe-

dish cause of death registry. Healthcare professionals are continually adding to the 

SWEDEHEART registry. On a yearly basis, comparisons made between medical record 

data and the SWEDEHEART registry are in   agreement in 96% (110).  

 

 

7.8 Clinical implications 

The results from this thesis have several clinical implications. Today, in clinical prac-

tice, it is considered standard care to assess blood pressure, blood lipids and ask ques-

tions about smoking habits for predictive purposes. PA may be the only major cardio-

vascular risk factor that is not routinely assessed in clinical practice today. Results from 

this thesis illustrate that self-reported PA level and SED should be included as addi-

tional markers of disease severity as they give important predictive information. This 

underlines the importance of routinely asking patients about their PA level and SED in 

order to predict risk of future morbidity and mortality. Information on individual PA 

level is readily available from patients without any costly laboratory testing. In addition, 

this thesis shows that individuals who increased their activity level decreased their risk 

of premature death, implying that in order to promote health, it is never too late to sup-

port individuals to start being more physically active.  

 

In order to improve clinical work and identify and support individuals with in-

sufficient PA behaviour it is essential that healthcare professionals, politicians 

and other decision-makers understand its importance and are motivated. The re-

sults of this thesis (Studies I-III) could potentially contribute to this improve-

ment by clarifying the association between PA level and SED with health-related 
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outcomes such as hospital care utilisation and mortality. There is a need for fur-

ther implementation of existing guidelines for CVD prevention. Our results in 

Study IV indicate that in order to improve clinical work by promoting PA and 

other healthy lifestyle habits in patients treated on a cardiology department, man-

agement should focus on giving strong support and providing clear objectives 

and clear routines.  

 

It is only by asking all patients about their PA levels that we will be able to identify in-

dividuals with low levels of PA. Importantly, our results suggest that individuals with 

the lowest levels of PA and highest levels of SED will see the greatest health benefits 

when improving activity level or SED. This is important in clinical work as it may be 

easier for inactive individuals to improve their total PA level by increasing everyday ac-

tivities and decreasing sedentary time, than to increase the amount of physical exercise 

they undertake. This is partly because for an inactive patient, PA at a low level may be 

of relatively higher intensity, and thus being health-enhancing. When healthcare profes-

sionals identify individuals who need to increase their PA levels, they can offer individ-

ual-based support. This can potentially decrease the utilisation of inpatient care and pos-

sibly lower the risk of all-cause mortality of patients with different CV diagnoses.  

 

In summary, assessing baseline PA levels in clinical practice gives important predictive 

information, possibly increasing the motivation of healthcare personnel to work with 

lifestyle counselling. Individual PA levels can also be reassessed for further predictive 

information, and most importantly, increasing PA level is associated with improved 

health outcomes and reduced mortality. For this to happen, PA must be incorporated 

into standard clinical practice, needing structural and top-down support from manage-

ment. Incorporating PA assessment and individualised prescription into national guide-

lines and quality registries will aid this process, with the potential to decrease (lifestyle-

related) inequalities in healthcare.  

 

7.9 Future research 

Future research needs to develop valid methods of exploring PA levels among patients 

diagnosed with CVD within clinical practice. There are validated questionnaires in Swe-

dish available for a “standard” population, but it is not yet known whether they are valid 

for patients with CVD. In the future, it will probably be more common to use both sub-

jective and objective measurements of PA. These measure different parameters and can 

thereby complement each other. This thesis explored self-rated PA levels, but did not 

provide information on physical capacity. To date, it has been difficult to explore physi-

cal capacity (VO2) among patients with CVD due to the majority being prescribed beta-
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blockers, which impacts heart rate during rest and activity. It is thus important to de-

velop a valid physical capacity test for high-risk individuals medicated with beta-block-

ers.  

 

Studies I-III in this thesis, and previous studies in the literature, show that few individ-

uals reach the national recommendations of PA for secondary prevention of CVD (129, 

139, 175). This thesis identifies reasons for this by indicating that promoting PA is not 

an established part of clinical practice. However, this is not the whole truth. Making be-

havioural changes is difficult and takes time. Riegel et al. concluded that self-care man-

agement (i.e. supporting patients in understanding their central role in managing their 

illness, make informed decisions about care, and engage in healthy behaviours) is im-

portant in achieving treatment objectives. Thus, greater emphasis should be placed on 

self-care in evidence-based guidelines (186). Additionally, it would be of great value to 

explore perceived barriers to lifestyle changes among patients with CVD in order to cre-

ate individual-based interventions.  

