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CHAPTER 1 

 

General introduction
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1 
1.1 Determining the framework: the epidemiology of aging 

estern society’s industrial revolution had several important 

consequences, one of which is still ongoing: the medical revolution. 

Inventions, like penicillin, radioactivity, and Röntgen radiation, had the 

important consequences that all kinds of life threatening diseases, such as 

tuberculosis and poliomyelitis, could be detected earlier, and, eventually, could 

be turned from life threatening into recovery or life lasting. Together with 

improved sanitary conditions, this has lead to a decrease in infant mortality 

and increase in life expectancy, resulting, ultimately, in the proportion of 

people aged 65 years and older constituting an increasingly part of populations 

in Western society. In the Netherlands, for example, this proportion will have 

increased from 7.7% in 1950 to an expected 23.4% in 2040 [1].  

The earlier detection of certain diseases in combination with the life 

lasting character of diseases (instead of life threatening) also has the 

consequence that persons are more likely to be struck by chronic disease as 

they age. Therefore, an increasingly great part of the aging population will 

spend an increasingly great part of their life with chronic diseases.  

As shown in the table with percentages of reported chronic diseases in 

the Dutch population [2], the one-year prevalence of musculoskeletal disorders 

in persons aged 25 through 54 years was 8.3%, while the one-year prevalence 

in persons aged 55 years and over was 36.1% (Table 1.1). For high blood 

pressure the one-year prevalence in persons aged 25 through 54 years is 

6.8%, while the one-year prevalence in persons aged 55 years and over is 

24.4%. As a last example, only 1.2% of persons aged 25-54 years reported to 

have (had) heart disease, while almost 10% of the persons aged 55 years and 

over indicated to have (had) a serious heart condition or myocardial infarction. 

In the age group 25 through 54 years only 15.8% has two or more chronic 

diseases, whereas 35.5% of the age group 55 years and over reported two or 

more chronic disease. This suggests not only that aging is associated with an 

increased risk of being struck by chronic diseases, but also that being struck by 

chronic disease is associated with an increased risk of more chronic conditions.  

Being struck by a chronic disease can be the start of a natural sequence 

of events that occurs as a consequence of disease and that culminates in 

disability [3]. This disease-disability pathway has been described before [4,5],  

W 
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Table 1.1: Estimated one-year prevalencea of reported chronic diseases  
in the Dutch population, stratified by age categories. 
 
Chronic diseases         25 – 54 years  >54 years 

Musculoskeletal disordersb    8.3%      36.1% 

High blood pressure     6.8%      24.4% 

Back injury      10.1%     15.4% 

Heart diseasec      1.2%      9.6% 

Lung diseased      7.5%      9.0% 

Diabetes mellitus     1.3%      7.1% 

Cancer or malignancies    0.8%      3.9% 

Vertigo (with falling)     1.0%      3.8% 

Gastrointestinal disordere    1.9%      3.5% 

Thyroid disorder     1.4%      3.3% 

(Consequences of) Stroke    0.2%      2.6% 

% with 2 or more chronic diseases  15.8%     35.5% 

a Year of reference is 2000, source Statistics Netherlands; b Included: arthrosis, (rheumatoid)  
arthritis, and other rheumatic disorders; c Included: myocardial infarction and other serious  
heart diseases; d Included: asthma, bronchitis, and lung emfysema; e Included: gastrointestinal  
disorders present for more than three months, gastric ulcers, and ulcers of the duodenum. 

 

but has been extended and innovated by Verbrugge and Jette [6] in their 

disablement process, where ‘disablement’ refers to “the impact that chronic 

(…) conditions have on the functioning of specific body systems and on 

people’s abilities to act in necessary, usual, expected, and personally desired 

ways in their society”, and ‘process’ refers to “the interest in the dynamics of 

disablement; that is the trajectory of functional consequences over time and 

the factors that affect their direction, pace, and patterns of change”. 

Specifically, the disablement process is initiated by disease or pathology. When 

confronted by disease (e.g., arthritis), a person may encounter impairments of 

the disease: the body mobilizes its’ resources and defense mechanisms (e.g., 

pain, joint inflammation) against the abnormal state of disease in an attempt 

to return to its’ normal state. Because of these impairments, a person may be 
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limited functionally in performing routine tasks in a usual way (e.g., difficulty 

in grasping and rotating fixed objects). The persistent functional limitation in 

routine tasks can cause a person to be no longer able to adequately perform a 

functional or social role, and can qualify a person as disabled. For example, no 

longer being able to turn on a water faucet hinders the role of self-care.  

The pathway from disease to disability is not inexorable [7]. Each of the 

steps in the disablement process can be modified by predisposing risk factors 

(present before disease manifestation: e.g., biological, lifestyle, demographic 

factors, socioeconomic status), extra-individual factors (e.g., health insurance, 

surgery, medication), and intra-individual factors (e.g., coping style, lifestyle 

changes, symptoms of depression). 

Traditionally, medicine used to focus on causes of diseases, and reducing 

incidence of diseases by eradicating etiologic factors (primary prevention). 

However, as medicine is being confronted with an increasingly great part of the 

aging population spending an increasingly great part of their life with more 

chronic diseases, the need arises for reducing chronic disease burden by early 

detection and effective initial treatment (secondary prevention). As there is no 

cure (yet) for chronic diseases, tertiary prevention, aimed at preventing 

additional morbidity as a consequence of initial chronic disease, seems the 

strategy indicated to follow in order to add life to years of older people, instead 

of only years to life [6,8,9]. An example of tertiary prevention is promoting 

healthy lifestyles, such as giving up smoking, moderate alcohol intake, being 

physically active for at least 30 minutes per day on average, and following a 

well-balanced diet. 

So, gradually, a different way of thinking is noticeable in medicine 

regarding chronic diseases. Whereas medicine traditionally was focused on 

preventing or eliminating causes of each disease (model of primary causality), 

nowadays the focus is on the model of circular causality, in which causes and 

consequences of diseases are difficult to distinguish: the consequences of the 

one disease may be the cause of another disease, the consequences of which 

may be the cause of yet another disease, and so on… Effective tertiary 

prevention of chronic diseases should foremost aim at assessing all aspects of 

chronic disease. Which chronic diseases are more common? What kind of 

comorbid conditions can be distinguished? The epidemiology of aging tries to 
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explore what diseases become more prevalent as people age, what 

determinants are facilitating for being struck by diseases typical of old age, 

and what factors are protective for being struck by these diseases. Knowing 

this, tertiary prevention of chronic diseases can then investigate possibilities to 

intervene on this negative circular chain, and prevent or diminish negative 

consequences of disease in terms of impairments, limitations, or even disability 

[10].  

 

1.2 Associations between chronic disease, depression, and 

health behavior 
Chronic diseases differ greatly regarding onset (acute vs. gradual), course 

(progressive decline vs. constant or episodic), functional incapacitation 

(disabling vs. no incapacitation), prognosis (fatal or life-threatening vs. 

recovery or life lasting), and illness controllability (low vs. high; [11]). As 

described before, aging is associated with an increased risk of all kinds of 

potentially disabling chronic diseases. Chronic diseases not only negatively 

influence physical functioning, but can also have an unfavorable influence on 

(symptoms of) depression [12]. Depression, in its’ turn, can provoke (or 

worsen the course of) chronic disease [13,14]. In both cross-sectional and 

longitudinal studies, people with specific diseases reported more symptoms of 

depression, as compared to those without chronic diseases [15-19]. Moreover, 

a higher number of chronic diseases is strongly associated with more 

depressive symptomatology [20,21]. Bearing in mind the earlier mentioned 

higher numbers of chronic diseases in older people, this places persons of 55 

years and over at increased risk of more symptoms of depression related to 

chronic diseases.  

There are several possible mechanisms to explain the association 

frequently found between chronic diseases and depression. First, structural or 

neurochemical changes of the brain, or immune system deficiencies may be 

the cause of depression [18,22]. Second, psychosocial consequences of the 

disease, such as decreased quality of life, may lead to depression [23]. There 

are also several possible mechanisms through which depression can lead to 

chronic diseases. A biological mechanism in the case of heart disease is that 

depression goes together with elevated plasma norepinephrine, increased 
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heart rate, and reduced heart-rate variability [24,25], ultimately leading to 

heart disease. Another mechanism through which depression can lead to 

chronic diseases is that more symptoms of depression could lead to an 

increase in smoking behavior, an increase in alcohol intake, and a decrease in 

physical activity, and less adherence to medical regimen. These unhealthy 

behaviors are well known risk factors for chronic disease incidence or 

worsening [26,27]. Finally, both chronic disease and depression could well be 

symptoms of mutually shared underlying latent pathology or disease [28], as 

for example too high levels of the thyroid hormone thyroxine and symptoms of 

depression are both symptoms of hyperthyroid disorder. Ultimately, one can 

say that the mechanisms of chronic disease causing depression and the 

mechanisms of depression causing or worsening chronic disease seem to 

increase the risk of each other over time. 

Chronic diseases and health behavior, which we defined in our study as 

smoking behavior, alcohol intake, physical activity, body composition, and the 

extent to which people adhere to health advice or medication (regimen 

adherence) are unmistakably intertwined. Chronic disease incidence, for 

example arthritis, may cause a physically active person to transcend to an 

unhealthy sedentary lifestyle, as the pain of his or her condition is too much of 

an impediment in being physically active. Also, healthy lifestyle changes may 

be indicated to prevent chronic disease incidence or worsening [29]. Chronic 

disease prevention is a good example of how changing lifestyles (e.g., quit 

smoking) or enhancing regimen adherence (e.g., attending smoking cessation 

classes) can contribute to the prevention of chronic disease incidence or 

worsening (preventing myocardial infarction incidence, or preventing 

atherosclerosis from worsening).  

There are a number of studies available that have examined the 

association between depression and unhealthy lifestyles, particularly in older 

people. It seems that depressed persons are more likely than non-depressed 

persons to engage in unhealthy lifestyles, such as smoking, excessive alcohol 

intake, physical inactivity, unhealthy eating habits, and intervention non-

compliance [30-32]. About the effect of health behavior on depression, it can 

be said that regular physical activity was protective for both prevalent as well 

as incident depression [33]. Also, in a prospective study physical inactivity was 
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found to be a risk factor for symptoms of depression [34]. Regarding the other 

health behavior concepts and their association with depression: nicotine 

dependent as to non-nicotine dependent, but also smokers as to non-smokers 

had higher depression scores [35,36]; alcoholics as to non-alcoholics were at 

higher risk of depression, whereas non-alcoholics experienced mood-enhancing 

effects when using alcohol [37]; and being extremely obese was associated 

with the increased risk for depression [38]. 

 

1.3 Study objectives 
The primary objective of this study is to gain more insight into the reciprocal 

associations between depression, health behavior, and the course of chronic 

disease among late middle aged and older persons, as depicted in the 

conceptual model (Figure 1.1). In order to attain this primary objective, the 

data of three different longitudinal studies were made available to us, with 

which specific research questions will be answered. The Arthritis, Diet, and 

Activity Promotion Trial (ADAPT) is a randomized controlled trial that compared  

effectiveness of three interventions with a control group on physical function of 

316 overweight and obese older adults with knee OA, carried out by Wake 

Forest University in Winston-Salem (NC, United States). The Longitudinal 

Aging Study Amsterdam (LASA) is an ongoing, population-based cohort-study 

on predictors and consequences of changes in well-being and autonomy among 

3107 late middle- and older aged adults, carried out by the Vrije Universiteit of 

Amsterdam. Finally, the Maastricht Aging Study (MAAS) is an ongoing, 

 

 

 

 

 

 

 

 

Note: The numbered arrows in the figure refer to the different chapters in this dissertation 

 

Figure 1.1: Conceptual model of our study 
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population-based cohort-study on determinants of successful (cognitive) aging 

among 3449 adults, aged between 24 and 81 years, and carried out by the 

Universiteit Maastricht. 

Specifically, our research questions – which correspond both with the 

respective numbered arrows in the conceptual model and with the chapter 

numbers in this dissertation – are: 

2) What determinants predict high and low intervention adherence to an 

18-month intervention program in the Arthritis, Diet, and Activity Promotion 

Trial? In this study we examined whether determinants from the domains of 

chronic disease, lifestyle, and mental health, amongst others, could predict the 

extent of attendance to intervention sessions among older respondents with 

knee osteoarthritis; 

3) Is exercise adherence to an 18-month intervention program associated 

with improvements in physical function in the Arthritis, Diet, and Activity 

Promotion Trial? In this study we examined whether the extent of attendance 

to intervention sessions was predictive of improvements in physical function 

and self-reported disability among older respondents with knee osteoarthritis; 

4) Is chronic disease status associated with changes in unhealthy lifestyle in 

the Longitudinal Aging Study Amsterdam? In this study we analyzed whether 

lifestyle patterns changed during a six-year period, and whether these changes 

were different among specific chronic diseases among late middle aged and 

older community-dwelling respondents;  

5) Are (changes in) lifestyle associated with symptoms of depression in the 

Maastricht Aging Study? In this study we analyzed the effect of smoking, 

alcohol use, level of physical exercise, and body mass index, and the changes 

herein over a six-year period, on subsequent depression among adult 

respondents from the general population;  

6) Are (changes in) symptoms of depression associated with lifestyle in the 

Longitudinal Aging Study Amsterdam? In this study we examined the effect of 

being depressed, and changes in being depressed over a six-year period, on 

smoking, alcohol use, level of physical exercise, and the changes herein over a 

six-year period among late middle aged and older community-dwelling 

respondents; 
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7) What is the impact of depression on the process of disablement in the 

Longitudinal Aging Study Amsterdam? In this study we analyzed whether the 

process of disablement could be identified in our sample of late middle aged 

and older community-dwelling respondents and whether or not depression 

accelerated this process. 

Results may provide insights into determinants of the associations 

between depression, health behavior, and the course of chronic disease that 

are amenable to change, which can potentially be used in intervention 

research, and may therefore be relevant for clinical practice. Additionally, the 

outcome may contribute to improvements in public health policy and to cost-

effective health care. 
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CHAPTER 2 * 

 

Determinants of high and low attendance to diet and 

exercise interventions among overweight 

and obese older adults 
 

Results from the Arthritis, Diet, and Activity Promotion Trial 
 

Coen H. van Gool, Brenda W.J.H. Penninx, Gertrudis I.J.M. Kempen, 
Gary D. Miller, Jacques Th.M. van Eijk, Marco Pahor, Stephen Messier 

 
 
 
Abstract 
Background: Determinants of compliance to lifestyle regimens are not well 
understood. Attendance to intervention sessions is crucial for patients to 
acquire knowledge and skills regarding the core elements of an intervention, 
and can be seen as a prerequisite of intervention compliance. We explored 
demographic, health-related, and social determinants of high and low 
attendance to diet and exercise sessions among overweight and obese persons 
(≥ 60 years; N = 206) with knee osteoarthritis. Methods: The Arthritis, Diet, 
and Activity Promotion Trial was an 18-month randomized controlled trial on 
the effectiveness of dietary weight loss and exercise interventions. We 
conducted chi-square and t-tests, and logistic regression analyses on 
categories of short- and long-term attendance to intervention sessions. 
Results: Over the 18-month duration of the study, 60.7% (± 28.5) of diet 
sessions, and 53.2% (± 29.0) of exercise sessions were attended. Not being 
married, low social participation, and single intervention randomization 
predicted high attendance to diet sessions during months 1 to 4. Exercising at 
home (versus at the facility), and single intervention randomization predicted 
high attendance to exercise sessions during months 5 to 18. For both 
interventions high attendance to intervention sessions during months 1 to 4 
was a significant determinant of high intervention session attendance 
thereafter. Conclusions: Among overweight and obese knee osteoarthritis 
patients, determinants of diet and exercise session attendance differ. Giving 
people a choice to do their exercise at least partly at home and stimulating 
early intervention session attendance can be effective in improving long-term 
attendance to both interventions. 
 
Keywords: knee osteoarthritis, obesity, patient compliance.