 

Moreover, results from this thesis need to be backed up by intervention studies carried 

out in hospital settings. It would be of interest for more studies to explore perceived bar-

riers and facilitators to improving PA and other lifestyle habits among healthcare pro-

fessionals. An appropriate method could be via focus group interviews, focusing on 

healthcare professionals’ experiences. Additionally, organisational structures could be 

explored by examining existing documents and guidelines and observations in clinical 

practice.   
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8 CONCLUSIONS 

This thesis has shown that: 

 

 For patients with CVD, the risk of longer hospitalisation, readmission and mor-

tality is lower among physically active patients (Studies I, II and III). 

 

 Both PA level (everyday PA, physical exercise and total PA level), and SED 

during the period preceding hospitalisation for cardiac events were predictors 

of hospital stay duration, readmission and mortality. Interestingly, everyday 

PA is a better predictor of readmission than physical exercise (Study I).  

 

 A higher level of PA 6-8 weeks post MI is associated with a lower risk of hos-

pital readmission within 12 months, and all-cause mortality. For never smok-

ers, there was a weaker association with reduced all-cause mortality, and no as-

sociation with readmission within 12 months in the unadjusted analysis (Study 

II). 

 

 Patients who remained physically active during the first year post MI had the 

lowest risk of mortality. However, changes in PA level during the first year 

post MI are important. Risk of mortality was lower in patients who increased 

their PA, and greater in those who decreased their PA. The group with in-

creased PA post MI did not differ in survival from the constantly active group, 

therefore it appears that it is not too late to start being active post MI (Study 

III). 

 

 Importantly, in Studies I and II there were no differences between patients re-

porting a moderate or high level of PA, or a medium or low level of SED, illus-

trating that “a little activity is better than nothing” and that most health benefits 

would be achieved by increasing PA among the most inactive patients with 

CVD. 
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 The effect of regular PA and low SED for patients with CVD does not seem to 

differ across subgroups, e.g. patients with different CVD diagnoses, or individ-

uals with and without diabetes mellitus type II, hypertension or dyslipidaemia 

(Studies I, II and III).   

 

 There were differences in stated importance and clinical practice be-

tween the different lifestyle factors among healthcare professionals. Our 

results indicate that work with tobacco cessation is the most established 

(Study IV). 

 

 In general, healthcare professionals are positive towards, and consider it 

important to promote healthy lifestyle habits among patients within the 

healthcare sector in general, as well as in their own clinical practice. 

However, there is a wide gap between stated importance and clinical 

practice as only a minority asked or provided counselling on healthy 

lifestyle habits. Our results implicate that in order to close the gap be-

tween stated importance and clinical work to promote patients’ healthy 

lifestyle habits, healthcare management must focus on and improve or-

ganisational routines and objectives (Study IV).  
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9 SVENSK SAMMANFATTNING 

Både internationella och nationella riktlinjer betonar att hälso- och sjukvården ska an-

vända sig av fysisk aktivitet i sekundärpreventivt syfte för patienter med kardiovaskulär 

sjukdom. Tidigare studier som fokuserat på fysisk aktivitet för patienter som deltar i fy-

sisk träning inom hjärtrehabilitering, har konstaterat att deltagande i fysiskt träningspro-

gram minskar risken för återinläggningar och kardiovaskulär död. Trots detta så är det 

endast en minoritet av patienterna med kardiovaskulär sjukdom som deltar i denna orga-

niserade träning. Detta bidrar till att det saknas kunskap om såväl den totala fysiska ak-

tivitetsnivån bland patienter med kardiovaskulärsjukdom, som dess eventuella samband 

med vårdtid, återinläggning och total dödlighet. Det saknas även kunskap om hälso- och 

sjukvårdspersonalens kliniska arbete med att främja fysisk aktivitet i linje med de se-

kundärpreventiva riktlinjerna.  