                                                 
* As submitted to Controlled Clinical Trials. 
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2.1 Introduction 

nee osteoarthritis (OA) is a leading cause of decreasing physical function 

among older adults [1-3], which ultimately may limit a person's 

independence of living. Study outcomes have prompted the American College 

of Rheumatology to recommend weight loss and exercise for obese patients 

with knee OA [4]. There is evidence that obesity is strongly associated with 

knee OA [5-7], and that weight loss may prevent the worsening of this 

degenerative joint disease [8]. Exercise programs have demonstrated 

improvements in mobility among patients with knee OA [5,9-11]. However, 

success of efforts for pain relief and improvement of clinical outcomes in 

patients with OA is largely dependent on intervention compliance [12]. 

Attendance to intervention sessions is crucial for patients to acquire knowledge 

and skills regarding the core elements of an intervention. Hence, attendance to 

intervention sessions can be seen as an important prerequisite of intervention 

compliance.  

Recent reviews on physical activity interventions identify advanced age, 

female gender, low educational level, smoking, being overweight, low social 

support and medical concerns as determinants of poor intervention session 

attendance [13-16]. However, as these determinants were derived from 

studies using short-term interventions and short follow-up durations in young 

and healthy samples, it remains unclear whether these determinants apply to 

older, more diseased persons. Determinants of attendance to diet intervention 

sessions are less well studied [17-19]. To our knowledge, no study has 

examined the impact of the same set of determinants on both diet and 

exercise session attendance.  

We explored determinants of high and low attendance to an 18-month 

dietary weight loss and an 18-month exercise intervention. We selected a 

broad range of determinants – demographics, health-related, and social 

variables – since it has been indicated by previous research that all of these 

domains may be important for intervention session attendance [14,15]. 

Understanding determinants of high and low diet and exercise session 

attendance may be helpful to tailor future therapies to maximize intervention 

session attendance among overweight and obese older people with knee OA, 

which is pivotal in developing effective interventions [16,20-22]. 

K
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2.2 Methods 
Design 

The Arthritis, Diet, and Activity Promotion Trial (ADAPT) was a randomized 

controlled trial to compare effectiveness of three 18-months interventions – a 

dietary weight loss program (WL), an exercise program (EX), and a dietary 

weight loss plus exercise program (WL+EX) – with a healthy lifestyle control 

group on physical function of overweight and obese adults with knee OA. Main 

study findings indicated that especially participants in the WL+EX program 

improved their physical function and health-related quality of life over time. 

Detailed information on all interventions as well as sampling and data-

collection procedures, and main study outcomes can be found elsewhere [23-

25]. The current study reports on determinants of high and low attendance to 

sessions of the intervention programs. 

 

Study sample and Intervention 

Inclusion criteria for study participation were: 1) age ≥ 60 years; 2) body mass 

index (BMI) ≥ 28 kg/m2; 3) knee pain on most of the days; 4) sedentary 

activity pattern for the past 6 months with less than 20 minutes of formal 

exercise once a week; 5) self-reported difficulty ascribed to knee pain in at 

least one activity of daily living; and 6) radiographic evidence of tibia-femoral 

OA. Potential participants were excluded if they: 1) had a serious medical 

condition that prevented safe participation in the exercise intervention 

program; 2) had a mini-mental state examination (MMSE [26]) score ≤ 23; 3) 

could not finish the 18 month trial due to severe psychiatric morbidity or 

terminal illness; or 4) were unable to walk without an assistive device. After 

pre-screening 2,209 persons, written informed consent was obtained from 316 

participants. They were randomly assigned to one of four study groups: 82 in 

the WL intervention, 80 in the EX intervention, 76 in the WL+EX intervention, 

and 78 in the healthy lifestyle control group. Since we wanted to explore 

determinants of intervention session attendance, only the three intervention 

groups (N = 238) were included in our secondary data analyses. The study 

was conducted at the Claude D. Pepper Older Americans Independence center 

of Wake Forest University with the approval of the institutional review board. 

Participant progress during the study is depicted in Figure 2.1.  
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Figure 2.1: Flowchart of participant progress in ADAPT study.

Intervention session Intervention session Number of participants in each 
participation at Loss to follow-up participation at intervention at the end of the 

Interventions: baseline: during intervention period: follow-up: study with valid measurements:

Weight loss 
program (WL)

(n=82)

Weight loss + 
Exercise program 
(WL+EX) (n=76)

Control group
(n=78)

Diet sessions
(n=158)

Exercise sessions 
(n=156)

Control group 
healthy lifestyle 

education (n=78)

Exercise program 
(EX)

(n=80)

Diet sessions
(n=137)

Exercise sessions 
(n=133)

WL program
(n=73)

WL+EX program
(n=64)

Control group
(n=73)

EX program
(n=69)

Control group 
healthy lifestyle 

education (n=73)

WL+EX program 
(n=12)

WL program (n=9)

EX program (n=11)

Control group 
(n=5)

Ineligible
(n=1569

To
ta

l p
er

so
ns

 p
re

-s
cr

ee
ne

d 
(n

=2
20

9)

R
an

do
m
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ed

 (n
=3

16
)

Declined 
(n=297)

 
The goal of the WL program was to achieve and maintain an average 

weight loss of 5% during 18 months. This was done through diet sessions. 

During the first four months (initiation phase) an individual introductory 

session was followed by 16 weekly sessions in a 1:3 ratio of individual versus 

group sessions. The transition and maintenance phase (maintenance phase; 

months 5 to 18) started with one individual and three group sessions bi-weekly 

over an eight-week period. Hereafter, meetings were held monthly, also in a 

1:3 ratio of individual versus group contact, followed by telephone contacts, 

initiated by a study interviewer, two weeks after the meeting. 

The EX program intended to expand aerobic and resistance-training 

capacities. The three days per week exercise program -the exercise sessions- 

consisted of two 15 minutes aerobics phases, during which participants walked 

within a range of 50-75% of their heart rate reserve, and were separated by a 

15 minutes resistance-training phase, which consisted of two sets of 12 

repetitions of the following exercises: leg extension, leg curl, heel raise, and 

step up. Ankle cuff weights and weighted vests provided resistance. Fifteen 

minutes of cooling down ended each session. The initiation phase was held at 

the facility. In the maintenance phase participants could either choose to 

exercise at home, exercise in a facility-based program, or in a combined 

facility-home-based program. Those who had opted for the (combined) home-

based program were expected to exercise as much as the facility-based 

participants – 60 minutes, three days a week – and had to keep daily exercise 

logs, in which they were asked to carefully report on exercise frequency, 

duration, and achieved heart rate. 

Participants in the WL+EX program underwent an exact combination of 

the aforementioned WL and EX interventions. During the first four months diet 
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sessions and exercise sessions were done consecutively and on the same day. 

Transportation to intervention sessions, and to baseline, six-, and 18-months 

post-randomization assessment visits was provided for all participants when 

needed. Intervention participation was stimulated by reminder telephone calls. 

Additionally, if participants did not show-up at intervention sessions, they were 

contacted by telephone as well. 

 

Measurements 

Outcome measures 

We assessed diet session attendance by dividing the number of times 

participants actually attended diet sessions or responded (telephone contact), 

by the number of sessions participants were asked to attend, or number of 

times participants were asked to respond, multiplied by 100%. Exercise 

session attendance was measured by dividing the number of exercise sessions 

participants actually attended or exercised at home (exercise log) by the 

number of sessions participants were asked to attend or exercise at home, 

multiplied by 100%. As we used a different time frame in our analyses and 

included a different number of participants in our sample than the main study 

outcome paper did, intervention session attendance percentages may differ 

across studies [24]. 

Since determinants of session attendance early in the intervention may 

differ from those later on in the intervention [20], we distinguished between 

initiation phase and maintenance phase in the analyses. Preliminary analyses 

indicated that both diet session attendance and exercise session attendance 

were not distributed normally. Therefore, we created four dichotomous 

outcome variables in which both initiation phase and maintenance phase 

session attendance were divided at median value into two approximately 

equally large categories, labeled low and high diet and exercise session 

attendance, respectively.  

 

Determinants 

Age, gender, marital status, years of education, and ethnicity were self-

reported at baseline. Participants’ self-reported medical histories at baseline 

assessed presence of arthritis in other sites of their bodies (yes/no), and 
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presence of the following chronic diseases (yes/no): cardiovascular disease 

(CVD), cancer, diabetes, and lung disease. Study staff recorded participants’ 

weight in kilograms and height in meters at the facility, with which baseline 

BMI was calculated. Baseline self-reported physical function was measured 

with the Western Ontario and McMaster Universities Osteoarthritis Index 

(WOMAC) [27] and consisted of three sub scales: a) Function: difficulty 

performing activities of daily living, b) Pain: pain experienced due to arthritis, 

and c) Stiffness: severity of experienced stiffness. Three separate scale scores 

were used in the analyses, with high scores indicating, respectively, more 

difficulty, more pain, and more stiffness. The MMSE, administered by study 

staff, was used to assess cognitive function at baseline [26]. Since we used a 

MMSE score ≤ 23 as an exclusion criterion, MMSE scores ranged from 24 to 30 

(mildly impaired to good cognitive function, respectively). At baseline, 

participants were encouraged to complete a 6-minute walk test as quickly as 

possible without wearing a watch [28], from which walking speed in meters 

per second was derived. Participants were asked about their baseline smoking 

status (yes/no) and alcohol consumption (yes/no). We used the baseline 

Mental Health (5 items) and Social Functioning (2 items) scales of the Short 

Form 36 Quality of Life Health Survey (SF-36), which assess, respectively, 

participants’ perceptions of their mental health and social functioning [29]. 

Baseline social support was assessed by the Medical Outcomes Study Social 

Support Survey [30]. Scores on these three scales ranged from 0 to 100. As a 

measure of social participation we used participants’ baseline responses to 4 

questions whether they were a member of any religious community (yes/no), 

any organized club (yes/no), social organization (yes/no), and the frequency of 

attendance to these (never or almost never/once or twice a year/once a 

month/once a week/more than once a week). The sum score ranged from 2 to 

12, with high scores indicating higher social participation.  

As attendance of intervention sessions is not stable over time, we considered 

percentage session attendance in the initiation phase to be a potential 

determinant of attendance to intervention sessions in the maintenance phase. 

Intervention randomization - i.e. being allocated to a single versus a combined 

intervention - was considered to be a potential determinant of attendance to 

intervention sessions. Finally, since participants in the EX and WL+EX 
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intervention could choose their location of exercise after the initiation phase (at 

least partly at home versus at the facility), it was considered a potential 

determinant of exercise session attendance. 

 

Statistical analyses 

After descriptive analyses at baseline, we conducted chi-square and t-tests, 

and multivariate logistic regression analyses, with determinants of attendance 

as independent variable and dichotomous categories of session attendance as 

dependent variables, with odds ratios (OR’s) and 95% confidence intervals 

(95%CI). Chi-square and t-tests identified relevant determinants. Statistical 

significance of p ≤ .15 in univariate analyses was used as criterion for inclusion 

in additional multivariate analyses, which identified unique contributions of 

those determinants.  

 

2.3 Results 
Follow-up data on intervention outcome measurements of 32 of the 

participants (N = 238) were unavailable due to illness incidence, refusal, or 

moving out of the region. A chi-square test showed that non-respondents were 

divided evenly over intervention groups (p = .67). We included 73 out of 82 

(89.0%) participants who were randomized into the WL intervention, 69 out of 

80 (86.3%) who were randomized into the EX intervention, and 64 out of 76 

(84.2%) who were randomized into the WL+EX intervention (N = 206). Chi-

square and t-tests showed that intervention groups did not differ significantly 

on any of the baseline variables. Participants’ mean age was 68.3 years (SD = 

6.1), 25.7% were male, 59.3% were married, 27.7% had an education of 12 

years or less, and the 26.6% non-white ethnicity consisted of 26.1% African-

American and 0.5% Hispanic participants. Mean percentage attendance to diet 

sessions over the 18-month duration was 60.7% (± 28.5). The initiation phase 

of the diet sessions was inclined to be attended better by the WL intervention 

group than by the WL+EX intervention group (72.8% vs. 63.9%; p = .07), 

whereas there was no significant difference in attendance in the maintenance 

phase of the diet sessions (55.2% vs. 48.9%; p = .26). Overall attendance to 

diet sessions (N = 137) decreased over time from 68.6% (± 28.5) in the first 

four months of the study to 52.3% (± 31.9) in the last 14 months of the study. 
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Mean percentage attendance to exercise sessions was 53.2% (± 29.0). The 

percentage exercise session attendance did not differ significantly between the 

EX intervention group and the WL+EX intervention group for either the 

initiation phase (67.8% vs. 69.9%; p = .64), or the maintenance phase 

(51.2% vs. 48.5%; p = .63). Overall exercise session attendance (N = 133) 

decreased over time from 68.8% (± 26.2) in the first four months of the study 

to 49.9% (± 32.2) in the last 14 months of the study (not tabulated).  

Since the percentages attendance to intervention sessions are rather 

comparable across groups, we merged data from weight loss groups (WL and 

WL+EX; N = 137) and exercise groups (EX and WL+EX; N = 133) for further 

analyses on determinants of either diet session or exercise session attendance. 

In order to do so, we had to verify that intervention assignment (single or 

double intervention) did not interact with other determinants of attendance. 

Consequently, we examined the significance of interaction terms between 

determinants x intervention assignment on high or low session attendance in 

multivariate analyses. We found 3 interaction effects out of 91 possible, which 

can be attributed to chance. These analyses show that determinants of 

attendance were overall not different for participants who were assigned to a 

single versus a double intervention. We therefore merged data from 

participants with similar interventions for the purpose of subsequent analyses, 

resulting in one weight loss group who attended diet sessions and one exercise 

group who attended exercise sessions. 

Median cut-off value for categories of attendance to diet sessions in the 

initiation phase was 75%: 70 respondents attended less than or 75% of all diet 

sessions in the first four months and were assigned to the low attendance 

category; 67 respondents attended more than 75% of all diet sessions and 

were assigned to the high attendance category. Similarly, median cut-off value 

for categories of attendance to diet sessions in the maintenance phase was 

60%: 70 respondents attended less than or 60% of all diet sessions and were 

assigned to the low attendance category; 67 respondents attended more than 

60% of all diet sessions in months 5 to 18 and were assigned to the high 

attendance category. Median cut-off value for categories of attendance to 

exercise sessions in the initiation phase was 75%: 66 respondents attended 

less than or 75% of all exercise sessions in the first four months and were 



 

 21

2 

 Ta
bl

e 
2.

1:
 U

ni
va

ria
te

 C
hi

-s
qu

ar
e 

an
d 

t-t
es

ts
, m

ul
tiv

ar
ia

te
 o

dd
s 

ra
tio

s 
(O

R
's

), 
an

d 
95

%
 c

on
fid

en
ce

 in
te

rv
al

s 
(9

5%
C

I) 
of

 
de

te
rm

in
an

ts
 o

f c
at

eg
or

ie
s 

lo
w

 a
nd

 h
ig

h 
at

te
nd

an
ce

 to
 d

ie
t s

es
si

on
s 

(N
 =

 1
37

)

Lo
w

 a
tte

nd
an

ce
H

ig
h 

 a
tte

nd
an

ce
O

R
 (9

5%
C

I)
Lo

w
 a

tte
nd

an
ce

H
ig

h 
 a

tte
nd

an
ce

O
R

 (9
5%

C
I)

D
et

er
m

in
an

ts
M

ea
n 

(S
D

) /
 %

M
ea

n 
(S

D
) /

 %
Lo

w
 v

s.
 h

ig
h 

at
te

nd
an

ce
M

ea
n 

(S
D

) /
 %

M
ea

n 
(S

D
) /

 %
Lo

w
 v

s.
 h

ig
h 

at
te

nd
an

ce

%
 L

ow
es

t a
tte

nd
an

ce
 c

at
eg

or
y 

in
 th

e 
In

iti
at

io
n 

ph
as

e
 N

.A
.a

N
.A

.
75

.7
25

.4
**

  9
.7

3 
(4

.3
3 

- 2
1.

88
)*

*
%

 W
ei

gh
t L

os
s 

+ 
E

xe
rc

is
e 

in
te

rv
en

tio
n 

(W
L+

E
X

)
54

.3
 3

8.
8†

 0
.4

5 
(0

.2
1 

- 0
.9

9)
*

47
.1

46
.3

A
ge

67
.4

 (6
.2

)
68

.6
 (5

.8
)

67
.8

 (5
.9

)
68

.2
 (6

.2
)

%
 F

em
al

e
70

.0
79

.1
71

.4
77

.6
%

 M
ar

rie
d

65
.7

 5
1.

5†
  0

.3
1 

(0
.1

4 
- 0

.7
3)

**
60

.9
56

.7
%

 L
es

s 
th

an
 1

3 
ye

ar
s 

of
 e

du
ca

tio
n

24
.6

25
.8

24
.6

25
.8

%
 N

on
-w

hi
te

 e
th

ni
ci

ty
33

.3
 2

1.
2†

0.
57

 (0
.2

2 
- 1

.4
5)

24
.6

30
.3

%
 O

th
er

 s
ite

s 
af

fe
ct

ed
 w

ith
 a

rth
rit

is
58

.6
62

.7
60

.0
61

.2
%

 C
ar

di
ov

as
cu

la
r d

is
ea

se
68

.6
67

.2
65

.7
70

.1
%

 C
an

ce
r

11
.4

16
.4

12
.9

14
.9

%
 D

ia
be

te
s 

M
el

lit
us

5.
7

9.
0

7.
1

7.
5

%
 L

un
g 

D
is

ea
se

12
.9

16
.4

18
.6

 1
0.

4‡
0.

33
 (0

.1
1 

- 1
.0

5)
B

od
y 

M
as

s 
In

de
xc

34
.3

 (5
.4

)
34

.6
 (4

.7
)

34
.8

 (5
.2

)
34

.0
 (4

.9
)

W
O

M
A

C
b -F

un
ct

io
n 

sc
or

ec
23

.4
 (1

2.
2)

21
.7

 (1
0.

5)
22

.9
 (1

2.
9)

22
.3

 (9
.8

)
W

O
M

A
C

-P
ai

n 
sc

or
ec

6.
7 

(3
.6

)
6.

7 
(3

.2
)

6.
8 

(3
.8

)
6.

6 
(2

.9
)

W
O

M
A

C
-S

tif
fn

es
sc

3.
6 

(1
.6

)
3.

7 
(1

.4
)

3.
7 

(1
.7

)
3.

5 
(1

.2
)

C
og

ni
tiv

e 
Fu

nc
tio

nd 
28

.9
 (1

.2
)

 2
9.

2 
(1

.1
)‡

1.
27

 (0
.9

0 
- 1

.7
9)

28
.9

 (1
.2

)
 2

9.
2 

(1
.1

)‡
W

al
ki

ng
 S

pe
ed

 (m
et

er
s 

/ s
ec

on
d)

d
1.

16
 (0

.3
)

1.
16

 (0
.2

)
1.

16
 (0

.3
)

1.
16

 (0
.2

)
%

 S
m

ok
in

g
10

.0
1.

5*
0.

13
 (0

.0
1 

- 1
.3

5)
7.

1
4.

5
%

 D
rin

ki
ng

 a
lc

oh
ol

48
.6

49
.3

48
.6

49
.3

S
F-

36
e  M

en
ta

l H
ea

lth
 s

co
re

d
76

.0
 (1

5.
9)

 7
9.

9 
(1

3.
5)

‡
1.

02
 (0

.9
9 

- 1
.0

5)
76

.1
 (1

5.
2)

 7
9.

8 
(1

4.
3)

‡
1.

01
 (0

.9
8 

- 1
.0

4)
S

F-
36

 S
oc

ia
l F

un
ct

io
ni

ng
 s

co
re

d
74

.6
 (2

5.
5)

79
.1

 (2
0.

3)
75

.2
 (2

4.
8)

78
.5

 (2
1.

4)
M

O
S

f -S
oc

ia
l S

up
po

rt 
sc

or
ed

75
.9

 (1
5.

7)
75

.3
 (1

7.
3)

76
.4

 (1
5.

9)
74

.8
 (1

7.
0)

S
oc

ia
l p

ar
tic

ip
at

io
nd

8.
1 

(2
.3

)
 7

.3
*

 0
.8

3 
(0

.7
0 

- 0
.9

8)
*

7.
9 

(2
.4

)
7.

5 
(2

.5
)

at
te

nd
an

ce
 to

 d
ie

t i
nt

er
ve

nt
io

n 
se

ss
io

ns
 in

 th
e 

in
iti

at
io

n 
ph

as
e 

w
er

e:
 lo

w
 (n

 =
 7

0)
 a

nd
 h

ig
h 

(n
 =

 6
7)

; C
at

eg
or

ie
s 

of
 a

tte
nd

an
ce

 to
 d

ie
t i

nt
er

ve
nt

io
n 

se
ss

io
ns

 in
 th

e 
m

ai
nt

en
an

ce
 p

ha
se

 w
er

e

In
iti

at
io

n 
ph

as
e 

(m
on

th
s 

1 
- 4

)
M

ai
nt

en
an

ce
 p

ha
se

 (m
on

th
s 

5 
- 1

8)

**
 p

 <
 .0

1;
 *

 p
 <

 .0
5;

 † 
p

 <
 .1

0;
 ‡ 

p
 <

 .1
5;

 a  N
ot

 A
pp

lic
ab

le
; b  W

es
te

rn
 O

nt
ar

io
 &

 M
cM

as
te

r U
ni

ve
rs

ity
 O

st
eo

ar
th

rit
is

 In
de

x 
(W

O
M

A
C

); 
c  H

ig
he

r s
co

re
s 

in
di

ca
te

 w
or

se
 fu

nc
tio

ni
ng

; d  H
ig

he
r 

lo
w

 (n
 =

 7
0)

 a
nd

 h
ig

h 
(n

 =
 6

7)
. 

sc
or

es
 in

di
ca

te
 b

et
te

r f
un

ct
io

ni
ng

;e  S
ho

rt 
Fo

rm
 3

6 
Q

ua
lit

y 
of

 L
ife

 H
ea

lth
 S

ur
ve

y 
(S

F-
36

); 
f  M

ed
ic

al
 O

ut
co

m
es

 S
tu

dy
 S

oc
ia

l S
up

po
rt 

S
ur

ve
y 

(M
O

S
 S

oc
ia

l S
up

po
rt 

S
ur

ve
y)

; C
at

eg
or

ie
s 

of
 



 

 22

2 
75% of all exercise sessions and were assigned to the high attendance 

category. Alike, median cut-off value for categories of attendance to exercise 

sessions in the maintenance phase was 60%: 73 respondents attended less 

than or 60% of all exercise sessions and were assigned to the low attendance 

category; 60 respondents attended more than 60% of all exercise sessions in 

months 5 to 18 and were assigned to the high attendance category. 

Non-smoking status and low social participation were significant 

univariate determinants of high attendance to diet sessions in the initiation 

phase, as shown in Table 2.1 (p < .05). Single intervention randomization 

versus the double intervention (WL vs. WL+EX), marital status, ethnicity, 

cognitive function and mental health status were included in the multivariate 

model as well, because of statistical significance below p = .15. In multivariate 

logistic regression analyses, marital status (p < .01), social participation (p < 

.05), and single intervention randomization (p < .05) were significant 

determinants of attendance to diet sessions in the first 4 months: respondents 

who were married were less likely to attend the diet intervention sessions in 

the first four months than respondents who were not married (OR 0.31, 95%CI 

0.14, 0.74). Respondents who scored high on social participation were less 

likely to attend diet sessions in the first four months, compared to respondents 

who scored low on social participation (OR 0.83, 95%CI 0.70, 0.98). Finally, 

respondents who were randomized into the WL+EX intervention were less 

likely to attend diet sessions in the first four months, compared to respondents 

who were in the WL intervention (OR 0.45, 95%CI 0.21, 0.99).  

High attendance to diet sessions in the initiation phase was the only 

significant univariate determinant of high attendance to diet sessions in the 

maintenance phase, as shown in Table 2.1 (p < .01). Lung disease and mental 

health were included in the multivariate model as well, because of statistical 

significance below p = .15. In multivariate regression analyses, high 

attendance to diet sessions in the first 4 months was the only significant 

determinant of high attendance to diet sessions in the last 14 months (p < 

.01): respondents who were in the highest category of the variable diet session 

attendance in months 1 to 4, were almost 10 times as likely to be in the 

highest category of the variable diet session attendance in months 5 to 18, 
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compared to respondents who were in the lowest category of the variable diet 

session attendance in months 1 to 4 (OR 9.73, 95%CI 4.33, 21.88).  

Not having cardiovascular disease and being of advanced age were 

significant univariate determinants of high attendance to exercise sessions in 

the first 4 months, as shown in Table 2.2 (p < .05). Ethnicity, smoking status, 

and the WOMAC-Function subscale were included in the multivariate model as 

well, because of statistical significance below p = .15. In multivariate 

regression analysis, no determinant significantly predicted attendance to 

exercise sessions in the initiation phase.  

After the initiation phase, 37 (27.8%) participants chose to continue 

their intervention exercises (at least partly) at home, while 96 (72.2%) 

participants continued doing their exercises at the facility (not tabulated). High 

attendance to exercise sessions in the initiation phase, having lung disease, 

male gender (all p < .01), exercising (partly) at home, Caucasian ethnicity, low 

BMI, and high walking speed (all p < .05) were significant univariate 

determinants of high attendance to exercise sessions in months 5 to 18, as 

shown in Table 2.2. In the multivariate model we also included marital status, 

diabetes mellitus, the WOMAC-Stiffness subscale, and single intervention 

randomization, because of statistical significance below p = .15. In multivariate 

regression analysis, high attendance to exercise sessions in the initiation phase 

(p < .01), EX intervention randomization (vs. WL+EX), exercising (partly) at 

home, and not having lung disease (all p < .05) significantly predicted high 

attendance to exercise sessions in months 5 through 18. Respondents who 

were in the highest category of the variable exercise session attendance in 

months 1 to 4, were almost 7 times as likely to be in the highest category of 

the variable exercise session attendance in months 5 to 18, compared to 

respondents who were in the lowest category of the variable exercise session 

attendance in months 1 to 4 (OR 6.86, 95%CI 2.62, 17.96). Respondents who 

continued doing their exercises at the facility were less likely to adhere to the 

exercise program than their counterparts who opted for doing their exercises 

at least partly at home (OR 0.26, 95%CI 0.09, 0.76). Also, respondents who 

were randomized into the WL+EX intervention were less likely to attend 

exercise sessions in the final 14 months, compared to respondents who were in 

the EX intervention (OR 0.35, 95%CI 0.14, 0.86). Finally, respondents with 
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lung disease were less likely to attend exercise sessions in months 5 to 18 

compared to respondents not reporting lung disease (OR 0.14, 95%CI 0.03, 

0.75). 

 

2.4 Discussion 
Our study found an overall diet session attendance of 60.7% among older 

persons with knee OA, and varied from 68.6% in the first four months of the 

study to 52.3% in the last 14 months of the intervention. Overall exercise 

session attendance was 53.2%, and varied from 68.8% in the first four months 

of the study to 49.9% in the last 14 months of the intervention. In multivariate 

analyses we found that not being married, low social participation, and single 

intervention randomization were predictive of high diet session attendance in 

the initiation phase of the study. In multivariate analyses, high diet session 

attendance in months 1 to 4 was the only significant predictor of high diet 

session attendance in the maintenance phase. Multivariate analyses on 

determinants of initiation phase exercise session attendance yielded no 

significant results. High exercise session attendance in the initiation phase, and 

exercising (at least partly) at home, single intervention randomization, and not 

having cardiovascular disease were predictors of high exercise session 

attendance in the maintenance phase.  

Attendance to dietary interventions has shown to decrease with 

intervention duration, e.g. from 90% during a 10-week dietary intervention 

among overweight and obese, post-menopausal women to 70% during a 2-

year dietary intervention which was similar in intensity to our diet intervention 

[31,32]. Diet session attendance diminished in our study as well; from 68.6% 

in the first four months of the study to 52.3% in the last 14 months of the 

study. Our average diet intervention attendance (61%) seems poor, compared 

to the aforementioned 70%. However, this percentage was achieved in a study 

among women aged 45 to 69 without any apparent health problems [31], 

whereas our study was conducted among older respondents with pain, mobility 

problems and knee OA.  

Exercise session attendance tends to decrease with intervention duration 

[32]. We found this in our study as well: from 68.8% in the first four months 

of the study, to 49.9% in months 5 to 18. Our overall exercise session 
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attendance of 53.2% seems to be in line with the described attendance range 

of 36%-68% in long-term home-based exercise interventions or compared to 

the attendance range of 36%-80% in long-term group-based exercise 

interventions [33]. 

Married respondents were less likely to attend diet sessions than their 

divorced, widowed, or never married counterparts. Perhaps married 

respondents were less likely to find the time and dedication to attend diet 

sessions in the first 4 months due to all kinds of social or familial involvements. 

On the other hand, the greater attendance to diet sessions among respondents 

who are divorced, widowed, or never married, could reflect the strong desire to 

keep up their health and remain independent, despite their knee OA. Alike, low 

social participation was associated with high diet session attendance. This may 

indicate that participants, who were less socially involved in all kinds of 

community or religious activities, were more likely to find the time and 

dedication to attend diet sessions in the first 4 months. It is also possible that 

these participants were more susceptible to the social aspect that goes out 

from group interventions, and were more likely to attend diet sessions. 

In the maintenance phase of the exercise sessions, we found that 

participants who were doing their exercises at least partly at home to be likely 

to adhere better to the exercise program than their counterparts who remained 

exercising at the facility. Participants who exercised at home were asked to 

keep their own exercise logs. Whether these logs reflect true exercise effort of 

participants, or rather social desirability remains unclear. However, Castro and 

colleagues [34] found that exercise logs are valid and reliable reflections of 

true energy expenditure. Although exercising at home requires a strong self-

discipline of a participant, it still is easier to implement in a person’s daily life 

than fixed exercise classes. It may also be that participants acquire a sense of 

control when they are given the choice where to do their exercises, which may 

boost their motivation. In addition, perceived barriers, such as climate factors 

and mobility problems, may have lessened participant’s enthusiasm to 

continue session attendance at the facility.  

Being randomized into the double intervention versus a single 

intervention demonstrated to be detrimental for session attendance in the 

initiation phase of the diet sessions and in the maintenance phase of the 
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exercise sessions. It should be kept in mind that randomization into a double 

intervention may interfere too strongly with participant’s daily life than single 

intervention randomization does.  

We found that for both the dietary and the exercise intervention, session 

attendance in the initiation phase is a very strong predictor of session 

attendance in a later stage of the intervention. This may indicate that if 

participants are convinced of intervention benefits and willing to come in for 

the first months of interventions, they are more likely to remain engaged. This 

could be due to the fact that repetition of behavior tends to make the behavior 

habitual [20-22,35], or due to the fact that participants are simply interested 

in the topic of study. This finding may suggest that efforts to stimulate 

attendance to intervention sessions should be done from the very early phase 

of the intervention on. Moreover, a study on the effects of exercise session 

attendance in this same sample demonstrated that the respondents in the 

highest tertile regarding intervention session attendance improved significantly 

more in physical performance and self-reported disability than respondents 

who were in the lowest tertile regarding intervention session attendance [12]. 

A shortcoming of our study was that we only included sociodemographic, 

health-related, and social variables, and did not consider psychological 

variables, such as self-efficacy expectancies, and health-related attitudes. 

These should be subject of future studies regarding interventions prone to non-

compliance. Although we acknowledge to the fact that attendance to 

intervention sessions does not equal intervention compliance, we believe that 

measures of intervention attendance reflect a certain precursory value of the 

extent to which a participant really is physically active, or really is changing 

eating habits. 

In sum, various determinants – some of which modifiable – were 

predictive of high and low diet and exercise session attendance in our study. 