 

Det övergripande syftet med den här avhandlingen var att undersöka om fysisk aktivitet 

används som en del av behandlingen för patienter med hjärtkärlsjukdom. Hur är fysisk 

aktivitetsnivån bland patienter med kardiovaskulärsjukdom samt dess eventuella sam-

band med vårdtid och återinläggningar och total dödlighet? I tre kohortstudier (studie I-

III) undersöktes sambandet mellan självskattad fysisk aktivitetsnivå, förändringar i fy-

sisk aktivitetsnivå respektive stillasittande tid med vårdtid, återinläggningar respektive 

total dödlighet. Data samlades in via frågeformulär, journalsystem och nationella regis-

ter. Studie I, undersökte vardagsmotion, fysisk träning och stillasittande tid före inlägg-

ning på hjärtvårdsavdelning bland patienter (n=1148) med kardiovaskulärsjukdom på 

två olika sjukhus i Stockholm. Studie II och III undersökte fysisk aktivitetsnivå det 

första året efter insjuknande i hjärtinfarkt och är baserade på det svenska kvalitetsregist-

ret SWEDEHEART och inkluderar 30 644 respektive 22 227 individer. Via en tvär-

snittsstudie (studie IV) undersöktes inställning till samt det kliniska arbetet med att 

främja patienters levnadsvanor (t.ex. fysisk aktivitet) bland hälso- och sjukvårdsperso-

nal (n: 251) på en hjärtklinik från två olika sjukhus i Stockholm.  
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De huvudsakliga fynden var: 

 

 Fysisk aktivitetsnivå (vardagsmotion, fysisk träning, total fysisk aktivitet) och 

stillasittande tid före och efter sjukhusvistelse för en hjärthändelse kan predi-

cera vårdtid, återinläggningar och total dödlighet.  

 Den positiva effekten av regelbunden fysisk aktivitet och låg grad av stillasit-

tande tid för patienter skiljde sig inte åt mellan olika kardiovaskulära diagno-

ser, kön, ålder eller komorbiditetstillstånd, såsom individer med och utan dia-

betes mellitus typ II, njurdysfunktion, hypertoni och blodfettsrubbningar.   

 Det fanns inga skillnader i risk för återinläggningar eller mortalitet mellan indi-

vider som rapporterade måttlig eller hög grad av fysisk aktivitet respektive låg 

eller måttlig grad av stillasittande tid. Detta tyder på att ”lite aktivitet är bättre 

än ingen” och de största hälsoeffekterna nås genom att öka aktivitetsnivån 

bland patienterna med lägst grad av fysisk aktivitet.   

 Förändringar i fysisk aktivitetsnivå det första året efter insjuknande i hjärtin-

farkt är viktigt. Risken för mortalitet sänks bland individer som ökar sin fy-

siska aktivitet och ökar bland dem som minskar sin fysiska aktivitetsnivå.   

 Hälso- och sjukvårdspersonal är positiva till och anser att det är viktigt att 

främja levnadsvanor bland patienter inom hälso- och sjukvården både generellt 

och inom deras eget arbete. Trots detta är det stora skillnader mellan hur viktigt 

detta arbete anses vara och i vilken grad de är en del av det kliniska arbetet, då 

endast en minoritet frågar och erbjuder rådgivning i hög grad till sina patienter. 

Våra resultat indikerar att det är ett samband mellan i vilken utsträckning per-

sonalen frågar patienter om deras levnadsvanor och/eller ger råd, med i vilken 

utsträckning de upplever att kliniken har tydliga rutiner och mål.  

 

Sammanfattningsvis är resultaten av denna avhandling av klinisk betydelse. Genom att 

fråga patienter på hjärtvårdsavdelning eller hjärtmottagning om deras fysiska aktivitet 

och stillasittande tid går det att identifiera individer med ett behov av att göra en beteen-

deförändring. Hälso- och sjukvårdspersonal kan potentiellt minska användandet av slu-

tenvårdinsatser och även sänka risken för total dödlighet bland patienter med kardiovas-

kulärsjukdom, genom att identifiera och ge stöd till individer med ett behov av att öka 

sin fysiska aktivitetsnivå. 
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