Overall, in the initiation phase, determinants of diet session attendance were 

not the same determinants that predicted exercise session attendance. Since 

session attendance in the maintenance phase of our study was mainly 

determined by session attendance in the initiation phase, this shows that 

efforts to motivate people and increase session attendance should be done in 

the very early stage of interventions. It is remarkable that among our older 
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respondents with pain, mobility problems and knee OA, determinants of diet 

and exercise session attendance were mainly non-medical. This suggests that 

interventions such as ours are conductible and appropriate for older persons 

who are hindered in their mobility. 
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CHAPTER 3 * 

 

Effects of exercise adherence on physical function 

among overweight older adults with knee osteoarthritis 
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Abstract 
Objective: For patients with knee osteoarthritis (OA), adherence to prescribed 
exercise regimen is important in preserving physical function. We explored 
whether high exercise adherence improved physical function among older 
adults with OA who were overweight and obese. Methods: Associations 
between exercise adherence, changes in 6-minute walking distance in meters, 
and self-reported disability (Western Ontario and McMaster Universities 
Osteoarthritis Index [WOMAC] – Function subscale) after 6 and 18 months 
were examined among a ‘Arthritis, Diet, and Activity Promotion Trial’ 
subsample (N = 134), using multiple linear regression models. Results: Higher 
exercise adherence was associated with greater improvements in 6-minute 
walking distance after 6 and 18 months and in disability after 6 months. Pain 
and body mass index (BMI) contributed – to some extent – in explaining the 
link between exercise adherence and changes in physical performance and 
self-reported disability. Conclusions: Higher exercise adherence is associated 
with improved physical function. This indicates that promoting adherence is 
clinically relevant when prescribing exercise regimen which also focus on 
decrease in pain and BMI to overweight and obese older adults with knee OA.  
 
Key words: Intervention adherence, physical function, disability. 

                                                 
* As published in Arthritis & Rheumatism (Arthritis Care & Research) 2005; 53 (1): 24-32. 
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3.1 Introduction 

nee osteoarthritis (OA) is a leading cause of decreasing physical function 

among older adults, and may limit a person’s independence of living and 

affect health-related quality of life (1,2). In knee OA disease management, 

treatment options include adopting healthy lifestyles and physical exercise (3). 

These treatment options may also have beneficial effects on mental health (4). 

Compliance to treatment is important in attaining treatment goals. Specifically, 

when a physical exercise regimen is prescribed, adherence to this regimen is 

crucial in preserving physical performance and function, in terms of observed 

walking distance and self-reported disability, respectively, and in reducing pain 

for patients with knee OA (5).  

Generally, exercise adherence tends to decrease with intervention 

duration, and usually results in an increase in concurrent and subsequent 

physical activity levels, although changes are small and generally short-lived 

(6-9). Several studies in healthy and diseased older adults showed favorable 

effects of exercise on muscle strength, aerobic capacity, reduction of fracture 

risk, and general well-being (7,10,11). Studies among older adults with (knee) 

OA examining effects of exercise adherence have described greater 

improvements in physical performance, disability, pain, quality of life, and 

depressive symptoms for participants who adhered more to the exercise 

intervention regimen (4,12,13). However, poor exercise adherence may partly 

have caused studies examining effects of exercise adherence in older adults 

who were overweight and obese to be inconclusive regarding weight 

maintenance and physical fitness (8,9).  

Studies examining effects of exercise intervention adherence on health 

outcomes in overweight and obese older adults with knee OA may offer insight 

into the effectiveness of exercise interventions in the growing group of 

overweight and obese older adults suffering from knee OA. The present study 

examined 1) whether higher exercise adherence to an 18-month intervention 

program was associated with more improvements in physical performance and 

self-reported disability, and 2) whether changes in modifiable, potentially 

explanatory variables, i.e. pain, mental health, social functioning, body mass 

index (BMI), location of exercise, could explain the association between 

exercise adherence and changes in physical performance and self-reported 

K
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disability, by performing secondary analyses using data of the ‘Arthritis, Diet, 

and Activity Promotion Trial’ (ADAPT).  

 

3.2 Materials & Methods 
Design & Study sample 

ADAPT was a randomized controlled trial conducted among overweight and 

obese, 60-year old and older adults with knee OA to compare effectiveness of 

three different 18-month interventions – a dietary weight loss, an exercise, 

and a combined dietary weight loss plus exercise intervention – with a healthy 

lifestyle control group on physical function, knee pain, stiffness, weight loss, 

and physical performance. Data collection visits took place at baseline, 6 and 

18 months post-randomization. The study was approved of by Wake Forest 

University’s institutional review board. Sampling, data-collection procedures, 

information on the interventions, and main study findings have been reported 

in detail elsewhere (14-16).  

Inclusion criteria for participation in ADAPT were: 1) aged 60 years and 

over; 2) body mass index (BMI = weight in kilograms / height in meters2) ≥ 

28; 3) knee pain on most of the days; 4) sedentary activity pattern for the 

past 6 months with less than 20 minutes of formal exercise once a week; 5) 

self-reported difficulty ascribed to knee pain in at least one (Instrumental) 

Activity of Daily Living ((I)ADL); and 6) radiographic evidence of tibia-femoral 

OA. Potential participants were excluded if they: 1) had a serious medical 

condition that prevented safe participation in the exercise intervention 

program; 2) had a mini-mental state examination (MMSE; 17) score ≤ 23; 3) 

could not finish the 18 month trial due to severe psychiatric morbidity or end-

stage terminal illness; or 4) were unable to walk without a cane or other 

assistive device. Written informed consent was obtained from 316 eligible 

community-dwelling older adults. Subsequently they were randomly assigned 

to one of four study groups: 80 in the exercise group; 76 in the exercise plus 

dietary weight loss group – hereafter respectively called exercise only and 

exercise plus diet; 82 in the diet only group; and 78 in the healthy lifestyle 

control group. Since these last two groups did not contain exercise information 

we only included the two exercise groups (N = 156) in our secondary data 

analyses. 
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Intervention 

The exercise intervention was intended to expand aerobic and resistance-

training capacities for participants in the exercise only and exercise plus diet 

intervention group. The three days per week exercise program and consisted 

of two 15 minutes aerobics phases, during which participants walked within 

50-85% of their heart rate reserve, and were separated by a resistance-

training phase (20 minutes), which consisted of two sets of 12 repetitions of 

the following exercises: leg extension, leg curl, heel raise, and step up. Ankle 

cuff weights and weighted vests were used to provide resistance. Five minutes 

of warming up and cooling down started and ended each session, respectively. 

The initiation phase (months 1 to 4) was held at the facility. After the 

transition phase (months 5 and 6) participants could either choose to exercise 

at home, exercise in a facility-based program, or to combine both options in 

the maintenance phase (months 7 to 18). Those who had opted for the 

(combined) home-based program were expected to exercise as much as the 

facility-based participants – 60 minutes, three days a week – and had to keep 

daily exercise logs, in which they were asked to carefully report on exercise 

frequency, duration, and achieved heart rate. During the first two months of 

home-based exercise study staff contacted these participants by telephone bi-

weekly, tri-weekly during the following two months, and monthly thereafter, to 

exert supervision. If participants did not show-up at intervention sessions, they 

were contacted by telephone as well.  

 

Measurements 

-Evaluation of exercise adherence 

Percentage exercise regimen adherence was measured by dividing the number 

of exercise sessions the participant actually attended or exercised at home 

(exercise log) by the number of prescribed sessions, multiplied by 100 (15). 

We calculated percentage exercise adherence for the first 6 months (called 

initiation phase), and overall percentage exercise adherence (months 1 to 18). 

Scores range from 0 to 100 on both variables with higher scores indicating 

more exercise adherence.  
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-Physical performance 

The performance based 6-minute walk test was used at each study assessment 

to study physical performance (18). Change in walking distance in meters was 

defined as follow-up minus baseline walking distance, and higher change 

scores indicate more improvement in walking distance. Two week test-retest 

reliability of walking distance has been reported to be 0.87 for patients with 

knee OA (19). Participants were encouraged to complete the test with their 

best effort without wearing a watch (20).  

-Osteoarthritis-related Disability 

At each study assessment we used the 17-item Function subscale of the 

Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC; 21) 

to assess self-reported osteoarthritis-related disability in (instrumental) 

activities of daily living ((I)ADL). Scores range from 0 to 68 with higher scores 

indicating more disability in (I)ADL. Change in disability was defined as follow-

up minus baseline score, and lower change scores indicate more improvement 

in disability in (I)ADL. The WOMAC has been extensively validated, used in 

comparative studies to other health status measures, and applied in clinical 

research and clinical practice settings (22). Cronbach’s alpha of the WOMAC 

Function subscale at baseline was 0.94. 

-Confounding Variables 

Non-modifiable, demographic information (age, gender, and ethnicity) was 

collected by self-report. Analyses were adjusted for whether or not participants 

in the exercise groups also received a diet intervention. Furthermore, because 

change in walking distance and disability are outcome measures, we adjusted 

analyses for baseline levels of these outcome measures. 

-Potentially Explanatory Variables 

We used the Pain subscale of the WOMAC (21) and changes in this subscale 

over time to assess self-reported osteoarthritis-related pain at each 

assessment. Scores range from 0 to 20 with higher scores indicating more 

pain. We used the Social Functioning and Mental Health subscales of the 36-

item Short Form-36 Quality of Life Health Survey (SF-36) and changes in these 

subscales to assess these domains of health-related quality of life at each 

assessment (23). This widely used generic health status instrument has been 

reported to be a psychometrically sound tool to assess health status of 
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participants with osteoarthritis (24). Scores range from 0 to 100 with higher 

scores indicating greater quality of life. BMI and changes in BMI over time 

were calculated using weight in kilograms divided by the square of height in 

meters. Also, participant’s choice of location of exercise was considered to be 

an explanatory variable (9). All change scores in potentially explanatory 

variables were defined as follow-up minus baseline score. Hence, lower change 

scores in pain and BMI indicate more improvement in pain and BMI, whereas 

higher change scores in mental health and social functioning indicate more 

improvement in mental health and social functioning.  

 

Statistical analyses 

Since overall exercise adherence did not differ between the two exercise 

intervention groups (54.5% exercise only versus 52.9% exercise plus diet, p = 

0.74), we merged exercise groups together for further analyses on the impact 

of exercise adherence on change in walking distance and disability. In order to 

do so, we had to verify that intervention assignment (exercise only or exercise 

plus diet) did not modify the association between exercise adherence and 

physical outcomes. Consequently, we compared means of walking distance and 

disability at baseline using t-tests and examined the significance of interaction 

terms between intervention assignment x exercise adherence on changes in 

walking distance and disability in multiple linear regression analyses. Baseline 

means of walking distance (423.9 ± 75.3 exercise only versus 411.0 ± 88.2 

exercise plus diet; p = 0.389) and disability (23.8 ± 10.3 exercise only versus 

23.6 ± 11.9 exercise plus diet; p = 0.923) did not differ between intervention 

groups. We found no significant interaction effects, showing that the link 

between exercise adherence and change in physical outcomes was not 

different for participants who were assigned to exercise only versus exercise 

plus diet intervention.  

In order to examine associations between percentage exercise adherence 

and change in walking distance and disability, we conducted multiple linear 

regression analyses, adjusted for confounding variables. These analyses were 

conducted for exercise adherence during months 1 to 6 and changes in 

outcomes after 6 months, as well as for overall exercise adherence (months 1 

to 18) and changes in outcomes after 18 months. Outliers in the distribution of 
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the variable change in walking distance after 6 months - scores below and over 

the 2.5th percentiles - were transformed into the value of the lower and upper 

2.5th percentiles, -84.1 and 169.9 meters, respectively, to ensure that all 

outcome variables were distributed normally. Hereafter, tertile scores of 

percentage exercise adherence were created by dividing participants in three 

equally large categories: (1) low adherence, (2) intermediate adherence, and 

(3) high adherence to the exercise regimen for both the initiation phase (≤ 

62%, n = 46; 63% to 82%, n = 43; and ≥ 83%, n = 45, respectively) and 

overall study duration (≤ 40%, n = 45; 41% to 70%, n = 44; and ≥ 71%, n = 

45, respectively). Univariate analyses of covariance (ANCOVA) were used to 

examine differences in estimated means in changes in walking distance and 

disability after 6 and 18 months between adherence categories with low 

adherence as reference category, adjusted for confounding variables. As a 

potentially mediating or explanatory variable in an association has to correlate 

with both the independent, and with the dependent variable, correlations 

between potentially explanatory variables and percentage exercise adherence, 

and correlations between potentially explanatory variables and change in 

walking distance and change in disability were examined. Finally, multiple 

linear regression models were computed in which each potentially explanatory 

variable was entered as covariate, after adjustment for confounding variables, 

to explore their contribution in explaining the associations between exercise 

adherence and change in physical performance and disability. A priori level of 

significance used in all analyses was 0.05. 

 

3.3 Results 
Of the 156 participants, 69 (86.3%) of the exercise only and 65 (85.5%) of the 

exercise plus diet intervention were still exercising after the 18 months of the 

study. Analyses of variance and chi-square tests indicated that respondents 

lost to follow-up (N = 22) did not differ from participants (N = 134) on any of 

the baseline variables (all p’s > 0.05), or on intervention assignment (p = 

0.90). Participants’ mean age was 68.5 ± 6.3 years (N = 134), 72.2% were 

women, 76.1% were Caucasian, 57.6% were married, and 68.7% were 

educated more than 12 years.  
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Mean percentage exercise adherence was 65.6% ± 27.1 in the initiation 

phase and 53.7% ± 29.4 overall (N = 134). Mean walking distance at baseline 

was 417.4 ± 81.9 meters, and ranged from 141 to 650 meters. After 6 and 18 

months, significant mean improvements in walking distance were observed 

compared to baseline: 50.1 ± 54.9 meters and 46.4 ± 65.4 meters, 

respectively (p’s < 0.01). Mean disability score at baseline was 23.7 ± 11.1, 

and ranged from 2 to 68. After 6 and 18 months, significant mean 

improvements in disability were observed compared to baseline: -3.6 ± 9.2 

and -3.5 ± 9.9, respectively (p’s < 0.01). After the initiation phase, 37 

(27.6%) participants chose to continue their intervention exercises (at least 

partly) at home, while 97 (72.4%) participants continued doing their exercises 

solely at the facility. 

Table 3.1 shows the standardized linear regression coefficients (β) of 

both initiation phase and overall exercise adherence on 6- and 18-month 

change in walking distance and disability, adjusted for age, gender, ethnicity, 

intervention assignment, and baseline levels of outcome variables. Exercise 

adherence in the initiation phase and during overall study follow-up were 

associated with, respectively, 6-month improvement in walking distance (p = 

0.002) and 18-month improvement in walking distance (p < 0.001). Exercise 

 

exercise adherence on change in walking distance and IADL disability after 6 & 18 months (N = 134). 

Change in walking distance Change in disability
in meters after 6 months score after 6 months

Exercise adherence in initiation phase β 95% CI P β 95% CI P

% Exercise adherence (continuous) 0.28 0.25, 1.07 0.002 -0.23 -0.14, -0.03 0.001

est.M 95% CI P est.M 95% CI P

% Exercise adherence (tertiles)
   Low (≤ 62%; n = 46) 35.2 17.4, 53.0 Ref. c -0.3 -2.6, 2.0 Ref.
   Intermediate (≥ 63% - ≤ 82%; n = 43) 50.4 33.0, 67.9 0.233 -6.4 -8.7, -4.1 <0.001   
   High (≥ 83%; n = 45) 63.5 47.4, 79.7 0.024 -3.6 -5.8, -1.4 0.049

Change in walking distance Change in disability
in meters after 18 months score after 18 months

Overall exercise adherence β 95% CI P β 95% CI P

% Exercise adherence (continuous) 0.39 0.48, 1.30 <0.001   -0.18 -0.12, 0.00 0.052

est.M 95% CI P est.M 95% CI P

% Exercise adherence (tertiles)
   Low (≤ 40%; n = 45) 21.2 -2.3, 44.8 Ref. -1.3 -4.7, 2.1 Ref.
   Intermediate (≥ 41% - ≤ 70%; n = 44) 45.0 24.9, 65.1 0.135 -4.9 -7.9, -1.8 0.121
   High (≥ 71%; n = 45) 68.3 50.0, 86.6 0.002 -5.9 -8.9, -2.9 0.047

Note: negative change scores in disability indicate improvement; ª Adjusted for age, gender, ethnicity, intervention assignment, and baseline levels of
physical outcome measures; b Analyses of covariance; c Reference group.

Table 3.1: Adjusteda standardized linear regression coefficients (β ), adjusted estimated means (est.M ) from 
ANCOVAb analyses, 95% confidence intervals (95%CI), and statistical significance levels (P ) of 6 & 18 months 
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adherence in the initiation phase was associated with 6-month improvement in 

disability (p = 0.001).  

Results from ANCOVA analyses show that participants in the 

intermediate and highest adherence tertile improved 15.2 and 28.3 meters 

more, respectively, in walking distance after 6 months, compared to those in 

the lowest adherence tertile (p’s 0.233 and 0.024, respectively; Table 3.1). 

Participants in the intermediate and highest tertile improved 23.8 and 47.1 

meters more, respectively, in walking distance after 18 months, compared to 

those in the lowest adherence tertile (p’s 0.135 and 0.002, respectively; Table 

3.1). For walking distance, the tertile analyses confirmed a dose-response 

association, since the highest adherence tertile had the greatest improvement 

after 6 and 18 months.  

Participants in the intermediate and highest adherence tertile improved 

6.1 and 3.3 units more, respectively, in disability after 6 months, compared to 

those in the lowest adherence tertile (p’s < 0.001 and 0.049, respectively; 

Table 3.1). Participants in the intermediate and highest adherence tertile 

improved 3.6 and 4.6 units more, respectively, in disability after 18 months, 

compared to those in the lowest adherence tertile (p’s 0.121 and 0.047, 

respectively; Table 3.1). 

As shown in the Pearson correlation Table 3.2, most of the potentially 

explanatory variables – except for social functioning and location of exercise –  

explanatory variables among exercise intervention participants (N = 134). 

Exercise adherence Exercise adherence Change in walking Change in walking Change in Change in 
months 1 to 6 months 1 to 18 distance in meters distance in meters disability score disability score 

 after 6 months  after 18 months after 6 months after 18 months

Potential explanatory variables:

Baseline pain -0.01 -0.09  0.07 -0.04   -0.31** -0.21*
6-Month change in pain  -0.20*  -0.21*    0.64**
18-Month change in pain  -0.17   -0.27**   0.68**

Baseline mental health 0.07 0.05 -0.05 -0.11 -0.04 0.06
6-Month change in mental health    0.26**   0.15    -0.23**
18-Month change in mental health  0.14   0.19  -0.31**

Baseline social functioning 0.12  0.15 -0.06 -0.01 -0.08 0.03
6-Month change in social functioning 0.04  0.19   -0.29**
18-Month change in social functioning 0.05   0.17 -0.21*

Baseline BMI a   -0.26**   -0.29** 0.01 -0.06 0.03 -0.06
6-Month change in BMI  -0.20* -0.24*   0.14  
18-Month change in BMI   -0.27**  -0.21* 0.08

Location of exercise;
(partly) at home (0) vs. solely at facility -0.12   -0.26** -0.03  -0.15    0.23**  0.16

Note: all change scores are defined as follow-up scores minus baseline scores; hence negative change scores in pain, BMI, disability indicate improvement and positive change 
scores in mental health, social functioning, and walking distance indicate improvement; ** p < 0.01; * p < 0.05; a Body mass index.

Table 3.2: Pearson correlations between percentage exercise adherence, changes in walking distance, disability, and potentially 



 

 42

3 
were either significantly correlated with both exercise adherence and change in 

walking distance, or were significantly correlated with both exercise adherence 

and change in disability. Prominent results of correlation analyses were that 

both improvements in pain, as well as improvements in mental health, were 

correlated significantly with improvements in disability. Also, improvements in 

pain, as well as decreased BMI, were correlated significantly with increased 

walking distance (Table 3.2). 

Table 3.3 shows multiple linear regression models examining the 

associations between exercise adherence and change in walking distance after 

6 months and after the entire duration of the study. In these analyses, we 

explored the influence of each potentially explanatory variable separately by 

entering it into a model, which is already adjusted for potentially confounding 

variables. After adjustment for confounding variables, high 6-month exercise 

adherence was significantly associated with greater 6-month improvements in 

walking distance (β 0.28; p = 0.002). When we entered the potentially 

explanatory variable baseline BMI and 6-month change in BMI in the multiple 

linear regression model with 6-month exercise adherence as independent 

variable and 6-month change in walking distance as dependent variable – after 

initial adjustment for confounding variables – the standardized regression 

coefficient dropped substantially to 0.24 (p = 0.013; Table 3.3). To a lesser  

Table 3.3: Multiple linear regression models and standardized regression coefficients (β ) of 
percentage exercise adherence over 6 and 18 months on 6- and 18-months changes in walking 
distance in meters, after adjustment for potentially confounding and explanatory variables (N = 134).

β 95%CI a P β (95%CI) P

Model 1 Potentially confounding variablesb 0.28 0.25, 1.07 0.002 0.39 0.48, 1.30 <0.001

Model 2 Potentially confounding variables 
+Baseline & change in pain 0.26 0.25, 1.01 0.004 0.37 0.44, 1.28 <0.001

Model 3 Potentially confounding variables
+Baseline & change in mental health 0.26 0.17, 1.04 0.007 0.38 0.47, 1.31 <0.001

Model 4 Potentially confounding variables
+Baseline & change in social functioning 0.26 0.17, 1.01 0.007 0.36 0.40, 1.26 <0.001

Model 5 Potentially confounding variables
+Baseline & change in BMIc 0.24 0.12, 0.98 0.013 0.28 0.21, 1.11 0.004

Model 6 Potentially confounding variables
+Location of exercise 0.28 0.25, 1.08 0.002 0.38 0.47, 1.30 <0.001

a 95% confidence interval; b potentially confounding variables include age, gender, ethnicity, intervention assignment, and baseline
levels of walking distance; c Body mass index.

6-month change in 
walking distance

18-month change in
walking distance 
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extent, this also goes when the potentially explanatory variables baseline and 

6-month change in pain (β 0.26; p = 0.004), baseline and 6-month change in  

mental health (β 0.26; p = 0.007), and baseline and 6-month change in social 

functioning (β 0.26; p = 0.007), were entered (Table 3.3).  

After adjustment for confounding variables, high overall exercise 

adherence was significantly associated with greater 18-month improvements in 

walking distance (β 0.39; p < 0.001). When we entered the potentially 

explanatory variable baseline BMI and 18-month change in BMI in the multiple 

linear regression model with overall exercise adherence as independent 

variable and 18-month change in walking distance as dependent variable – 

after initial adjustment for confounding variables – the standardized regression 

coefficient dropped substantially to 0.28 (p = 0.004). The other potentially 

explanatory variables did not have that kind of effect on the original 

association (Table 3.3).  

Table 3.4 shows multiple linear regression models examining the 

associations between exercise adherence and change in disability after 6 

months and after the entire duration of the study. As before, we explored the 

influence of each potentially explanatory variable separately by entering it into 

a model, which is already adjusted for potentially confounding variables. After 

adjustment for confounding variables, high 6-month exercise adherence was  

Table 3.4: Multiple linear regression models and standardized regression coefficients (β ) of 
percentage exercise adherence over 6 and 18 months on 6- and 18-months changes in disability, after
adjustment for potentially confounding and explanatory variables (N = 134).

β 95%CI a P β 95%CI P

Model 1 Potentially confounding variablesb -0.26 -0.14, -0.03 0.001 -0.18 -0.12, 0.00 0.052

Model 2 Potentially confounding variables 
+Baseline & change in pain -0.15 -0.09, -0.01 0.019 -0.06 -0.07, 0.02 0.355

Model 3 Potentially confounding variables
+Baseline & change in mental health -0.17 -0.11, 0.00 0.036 -0.14 -0.11, 0.01 0.091

Model 4 Potentially confounding variables
+Baseline & change in social functioning -0.16 -0.10, 0.00 0.035 -0.14 -0.11, 0.02 0.140

Model 5 Potentially confounding variables
+Baseline & change in BMIc -0.20 -0.14, -0.01 0.022 -0.11 -0.11, 0.03 0.276

Model 6 Potentially confounding variables
+Location of exercise -0.24 -0.13, -0.03 0.002 -0.16 -0.12, 0.01 0.088

a 95% confidence interval; b Potentially confounding variables include age, gender, ethnicity, intervention assignment, and baseline 
levels of disability; c Body mass index.

6-month change
in disability

18-month change
in disability
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significantly associated with greater 6-month improvements in disability (β -

0.26; p = 0.001). When we entered the potentially explanatory variable 

baseline pain and 6-month change in pain in the multiple linear regression 

model with 6-month exercise adherence as independent variable and 6-month 

change in disability as dependent variable – after initial adjustment for 

confounding variables – the standardized regression coefficient dropped to -

0.15 (p = 0.019; Table 3.4). This also goes when the potentially explanatory 

variables baseline and 6-month change in social functioning (β -0.16; p = 

0.035), baseline and 6-month change in mental health (β -0.17; p = 0.036), 

and baseline and 6-month change in BMI (β -0.20; p = 0.022) were entered. 

The other potentially explanatory variables did not have that kind of effect on 

the original association (Table 3.4).  

After adjustment for confounding variables, high overall exercise 

adherence was not significantly associated with greater 18-month 

improvements in disability (β 0.18; p = 0.052). When we entered the 

potentially explanatory variable baseline pain and 18-month change in pain in 

the multiple linear regression model with overall exercise adherence as 

independent variable and 18-month change in disability as dependent variable 

– after initial adjustment for confounding variables – the standardized 

regression coefficient dropped to -0.06 (p = 0.355; Table 3.4). This also goes 

when the potentially explanatory variable baseline and 6-month change in BMI 

(β -0.11; p = 0.276) was entered. The other potentially explanatory variables 

did not have that kind of effect on the original association (Table 3.4).  

 

3.4 Discussion 
Our study provides evidence that exercise adherence is associated with 

improvements in (observed) physical performance and self-reported disability. 

We found that, after adjustment for confounding variables, higher exercise 

adherence goes together with greater improvements in walking distance after 

6 and 18 months, and with greater improvements in disability after 6 months. 

Pain, mental health, and BMI correlated both with exercise adherence and with 

changes in walking distance or disability. Because of these associations, these 

variables were able to contribute – to some extent – in explaining the link 
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between exercise adherence and changes in physical performance and self-

reported disability. 

In our 18-month study, percentage exercise adherence in the initiation 

phase (65.6%) was higher than overall exercise adherence (53.7%). 

Considering the fact that our sample consisted of overweight and obese older 

adults suffering from knee OA, we conclude that both percentages are in line 

with current literature regarding adherence rates (25). 

Exercise adherence was a significant predictor of greater improvements 

in walking distance, even when potentially explanatory variables were taken 

into account. Moreover, ANCOVA analyses revealed that the tertiles with the 

participants who had the best adherence improved significantly more in 

walking distance between baseline and, respectively, 6- and 18-month follow-

up compared to the tertile with the participants who had the poorest 

adherence. So, in line with a dose-response association, our study showed that 

the more participants adhere to the exercise regimen, the more they improve 

on walking distance. 

We also found a significant association in the short-term period between 

high exercise adherence and improvement in disability. Possible explanations 

for the association between exercise adherence and disability not being 

sustained after 6 six months could be that the first six months of the 

intervention were very intensive, with exercise sessions at the facility, for at 

least four months. Hereafter, exercise adherence decreased and participants’ 

improvement in disability could have stagnated. Secondly, knee OA is an 

aggravating condition; hence it is possible that participants’ condition declined, 

and self-reported disability worsened. Both short- and long-term ANCOVA 

analyses revealed that the tertile with participants who had highest adherence 

rates – improved significantly more in disability compared to the tertile with 

participants who had the poorest adherence. 

A potentially mediating or explanatory variable in an association has to 

correlate with both the independent, and with the dependent variable. We 

found significant correlations with independent and dependent variables for 

most, but not all, potentially explanatory variables. Overall, the choice of our 

potentially explanatory variables seems justified. 
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From our multiple linear regression analyses it seemed that especially 

BMI during the intervention period was a contributing variable in explaining the 

association between high exercise adherence and improvement in physical 

performance. Pain during the intervention period was the most contributing 

variable in explaining the association between exercise adherence and 

improvement in self-reported disability. 

Our results of a positive link between exercise adherence and 

improvements in physical performance and self-reported disability are in line 

with Ettinger and colleagues (12), who also found significant associations 

between high exercise adherence and improvements in physical performance 

and disability in a sample which consisted of obese older adults with knee OA 

for more than 46%. Conform other studies, we found significant correlations 

between high exercise adherence and improvements in pain (5,12). Rejeski, 

Ettinger, Martin, & Morgan suggested that changes in knee pain may mediate 

effects of exercise interventions on disability (26). From our analyses it also 

seemed that decrease in pain during the intervention period was a contributing 

variable in explaining the association between high exercise adherence and 

improvement in disability. Although it is plausible that exercise does improve 

pain levels, a reciprocal association might also be present: participants in great 

pain being less likely to exercise and thus not adhere to prescribed exercise 

regimen. Participants who do not adhere to exercise regimen are not 

exercising (enough), perhaps due to their physical complaints, and will 

therefore not experience beneficial effects of exercise on pain. Either way, not 

exercising enough could trap persons into a downward spiral, where inactivity 

stimulates pain levels and pain results in more inactivity, which eventually 

could end in loss of independence.  

Empowering patients with knee OA through self-management courses 

could break the abovementioned downward spiral. If patients learn to attribute 

their symptoms in a cognitive way, beliefs of control over the disease may 

increase, levels of fear may decrease, and through the decrease of perceived 

barriers, patients might no longer be hesitant about physical activity. 

Subsequent perceived benefits of (adherence to) exercise on pain and 

disability may eventually result in better disease control. Rejeski and 

colleagues (26) already concluded that beliefs of control mediated the effects 
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that (adherence to) exercise programs had on disability and health perceptions 

in a study among patients with knee OA.  

Decrease in BMI was an important mediating variable in the associations 

of exercise adherence with physical performance and self-reported disability. 

Although decrease in BMI can be associated closely with decrease in pain and 

improved stamina, and thus have an effect on physical performance and self-

reported disability, decrease in BMI can also be associated with improvements 

in physical impediments, such as decreased skinfold thickness, and increased 

dynamic balance and result consequently in improvements in physical 

performance and self-reported disability.  

In our study, adherence was measured in terms of attendance to 

exercise sessions, and not actual level of participation. To some extent, this 

obscures the actual effect of the intervention on physical function. However, 

attendance to intervention sessions is crucial for participants to acquire 

knowledge and skills regarding the core elements of an intervention. 

Therefore, we believe that measures of intervention attendance reflect a 

certain precursory value of the extent to which a participant is really physically 

active. It would serve comparison of results, if more exercise studies would use 

attendance measures in their design.  

We believe the strength of our study is that we explored the association 

between exercise adherence and concurrent change in physical function, over a 

short-term, and a long-term period, and tried to explain this association with 

modifiable, potentially explanatory variables. Our findings show that higher 

exercise adherence goes together with greater physical improvements in a 

dose-response fashion, and with improvements in self-reported disability. 

Consequently, promoting exercise adherence appears to be clinically relevant 

when prescribing exercise regimen, which also focus on improvements in knee 

pain and in BMI, to overweight older adults with knee OA.  
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CHAPTER 4 * 
 

Chronic disease and lifestyle changes  

  

Results from the Longitudinal Aging Study Amsterdam 
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Abstract 
This paper addresses the association between course of chronic disease and 
lifestyle. We examined differences in unhealthy lifestyles – smoking, excessive 
alcohol use, being sedentary – and lifestyle changes after six years in 
prevalent and incident chronic disease categories – lung and cardiovascular 
disease, diabetes, and osteo- and/or rheumatic arthritis – among 2184 late 
middle- and older aged respondents from the Netherlands. Lastly, we 
examined whether changes in lifestyle were related to changes in disease-
related symptomatology. Overall, proportions of respondents who smoked 
decreased over time, while proportions of respondents who were sedentary 
increased. Respondents with incident cardiovascular disease changed their 
lifestyles more than those from other disease categories. Respondents 
demonstrating healthy lifestyle changes did not differ in change in disease-
related symptoms from those persisting in unhealthy lifestyles. If our findings 
are replicated in future studies, health promotion strategies might be targeted 
differently, to reach patient groups for intervention who do not initiate more 
healthy lifestyles. 
 
Key words: chronic disease, lifestyle, symptomatology, longitudinal studies
                                                 
* As submitted to the International Journal of Behavioral Medicine. 
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4.1 Introduction 

n abundance of studies showed that certain unhealthy lifestyles, such as 

smoking, excessive alcohol use, and lack of physical activity, can provoke 

or worsen different chronic diseases (e.g., lung disease [Viegi et al., 2001], 

cardiovascular disease [CVD; Yusuf et al., 2001; Gohlke, 2004], diabetes 

[Eliasson et al., 2004], osteo- and/or rheumatic arthritis [OA/RA; Saag et al., 

1997]). Conversely, healthy lifestyles, such as not smoking, moderate alcohol 

use, and daily physical activity, may help preserve physical function and 

reduce the risk of disease worsening in patients with chronic diseases (e.g., 

Aldana et al., 2003; Penninx et al., 2001; Baumann, 2004).  

Healthy lifestyle changes – from unhealthy behavior to healthy – are 

hypothesized to be associated with a more favorable course of chronic 

diseases, as compared to persistence in unhealthy lifestyles, and are often 

encouraged in self-management programs that aim to enhance coping with 

chronic diseases (Clark & Hampson, 2001; Lorig & Holman, 2003; Song et al., 

2003; Eagan et al., 2004). Healthy lifestyle changes can be the result of 

patients’ adherence to healthy lifestyle regimens, advised to them by health 

professionals (Ellingsen et al., 2003), or may follow from patients’ awareness 

of their responsibility for their own health. For some patients their chronic 

disease status alone can be a reason to alter their health behavior (Blanchard 

et al., 2003). Healthy lifestyle changes can also be the result of patients 

behaving according to what society expects from them. This latter 

phenomenon – also called ‘behaving according to the social label of disease’ – 

has been described before and is known to have changed (health) behavior 

(Lemert, 1951; Twaddle & Hessler, 1977); Lastly, healthy lifestyle changes 

may follow from personal necessity. Patients may experience serious disease-

related symptoms, for example intense chest pains, and realize that they 

cannot go on like before.  

This paper addresses the association between course of chronic disease 

and lifestyle and examines if our data can support one or more of the reasons 

for healthy lifestyle changes desribed in the paragraph above. We studied 

prevalences of unhealthy lifestyles – smoking, excessive alcohol use, being 

sedentary – and changes in these over a six-year period across prevalent and 

incident chronic disease categories in a population-based sample of late 

A
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middle- and older aged respondents in the Netherlands. Subsequently, we 

examined if changes in lifestyle were related to changes in disease-related 

symptomatology, within disease categories. 

 

4.2 Methods 
Design and Study population 

The Longitudinal Aging Study Amsterdam (LASA) is a population-based cohort-

study on predictors and consequences of changes in well-being and autonomy 

in the late middle- and older aged population. Sampling, data collection 

procedures, and non-response were reported in detail elsewhere (Penninx et 

al., 2000; Van den Heuvel et al., 1996). Briefly, a random sample, stratified by 

age and gender, was drawn from the population registers of 11 municipalities, 

divided over three geographic regions in the Netherlands. Initially, 3107 

respondents, aged 55-85 years, were enrolled in the study. The baseline cycle 

was in 1992 and 1993 and consisted of two interview sessions, termed the 

main and medical interview. A group of 352 respondents, all born after 1930, 

did not receive the medical interview after participation in the baseline main 

interview and had incomplete data on lifestyle variables by default. Finally, a 

group of 571 (20.7%) respondents chose not to participate after the main 

interview (n=519) or had incomplete data at baseline (n=52), leaving our 

baseline sample with 2184 (79.3%) respondents. After six years, respondents 

were approached for follow-up (Broese van Groenou, Deeg, & Penninx,  2003). 

Between baseline and follow-up medical interview, 549 (25.1%) respondents 

died, 132 (6.1%) refused participation, 138 (6.3%) were interviewed by 

telephone and had no data on lifestyle variables, 74 (3.4%) respondents were 

unable to participate due to cognitive or physical impairments, 57 (2.6%) 

could not be contacted, and 67 (3.1%) respondents had incomplete data on 

the follow-up medical interview, leaving 1167 (53.4%) respondents at follow-

up.   

 

Measurements 

Chronic Disease Status 

Self-reported chronic disease status was assessed at both baseline and follow-

up, using an adapted form of the Dutch Health Interview Questionnaire 
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(Statistics Netherlands, 1989). Respondents were asked whether or not they 

had a specific disease. The list of diseases was summed and included lung 

disease (including chronic obstructive pulmonary disease [COPD], emphysema, 

bronchitis, asthma), CVD (including coronary heart disease [CHD], 

cerebrovascular accident [CVA], peripheral arterial disease [PAD]), diabetes, 

and osteo- and/or rheumatic arthritis [OA/RA]. Respondents could indicate if 

they had other chronic diseases that were not summed. Because of the 

heterogeneous character of the physical complaints that go with cancer, we 

categorized this ailment into the ‘other diseases’ category. Due to 

heterogeneity in this ‘other diseases’ category, the chronic disease categories 

of interest for this study were limited to four: lung disease, CVD, diabetes, and 

OA/RA. Reported diseases at baseline were ‘prevalent’. Reported diseases at 

follow-up that were not reported at baseline, were ‘incident’. Cohen’s Kappa’s 

for concordance between patient and general practitioner compared to non-

patient and general practitioner in our study ranged from 0.31 for OA/RA, and 

0.59 for lung disease, to 0.69 for heart disease, and 0.85 for diabetes 

(Kriegsman et al., 1996). 

 

Disease-related symptomatology 

Disease-related symptomatology was assessed using self-reported symptom 

inventories of the chronic diseases at both data collection cycles (Kriegsman et 

al., 1997). The symptom inventory of lung disease included eight questions 

about the frequency of coughing, coughing up phlegm, wheezing, shortness of 

breath, and the quality of the respondents’ night rest. Scores ranged from 0 to 

11, with higher scores indicating more lung disease-related symptoms. The 

symptom inventory of CHD included five questions about the frequency of 

chest pains, and how fast these pains disappear, swollen feet at getting up and 

going to bed, and the use of extra pillows at night. Scores ranged from 0 to 6, 

with higher scores indicating more CHD-related symptoms. The symptom 

inventory of PAD included three questions about pain experienced when 

walking, and whether this pain disappears when stopping walking. Scores 

ranged from 0 to 4, with higher scores indicating more PAD-related symptoms. 

The symptom inventory of CVA included four questions about problems with 

the use of arms, hands, or legs ever since the occurrence of the CVA (yes/no), 
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problems with vision since the CVA (yes/no), problems with speech since the 

CVA (yes/no), and problems with understanding written text (yes/no). Scores 

range from 0 to 4, with higher scores indicating more CVA-related symptoms. 

The composite variable for symptoms regarding cardiovascular disease (CVD) 

included the sum of the abovementioned symptom inventories of CHD, PAD, 

and CVA, and ranged from 0 to 14 with higher scores indicating more CVD-

related symptoms. The symptom inventory of diabetes included six questions 

about the frequency of chest pains, pain experienced when walking, and 

whether this pain disappears when stopping walking. Scores ranged from 0 to 

8, with higher scores indicating more diabetes-related symptoms. The 

combined symptom inventory of OA/RA included 12 questions about the 

frequency of pain, stiffness, and swelling of joints, and the prevalence of 

arthritic symptoms in a list of joints. Scores ranged from 0 to 12, with higher 

scores indicating more arthritis-related symptoms. For patients with prevalent 

disease, we computed a disease-specific symptomatology change score 

(follow-up minus baseline), with higher scores indicating greater increase in 

disease-related symptoms. For patients with incident disease only follow-up 

disease-related symptoms were taken into consideration. 

 

Lifestyle variables 

Respondents’ self-reported smoking behavior was assessed at baseline and 

follow-up, and was initially dichotomized into ‘not smoking’ versus ‘smoking 

([self-rolled] cigarettes, cigars, pipe)’. Also, we measured the average number 

of cigarettes smoked per week among persons who smoked cigarettes. We 

also used a smoking behavior change score over a period of six years to 

indicate whether or not respondents had ceased smoking. When respondents 

reported smoking cigarettes either at baseline or at follow-up, average number 

of cigarettes smoked per week was used to compute a continuous follow-up 

minus baseline change score, with negative change scores indicating decrease 

in average number of cigarettes smoked per week over a six-year period.  

Respondents’ self-reported alcohol intake was assessed at baseline and 

follow-up, and was categorized into ‘no alcohol use at all’, ‘light or moderate 

alcohol use (i.e. drinking up to two alcoholic consumptions on average per 

day)’, or ‘excessive alcohol use (i.e. drinking more than two alcoholic 
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consumptions on average per day)’. We also used an alcohol intake change 

score over a period of six years to indicate whether or not respondents had 

ceased excessive alcohol use. Also, we used baseline and follow-up average 

number of alcoholic consumptions per week to compute a continuous follow-up 

minus baseline change score, with negative change scores indicating decrease 

in average number of alcoholic consumptions per week over six years.  

At baseline and follow-up, averaged daily minutes of physical activity 

was computed by multiplying self-reported frequency and duration of walking, 

cycling, sports, and light (e.g., doing the dishes, or ironing) and heavy (e.g., 

cleaning windows, or vacuum cleaning) household chores (Stel et al., 2004). If 

either frequency of the activity was missing, or time spent on the activity in 

minutes, these were imputed by gender- and activity-specific series means. 

Averaged daily minutes of physical activity was then dichotomized into the 

lowest quartile on the one hand, representing ‘sedentary lifestyle’, versus the 

upper three quartiles on the other, representing ‘active lifestyle’. The cut-off 

score to determine sedentary lifestyle was <86 minutes of averaged daily 

physical activity, both at baseline and follow-up. A six-year period change 

score was computed to indicate whether or not respondents had become 

active. Also, we used baseline and follow-up average number of minutes of 

physical activity per day, to compute a change score (follow-up minus 

baseline), with positive change scores indicating increase in minutes of 

physical activity per day over a of six-year period. 

 

Covariates 

Potentially confounding covariates were age, gender, and educational level. 

The latter ranged from 1 (not finished elementary school) to 9 (finished 

university). Since respondents could report more than one chronic disease, 

multimorbidity – number of self-reported diseases, including those in the ‘other 

diseases’ category – was used as a covariate, ranged from 0 to 10, and was 

assessed at both data collection cycles. Also, a follow-up minus baseline 

multimorbidity change score was used in longitudinal analyses, with higher 

scores indicating greater increase in number of chronic diseases over a six-

year period.  

  



 

 57

4 
Statistical Analyses 

Following descriptive sample analyses at baseline, we compared lifestyle and 

covariate means, as well as proportional differences in lifestyle and covariates, 

for each prevalent chronic disease category at baseline, using Chi-square and 

one-sample t-tests, and (multinomial) logistic regression analyses adjusted for 

covariates. Lifestyle changes between baseline and follow-up were examined 

separately for prevalent versus incident categories of the four chronic disease 

categories, using McNemar tests for one-sample dependent observations. 

Kruskall-Wallis non-parametric tests were used to explore continuous lifestyle 

change variables among respondents who smoked, used alcohol excessively, 

or had a sedentary lifestyle at baseline, for each chronic disease category. 

Finally, we examined if change in disease-related symptoms differed between 

respondents who showed a healthy lifestyle change and respondents who 

persisted in unhealthy lifestyles, within each chronic disease category, using 

multivariate analyses of variance. These analyses were performed both 

unadjusted, and adjusted for age, gender, education, and change in 

multimorbidity. Data were analyzed using SPSS 11.5. Level of significance in 

all analyses was p < 0.05. 

 

4.3 Results  
Baseline 

Compared to respondents in the study sample with complete data on all key 

variables at baseline (n=2184), respondents who chose not to participate after 

the main interview or had incomplete data at baseline (n=571), were older 

(74.6 ± 7.9 versus [vs.] 71.7 ± 8.0; p < .001), were more likely to be in the 

category of elementary through lower vocational education (73.0% vs. 63.0%; 

p < .001), were more likely to have CVD (34.7% vs. 29.2%; p < .05), were 

more likely to have diabetes (11.0% vs. 7.8%, p < .05), were more likely to 

smoke (32.7% vs. 23.9%; p < .05), and drank fewer alcoholic drinks per week 

on average (4.2 ± 8.6 vs. 7.1 ± 10.0; p < .001; not tabulated). 

 Table 4.1 shows chronic disease prevalence figures across categories of 

background variables at baseline. Respondents in all chronic disease categories 

were older compared to respondents in the rest of the sample not reporting 

that specific chronic disease. Also, all four chronic diseases became more  
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prevalent across increasing age-categories. Proportionally more men than 

women reported lung disease and/or CVD (13.8% vs. 10.7% and 34.6% vs. 

24.8%, respectively), while proportionally more women than men reported 

OA/RA (47.9% vs. 25.2%). Also, proportionally more respondents with 

elementary through lower vocational education than respondents with general 

intermediate through university education reported diabetes (9.1% vs. 5.7%). 

Regarding multimorbidity, respondents in the chronic disease categories 

reported an average of 2.7 (± 1.3), 2.5 (± 1.3), 2.8 (± 1.5), and 2.3 (± 1.2) 

chronic conditions, respectively. Exactly one-third of our baseline sample 

reported having one chronic disease (n=728). Among respondents reporting 

two diseases (n=516), prevalence figures of lung disease and diabetes are 

lower than those of CVD and OA/RA. Finally, two out of three respondents 

reporting three or more diseases (n=419) were likely to have CVD, and almost 

three out of four respondents reporting three or more diseases were likely to 

have OA/RA.  

Respondents with lung disease reported a mean of 5.0 (± 2.2) 

symptoms at baseline, on a theoretical score range from 0 to 11 with an actual 

score range from 0 to 10, with higher scores indicating more disease-related 

symptoms. Respondents with CVD reported a mean of 1.6 (± 1.7) disease-

related symptoms at baseline, with an actual score range from 0 to 11 on a 

theoretical score range from 0 to 14. Respondents with diabetes reported a 

mean of 0.8 (± 1.2) symptoms at baseline, with an actual score range from 0 

to 6 on a theoretical score range from 0 to 8. The distributions of CVD- and 

diabetes-related symptoms appeared to be non-normal, as these were skewed 

positively. Respondents with OA/RA reported a mean of 4.4 (± 2.8) disease-

related symptoms at baseline, with an actual score range from 0 to 12 on a 

theoretical score range from 0 to 12 (Table 4.1).  

At baseline, 23.9% of the respondents were current smokers, 19.2% 

reported excessive alcohol use, and 25.0% were sedentary. As shown in Table 

4.2, the proportion of smokers was lower among respondents with OA/RA, 

compared to the rest of the study sample (20.4% vs. 25.9%). However, this 

association became non-significant in logistic regression analyses, adjusting for 

the covariates age, gender, educational level, and multimorbidity. Respondents 

with CVD at baseline smoked significantly fewer cigarettes on average per  
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N % Yes % No

Entire baseline study sample 2184 23.9 76.1

Prevalent lung disease Yes 261 23.8 76.2
No 1923 23.9 76.1

Prevalent CVDd Yes 638 23.8 76.2
No 1546 23.9 76.1

Prevalent diabetes Yes 171 18.1 81.9
No 2013 24.3 75.7

Prevalent OA/RAe Yes 804 20.4    79.6**f

No 1380 25.9 74.1

N % Abstaining % Moderate (Ref.i) % Excessive

Entire baseline study sample 2184 22.3 58.5 19.2

Prevalent lung disease Yes 261 27.6 47.1     25.3**g

No 1923 21.5 60.1 18.4

Prevalent CVD Yes 638 28.1 55.6      16.3***g

No 1546 19.9 59.7 20.4

Prevalent diabetes Yes 171 37.4 46.2     16.4***f

No 2013 21.0 59.6 19.4

Prevalent OA/RA Yes 804 26.9 55.2      17.9***g

No 1380 19.7 60.4 19.9

N % Sedentary % Active

Entire baseline study sample 2184 25.0 75.0

Prevalent lung disease Yes 261 32.6    67.4**f

No 1923 23.9 76.1

Prevalent CVD Yes 638 32.0     68.0***f

No 1546 22.1 77.9

Prevalent diabetes Yes 171 38.6      61.4***g

No 2013 23.8 76.2

Prevalent OA/RA Yes 804 26.2 73.8
No 1380 24.2 75.8

*** p < .001, ** p < .01, * p < .05; a Comparisons between two continuous variables were done with a  one-sample t-test, comparisons between proportions of 

categorical variables were done with Chi-square tests, multivariate testing was done with (multinomial) logistic regression for categorical variables and with
multivariate analyses of variance for continuous variables; b Mean and standard deviation (SD); c Among cigarette smokers (n=291) at baseline; d Cardiovascular 
diseases; e Osteo- and/or rheumatoid arthritis; f Became non-significant, or g remained significant, in multivariate analyses, adjusting for age, gender, educational 
level, and multimorbidity; h Drinking up to 2 alcoholic drinks per day on average was termed 'Moderate', drinking more than 2 alcoholic drinks per day on average 
was termed 'Excessive'; i Reference category in multivariate testing; j Being sedentary was defined as being physically active for less than 86 minutes on average 
per day, being physically active for more than 85 minutes on average per day was termed active.

Table 4.2: Baseline comparisonsa of lifestyle variables, by chronic disease category

78.3 (62.5)

85.4 (63.5)

100.1 (73.4)

  68.4 (58.4)*g

80.7 (62.5)

81.9 (66.2)

cigarettes smoked per weekc

Mean (SD)b number of

98.8 (62.2)

79.7 (61.8)

78.4 (54.4)

alcoholic drinks per week

Mean (SD) number of

   6.0 (8.9)***g

7.6 (10.4)

    8.5 (11.3)*g

6.9 (9.8)

7.1 (10.0)

5.4 (8.9)*f

7.3 (10.1)

 6.4 (9.9)*g

7.6 (10.1)

     138.4 (108.3)***f

Mean (SD) number of minutes
of physical activity per day

168.6 (121.1)

171.2 (121.8)

   145.3 (112.5)**f

171.8 (121.9)

    146.3 (110.7)***f

169.8 (127.0)
167.9 (116.9)

Smoking

Alcohol useh

Physical activityj

177.8 (124.0)
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week than the rest of the study sample. This association remained significant 

in multivariate analyses. Respondents with lung disease reported more than 

the rest of the study sample either to abstain from alcohol use, or to use 

alcohol excessively (27.6% vs. 21.5%, and 25.3% vs. 18.4%, respectively; 

Table 4.2). In contrast, respondents with CVD, diabetes, and/or OA/RA 

reported less excessive alcohol intake than the rest of the study sample 

(16.3% vs. 20.4%, 16.4% vs. 19.4%, and 17.9 vs. 19.9%, respectively). In 

multivariate multinomial logistic regression analyses, only the association 

between having diabetes and alcohol use became non-significant. Respondents 

with lung disease reported to drink more glasses of alcohol on average per 

week than their counterparts in the rest of the study sample (8.5 ± 11.3 vs. 

6.9 ± 9.8), whereas respondents with CVD, diabetes, and/or OA/RA reported 

to drink fewer glasses of alcohol than their counterparts in the rest of the 

study sample (6.1 ± 8.9 vs. 7.6 ± 10.4, 5.4 ± 8.9 vs. 7.3 ± 10.1, and 6.4 ± 

10.1 vs. 7.5 ± 10.0, respectively; Table 4.2). When tested in multivariate 

analyses, adjusted for covariates, the association between having diabetes and 

baseline average number of alcoholic drinks per week became non-significant.  

In all chronic disease categories but the OA/RA category, proportions of 

respondents who reported sedentary lifestyles were significantly larger 

compared to the rest of the sample. Except for the OA/RA category, 

respondents in chronic disease categories reported less average minutes of 

physical activity per day than their counterparts in the rest of the sample 

without that chronic disease (Table 4.2). However, when tested in multivariate 

analyses, adjusted for covariates, only the association between having 

diabetes and being sedentary remained significant.   

 

Follow-up 

Compared to respondents in the study sample with complete data on all key 

variables at baseline and follow-up (n=1167), at baseline, respondents in the 

attrition group (n=1017) were older (74.1 ± 8.2 vs. 69.6 ± 7.3; p < .001), 

were more likely to be male (51.6% vs. 46.5%; p < .05), were more likely to 

be in the category of elementary through lower vocational education (68.5% 

vs. 58.3%; p < .001), had higher multimorbidity scores (1.6 ± 1.3 vs. 1.3 ± 

1.2; p < .001), were more likely to have lung disease (14.1% vs. 10.1%; p <  
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N 1992/3  % initiated % ceased     1998/9

Entire Sample (valid at baseline & follow-up) 1167 20.9 1.5 5.4    17.0***

Prevalent lung disease 1992/3 118 16.1 0.8 8.4    8.5*
Incident lung disease between 1992/3 and 1998/9 81 33.3 2.5 4.9 30.9

Prevalent CVDb 1992/3 277 18.8 2.2 4.8 16.2
Incident CVD between 1992/3 and 1998/9 186 23.1 2.2 8.6  16.7*

Prevalent diabetes 1992/3 64 15.6 3.1 1.5 17.2
Incident diabetes between 1992/3 and 1998/9 44 15.9 4.5 4.5 15.9

Prevalent OA/RAc 1992/3 434 18.4 0.9 4.6   14.7**
Incident OA/RA between 1992/3 and 1998/9 226 22.6 0.9 6.2   17.3**

N 1992/3  % initiated % ceased   1998/9

Entire Sample (valid at baseline & follow-up) 1167 20.7 5.1 5.7 20.1

Prevalent lung disease 1992/3 118 29.7 5.9 11.0 24.6
Incident lung disease between 1992/3 and 1998/9 81 21.0 7.4 4.9 23.5

Prevalent CVD 1992/3 277 17.0 4.0 5.1 15.9
Incident CVD between 1992/3 and 1998/9 186 23.7 1.6 8.1   17.2**

Prevalent diabetes 1992/3 64 18.8 6.3 9.5 15.6
Incident diabetes between 1992/3 and 1998/9 44 15.9 4.5 6.8 13.6

Prevalent OA/RA 1992/3 434 19.1 4.8 5.9 18.0
Incident OA/RAbetween 1992/3 and 1998/9 226 21.2 4.4 6.1 19.5

N 1992/3  % initiated % ceased 1998/9

Entire Sample (valid at baseline & follow-up) 1167 20.6 17.6 8.7    29.5***

Prevalent lung disease 1992/3 118 25.4 17.8 9.3 33.9
Incident lung disease between 1992/3 and 1998/9 81 27.2 25.9 11.1  42.0*

Prevalent CVD 1992/3 277 23.1 22.0 10.5   34.7**
Incident CVD between 1992/3 and 1998/9 186 24.2 21.5 8.6   37.1**

Prevalent diabetes 1992/3 64 28.1 21.9 3.1   46.9**
Incident diabetes between 1992/3 and 1998/9 44 15.9 20.5 11.4 25.0

Prevalent OA/RA 1992/3 434 21.7 18.4 9.9   30.2**
Incident OA/RA between 1992/3 and 1998/9 226 17.7 16.8 5.7   28.8**

*** p < .001; ** p < .01; * p < .05; a Proportions were compared with McNemar's test for one-sample, dependent observations; b Cardiovascular disease(s); 
c Osteo- and/or rheumatoid arthritis; d Excessive alcohol use was defined as drinking more than 2 alcoholic drinks per day on average; e Having a sedentary 

lifestyle was defined as being physically active for less than 86 minutes per day on average. 

Table 4.3: Proportional changesa in lifestyles, stratified by prevalent and
 incident chronic disease categories between baseline and follow-up

% Excessive alcohol used

% Sedentary lifestylee

% Smoking
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.01), were more likely to have CVD (35.5% vs. 23.7%; p < .001), were more 

likely to have diabetes (10.5% vs. 5.5%, p < .001), were more likely to smoke 

(27.2% vs. 20.9%; p < .01), were more likely to report alcohol abstinence 

(26.2% vs. 18.9%; p < .001), and were more likely to report a sedentary 

lifestyle (30.0% vs. 20.6%; p < .001 [not tabulated]).  

Table 4.3 shows the proportional changes in lifestyles between baseline 

and follow-up in the entire sample and stratified by prevalent and incident 

chronic disease categories. In the entire sample, there was a significant 

decrease in proportion of respondents who smoked (from 20.9% to 17.0%). 

Similar significant decreases in smoking between baseline and follow-up were 

seen in respondents with prevalent lung disease (from 16.1% to 8.5%), in 

respondents with incident CVD (from 23.1% to 16.7%), and in respondents 

from both the prevalent and incident OA/RA category (respectively, from 

18.4% to 14.7%, and from 22.6% to 17.3%). In the entire study sample the 

proportion of respondents reporting excessive alcohol use did not change much 

between baseline and follow-up (from 20.7% to 20.1%). However, within the 

different chronic disease categories, proportions of respondents reporting 

excessive alcohol use tended to decrease between baseline and follow-up, 

except for respondents with incident lung disease (from 21.0% to 23.5%). The 

only significant decrease in proportion of respondents reporting excessive 

alcohol use was found among respondents with incident CVD between baseline 

and follow-up (from 23.7% to 17.2%; Table 4.3). In the entire sample, we 

found a significant increase in proportion of respondents who were sedentary 

between baseline and follow-up (from 20.6% to 29.5%). After stratification, 

significant increases in proportion of respondents who were sedentary between 

baseline and follow-up were found in respondents with incident lung disease 

(from 27.2% to 42.0%), prevalent and incident CVD (from 23.1% to 34.7%, 

and 24.2% to 37.1%, respectively), prevalent diabetes (from 28.1% to 

46.9%), and prevalent and incident OA/RA (from 21.7% to 30.2%, and from 

17.7% to 28.8%, respectively; Table 4.3).  

Due to non-normality of the continuous lifestyle change variables, we 

used non-parametric Kruskal-Wallis tests to see if categories within each 

chronic disease differed in continuous lifestyle change scores, among 

respondents who smoked, used alcohol excessively, and/or were sedentary at  
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baseline. In the figures we depicted grouped means of both baseline and 

follow-up continuous lifestyle scores. Among smokers at baseline (Figure 

4.1a), respondents with prevalent lung disease and/or prevalent diabetes 

appeared to cut down relatively more on number of cigarettes smoked per 

week compared to respondents with incident lung disease and/or incident 

diabetes. In the CVD and OA/RA categories this pattern could not be 

established. Among excessive alcohol users at baseline (Figure 4.1b), 

respondents with prevalent diabetes appeared to cut down relatively more on 

number of alcoholic drinks per week than respondents in other prevalent or 

incident chronic disease categories, followed by respondents with incident CVD 

(Figure 4.1b). Improvement in minutes of physical activity per day among 

respondents who were sedentary at baseline and had no diabetes, prevalent 

diabetes, or incident diabetes differed significantly: respondents with prevalent 

diabetes appeared to improve less in minutes of physical activity per day 

compared to the other two categories (Figure 4.1c).  

Consequently, we compared adjusted means of changes in disease-

related symptomatology in prevalent and incident disease categories between 

respondents who showed a healthy lifestyle change, i.e. ceased smoking, 

ceased using alcohol excessively, and/or initiated an active lifestyle, on the one 

hand and those who persisted in their unhealthy lifestyle, i.e. continued 

smoking, using alcohol excessively, and/or being sedentary, on the other. 

These analyses were performed only for the 11 disease categories in which 

lifestyles changed significantly, as shown in Table 4.3, and were performed 

both unadjusted and adjusted for covariates. The analyses yielded no 

statistically significant differences in disease-related symptoms between 

respondents who showed a healthy lifestyle change and those who persisted in 

their unhealthy lifestyle (not tabulated). 

 

4.4 Discussion 
This study addressed the associations between chronic disease and lifestyle 

domains. We described and examined the prevalence of lifestyles – smoking, 

excessive alcohol use, being physically active – and proportional changes in 

these lifestyles over a six-year period across chronic disease categories in a 

population-based sample of late middle- and older aged respondents in the  
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Netherlands. At baseline, associations between chronic diseases and lifestyle 

domains appeared to vary. In our sample, the percentage of respondents who 

reported to smoke at baseline with prevalent CVD was about similar to the 

percentage of respondents who reported to smoke at baseline without CVD. 

However, this latter group smoked significantly more cigarettes per week on 

average than the former group. The percentage of respondents who reported 

excessive alcohol use at baseline with prevalent lung disease was significantly 

higher than the percentage of respondents who reported excessive alcohol use 

at baseline without prevalent lung disease, while the associations between 

baseline excessive alcohol use and CVD, diabetes, and OA/RA tended to be 

reversed. The percentage of sedentary respondents at baseline with prevalent 

diabetes was significantly higher than the percentage of sedentary respondents 

at baseline without prevalent diabetes.  

In the entire sample, proportions of respondents who reported to smoke 

decreased over a six-year period, while the proportion of respondents who 

reported sedentary lifestyles increased. Respondents with incident CVD reacted 

strongly to their newly diagnosed disease: they were more likely than 

respondents in other chronic disease categories to quit smoking, to cease 

excessive alcohol use, and less likely to initiate a physically active lifestyle 

between baseline and follow-up. Respondents with prevalent or incident OA/RA 

were more likely to quit smoking and less likely to initiate a physically active 

lifestyle between baseline and follow-up, compared to respondents without 

those conditions.  

Adjusted analyses examining the continuous measures of lifestyle change 

within each disease category among the respondents who smoked or drank 

excessively at baseline yielded no statistically significant results (Figure 4.1a-

b). However, among the respondents who were sedentary at baseline, 

respondents with prevalent diabetes improved less in averaged daily minutes 

of physical activity compared to those without diabetes or incident diabetes 

(Figure 4.1c).  

Finally, adjusted analyses comparing change in disease-related 

symptomatology between respondents who showed a healthy lifestyle change 

and those who persisted in their unhealthy lifestyle across chronic disease  
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categories in which a significant proportional lifestyle change took place – as 

presented in Table 4.3 – yielded no significant results. 

Our findings regarding lifestyle changes are concordant with studies that 

conclude that lifestyles are variable over time (Mulder et al., 1998; Johansson 

& Sundquist, 1999). We found that current smoking behavior and excessive 

alcohol use are less susceptible to change than physical activity. The extent to 

which these health behaviors fluctuate differs across chronic disease 

categories.  

Healthy lifestyle changes have been reported to be associated with a 

remission of disease-related symptoms (Eagan et al., 2004), with improved 

self-reported health status (Johansson & Sundquist, 1999), and with decreased 

mortality (Paffenbarger et al., 1993).  Despite the above, our study results 

defy the hypothesis that healthy lifestyle changes may follow from personal 

necessity, that patients may experience such serious disease-related 

symptoms, for example intense chest pains, and realize that they cannot go on 

like before. It appears that change in disease severity, as indicated by disease-

related symptomatology, does not play a role in healthy lifestyle changes, 

because, among respondents reporting the same prevalent or incident chronic 

disease, changes in disease-related symptoms did not differ between those 

who showed healthy lifestyle changes and those who persisted in their 

unhealthy behavior.  

Furthermore, our findings cannot disprove the other notions that were 

hypothesized in the introduction; that, within our sample, respondents with 

chronic diseases make healthy lifestyle changes as a result of their adherence 

to healthy lifestyle regimens, advised to them by health professionals 

(Ellingsen et al., 2003); as a result of their awareness that they are 

responsible for their own health, as for some respondents their chronic disease 

status alone may be a reason to alter their health behavior (Blanchard et al., 

2003); or as a result of respondents with chronic diseases behaving according 

to what is expected from them by society. Because sample sizes in several 

analyses were small, resulting in suboptimal statistical power, it was not 

feasible to examine other potential correlates of lifestyle change, like 

personality, and social network size. 
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In the literature, many studies can be found regarding lifestyle variables. 

A small part of these studies use the same definitions of lifestyle variables. 

Additionally, only a fraction of those studies followed up on and quantified 

categories of lifestyle change, e.g. percentage quit smoking or percentage 

incident excessive alcohol use. Thus, our study contributes to the existing 

literature by explicitly quantifying these lifestyle changes.  

In sum, in this sample of community-dwelling late middle-aged and older 

persons from the Netherlands associations between chronic diseases and 

lifestyle domains appeared to be variable over time and across chronic disease 

categories. Changes in continuous lifestyle measures among respondents with 

unhealthy lifestyles at baseline appeared not to differ across chronic disease 

categories, nor were changes in disease-related symptoms different for 

respondents who showed a healthy lifestyle change and those who persisted in 

their unhealthy behavior. To our knowledge this is the first study that 

described the prevalences of lifestyles and lifestyle changes across different 

chronic diseases, and the effect of healthy lifestyle changes on change in 

disease-related symptomatology among late middle-aged and older 

respondents. Knowing whether a certain group of patients is inclined more 

than others to make healthy lifestyle changes might be important information 

which can be used to target health promotion strategies more effectively and 

to enhance the effectiveness of self-management programs that aim at coping 

with chronic diseases. If our findings are replicated in future studies, health 

promotion strategies may be targeted more effectively, and patient groups 

who do not initiate more healthy lifestyles might be reached for intervention.  
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CHAPTER 5 * 

 

Associations between lifestyle and depressed mood 
  

Longitudinal results from the Maastricht Aging Study 

 
Coen H. van Gool, Gertrudis I.J.M. Kempen, Hans Bosma, 

Martin P.J. van Boxtel, Jelle Jolles, & Jacques Th.M. van Eijk 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
Objectives: Associations between lifestyles and the development of affective 
problems are not unequivocally clear. We examined if healthy lifestyles protect 
against the development of depressed mood. Methods: A six-year follow-up 
sample of 1186 participants of the Maastricht Aging Study (MAAS), aged 24 
through 81 years, provided data on smoking, alcohol use, physical exercise, 
body mass index (BMI), and mood at baseline and follow-up. Associations 
between lifestyles and depressed mood were examined using cross-sectional 
and longitudinal techniques of analysis. Results: No cross-sectional 
associations between lifestyle and depressive symptomatology were found. 
Excessive alcohol use at baseline predicted depressed mood at follow-up 
(Relative Risk [RR] 2.53; 95% Confidence Interval [95%CI] 1.11 – 5.79), and 
>30 minutes of physical exercise per day at baseline predicted follow-up 
absence of depressed mood (RR 0.50; 95%CI 0.29 – 0.87). Not being 
overweight for six years (RR 0.49; 95%CI 0.25 – 0.95) was associated with 
follow-up absence of depressed mood. Conclusions: In this relatively healthy 
population sample, certain lifestyles either predicted or protected against 
depressed mood. Adopting healthy lifestyles might be a starting point to 
prevent or deal with depressed mood over time. 
 
Key words: Lifestyle, depressive symptomatology, longitudinal studies. 

                                                 
* As submitted to the American Journal of Public Health. 
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5.1 Introduction 

t is assumed that depressed mood is caused by a complex of physical, 

psychological, and socio-environmental factors [1]. For example, 

unhealthy lifestyles, such as smoking, excessive alcohol use, low levels of 

physical exercise, or being overweight or obese, may provoke chronic diseases 

[2,3] or worsen health status over time [4]. Chronic diseases, in turn, go 

together with more symptoms of depression [5], and feelings of depression 

may provoke more unhealthy lifestyles [6]. Another potentially downward 

spiraling mechanism might be that unhealthy lifestyles elicit or exacerbate 

feelings of depression [7,8], and that feelings of depression, subsequently, 

provoke or worsen (the consequences of) chronic diseases [9,10]. However, it 

is not unequivocally clear how unhealthy lifestyles and the development of 

depressed mood - referring to clinically relevant levels of depressive 

symptomatology along the depressive spectrum [11] - are associated over 

time.  

Although the association between current smoking and depressed mood 

has been consistently established in various cross-sectional study samples [12-

14], little evidence is available regarding its longitudinal association: whether 

current smoking precedes or follows depressed mood. In general, heavy 

drinking is associated with depressed mood [15,16]. Moreover, depressed 

mood is more often secondary to alcoholism than primary [15]. Physical 

activity seems to help counteract prevalent depression and to protect against 

incident depression. Still, longitudinal studies are asked for to further unravel 

this association [17,18]. The association between being overweight or obese 

and depressed mood is controversial, as negative, positive, and no associations 

have been found [19-22].  

If healthy lifestyles are associated with absence of, or protect against the 

development of depressed mood, this common, yet debilitating condition might 

be prevented or dealt with in the future by promoting healthy lifestyles. In this 

study we focus on the following question: Do healthy lifestyles protect against 

the development of depressed mood in the general population?  

 

I 
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5.2 Methods 
Design and Study population 

To date, the prospective Maastricht Aging Study (MAAS) on determinants of 

successful aging, has baseline and two three-year intermittent follow-up 

measurements. As first follow-up lifestyle variables were unavailable for 

respondents aged 49 or younger, we used baseline and second follow-up data. 

Between 1993 and 1995, participants were selected from a register of 15 

family practices in the south of the Netherlands [23]. General practitioners 

invited 9919 persons, aged 24 to 81 years, to participate in the study by 

completing a questionnaire and undergoing medical and neuropsychological 

examination. Participants were stratified by age, sex, and level of general 

ability. Exclusion criteria were history of chronic neurological pathology, stroke, 

or mental retardation. Approximately 3449 respondents completed 

questionnaires. Of this group, 1877 respondents (54.4%) participated in the 

medical and neuropsychological examination. Subsequently, 54 individuals 

were excluded due to unreliable test results, or MMSE scores below 24, 

indicating a cognitive disorder [24], leaving 1823 individuals at baseline. At 

follow-up, 1376 (75.5%) of these 1823 individuals were invited for follow-up 

assessment. Beforehand, 274 (15.0%) respondents refused further 

participation, 116 (6.4%) had died, 42 (2.3%) were lost to follow-up, and 15 

(0.8%) were medically unfit to participate. Ultimately, 1186 (86.2%) of the 

1376 respondents were included in the study sample, as 190 (13.8%) 

respondents were lost to subsequent analyses due to incomplete data at 

baseline or follow-up on either lifestyle or depression. The local medical ethics 

committee approved of the study and participants gave their written informed 

consent. Sampling, data collection procedures, and non-response are described 

elsewhere [25,26]. 

 

Measurements  

Depressive symptomatology at baseline was measured with the Depression 

scale of the Symptom Checklist (SCL-90) [27,28]. The 16 items of the self-

report SCL-90 Depression scale range from 1 to 5, with 1 indicating no 

complaint and 5 maximal complaint. Scores range from 16 to 80, with higher 

scores indicating more symptoms of depression. At follow-up, we used the 
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Center for Epidemiologic Studies Depression (CES-D) scale [29], as this 20-

item self-report scale was both designed for epidemiologic research purposes 

and has proven good psychometric qualities, for example in older populations 

[30]. The 20 items of the CES-D scale range from 0 to 3, with 0 indicating no 

complaint and 3 maximal complaint. Scores range from 0 to 60, with higher 

scores indicating more symptoms of depression. In order to screen for people 

with depressed mood, we applied the commonly used cut-off score of ≥ 16 

regarding the CES-D [29]. Predictive validity of both depression instruments 

are reported elsewhere [31]. 

Habitual smoking behavior at baseline and follow-up was addressed to in 

the questionnaire with the questions: “Do you smoke currently? (no/yes); If 

you do not smoke currently, did you smoke in the past? (no/yes)”. Baseline 

and follow-up habitual smoking behavior was categorized in: 1) Respondent 

currently smokes (reference category in analyses), 2) Respondent smoked 

formerly, and 3) Respondent never smoked. Change in smoking behavior over 

time was categorized in: 1) Respondent still does not smoke; 2) Respondent 

quit smoking; 3) Respondent started smoking; 4) Respondent still smokes 

(reference category in analyses). 

Habitual alcohol intake at baseline and follow-up was addressed to in the 

questionnaire with the questions: “What kind of alcoholic beverage do you 

usually drink? (beer, wine/sherry/port/vermouth, liquor, varies, I absolutely 

never drink alcohol); If you drink alcohol, how many glasses of alcohol do you 

drink per day on average? (> 10 glasses, between 7 to 10 glasses, between 3 

to 6 glasses, 1 or 2 glasses); If you drink alcohol, how many days of the week 

do you drink alcohol on average? (every day, 5 to 6, 3 to 4, 1 to 2, less than 1 

day per week)”. Based on these variables continuous baseline and follow-up 

averaged number of alcoholic consumptions per week was computed. Also, 

baseline and follow-up habitual alcohol intake measures were categorized in: 

1) Respondent does not drink (reference category in analyses), 2) Respondent 

drinks up to 2 alcoholic consumptions per day on average, and 3) Respondent 

drinks 3 or more alcoholic consumptions per day on average (excessive alcohol 

use). Change in alcohol use over time was categorized in: 1) Respondent still 

drinks alcohol; 2) Respondent started drinking alcohol; 3) Respondent quit 
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drinking alcohol; 4) Respondent still does not drink alcohol (reference category 

in analyses).  

Habitual physical exercise at baseline and follow-up was addressed to in 

the questionnaire with the questions: “Can you indicate how many hours per 

week on average you spend on (light) sports, such as ball sports, aerobic 

exercise, walking, biking, etc. (If you do not sport at all, please fill out 0)?”. 

Based on these variables continuous baseline and follow-up the average of 

minutes per day spent on physical exercise was computed. Furthermore, 

baseline and follow-up physical exercise measures were categorized in: 1) 

Respondent does not engage in physical exercise (reference category in 

analyses), 2) Respondent engages in physical exercise for up to 30 minutes 

per day on average, and 3) Respondent engages in physical exercise for more 

than 30 minutes per day on average. Change in physical exercise over time 

was categorized in: 1) Respondent still engages in physical exercise; 2) 

Respondent initiated physical exercise; 3) Respondent quit exercising; 4) 

Respondent still does not engage in physical exercise (reference category in 

analyses).  

Body mass index (BMI) was calculated by dividing weight in kilograms by 

the square of height in meters. Study staff recorded body weight and height at 

baseline and follow-up. We used BMI cut-off scores of ≥ 27.8 for men and ≥ 

27.3 for women to distinguish between respondents who were (at least) 

overweight (reference category in analyses) and those who were not [32]. 

Change in overweight status over time was categorized in: 1) Respondent is 

still not overweight; 2) Respondent is no longer overweight; 3) Respondent 

became overweight; 4) Respondent is still overweight (reference category in 

analyses). 

Previous research demonstrated that age, gender, education, and 

number of chronic diseases are associated with both lifestyle [33-35], and with 

depression [10,36,37]. Hence, these variables were included in our analyses as 

covariates. Educational level was obtained from the questionnaire, as were age 

and gender. We categorized educational level into low (respondents with 

primary education at most), intermediate (respondents with junior vocational 

training), and high (respondents with senior vocational or academic training). 

Lastly, respondents could indicate if a medical doctor ever made a diagnosis of 
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one or more 37 chronic diseases that were screened for in a semi-structured 

interview by a trained research assistant. 

 

Statistical Analyses 

Following attrition analyses, description of baseline study sample, and 

comparisons of baseline and follow-up study variables, associations between 

baseline lifestyle and baseline and follow-up symptoms of depression were 

analyzed. Hereafter, we studied associations between changes in lifestyle 

between baseline and follow-up and depressive symptomatology at follow-up. 

Data were analyzed with SPSS 11.5 using cross-sectional and longitudinal 

techniques of analyses, specifically chi-square, McNemar, (paired samples) t-

tests, analyses of variance, and multivariate logistic regression models with the 

(changes in) lifestyle domains as independent and clinically relevant depressive 

symptomatology at follow-up as outcome variable, using the unhealthy 

lifestyles as reference categories and adjusted for covariates. Additionally, 

analyses regarding follow-up clinically relevant depressive symptomatology or 

lifestyle change variables were adjusted for baseline levels of the depression or 

lifestyle variables.  

 

5.3 Results  
As shown in Table 5.1, attrition analyses at baseline demonstrated that, 

compared to respondents, persons who were lost to follow-up (n = 637) or 

were non-respondents (n = 1626; together n = 2263) were: significantly older 

(55.1 ± 17.6 years lost to follow-up or non-respondents versus [vs.] 49.0 ± 

14.7 years respondents); more likely to be female (55.8% vs. 47.7%); more 

likely to report low educational level (51.6% vs. 37.2%); reported more 

chronic diseases (1.9 ± 1.8 vs. 1.3 ± 1.3); reported les minutes of physical 

activity per day (13.5 ± 27.3 vs. 18.3 ± 28.3); were more likely to be 

overweight (39.9% vs. 33.0%); and had more symptoms of depression (20.0 

± 7.9 vs. 20.5 ± 6.1; Table 5.1).  

 Also shown in Table 5.1 are the lifestyle domains at follow-up. Between 

baseline and follow-up, the proportion of respondents who reported smoking 

decreased from 26.6% to 21.9%. Between baseline and follow-up, the 

proportions of respondents who either reported not drinking alcohol at all, or  
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Table 5.1: Population characteristics at baseline and comparisonsa on key variables 
at baseline and follow-up 

Non-respondents
or lost to follow-up Study Sample

(n  = 2263b) (n  = 1186)
Baseline Follow-up 

Mean (SD) / % Mean (SD) / % Mean (SD) / %

Age
   % 24-44 years 32.3   41.6c1  N.A.e

   % 45-64 years 32.3 40.7 N.A.
   % 65-81 years 35.4 17.7 N.A.

  Age (continuous) 55.1 (17.6) 49.0 (14.7)c1

Gender
   % Male 44.2    52.3c1 N.A.
   % Female 55.8 47.7 N.A.

Education
   % High 21.6   28.8c1 N.A.
   % Intermediate 26.8 34.0 N.A.
   % Low 51.6 37.2 N.A.

Chronic diseases
   % No chronic disease 23.3   33.4c1 N.A.
   % One chronic disease 27.2 33.8 N.A.
   % Two or more chronic diseases 49.4 32.8 N.A.

   # Chronic diseases 1.9 (1.8) 1.3 (1.3)c1 N.A.

Smoking behavior
   % Respondent currently smokes 29.1 26.6    21.9d1

   % Respondent used to smoke 36.4 38.6 40.7
   % Respondent never smoked 34.5 34.8 37.4

Averaged daily alcohol intake
   % Respondent does not drink alcohol 20.3 13.9   15.5d1

   % Up to 2 alcoholic drinks 75.2 79.4 76.3
   % 3 or more alcoholic drinks 4.5 6.7 8.2
    # Glasses of alcohol per week 6.1 (8.9) 6.1 (9.4) 6.2 (8.9)

Averaged daily time spent on physical exercise
   % Respondent does not engage in physical exercise 61.2   49.4b1    62.7c1

   % Up to 30 minutes 23.3 28.3 25.2
   % More than 30 minutes 15.5 22.3 12.1
    # Minutes of physical exercise per day 13.5 (27.3) 18.3 (28.3)c1 10.6 (20.5)d1

Body mass index (BMI)
   % ≥  27.3 (women); ≥  27.8 (men) 39.9     33.0c2   39.7d1

   % < 27.3 (women); < 27.8 (men) 60.1   67.0 60.3
   BMI (continuous) 27.2 (4.4) 26.5 (4.1)c1 27.0 (4.2)d1

SCL-90 Depression scale 22.0 (7.9) 20.5 (6.1)c1 N.A.

CES-D Depression scale N.A. N.A. 7.9 (6.7)
   % ≥ 16 N.A. N.A. 14.3
   % < 16 N.A. N.A. 85.7

a Comparisons of continuous variables were tested with (paired samples) t-tests and univariate analyses of 
variance; comparisons of categories were tested using chi-square and McNemar tests; b Numbers of non-
response and loss to follow-up vary from 2263 for sociodemographics, smoking behavior, alcohol intake, 
physical exercise, and SCL-90 Depression scale to 637 for BMI and number of chronic diseases; c differs 
significantly from non-respondents or persons lost to follow-up (c1 p < .001; c2 p < .01; c3 p < .05); d differs 
significantly from baseline (d1 p < .001; d2 p < .01; d3 p < .05); e Not Applicable.  
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reported to drink three or more alcoholic drinks per day on average, increased 

from 13.9% to 15.5% and from 6.7% to 8.2%, respectively (Table 5.1). The 

proportion of respondents who did not engage in physical exercise increased 

from 45.4% at baseline to 62.7% at follow-up. In addition, the averaged 

number of minutes daily physical exercise decreased from 18.3 ± 28.3 at 

baseline to 10.6 ± 20.5 at follow-up. Not only did the average level of BMI in 

the study sample increase from 26.5 ± 4.1 to 27.0 ± 4.2 between baseline and 

follow-up, the proportion of overweight respondents increased from 33.0% at 

baseline to 39.7% at follow-up as well. Lastly, 14.3% of the respondents 

scored above the clinically relevant threshold of the CES-D scale at follow-up 

(Table 5.1). 

Results from cross-sectional univariate analyses are shown in Table 5.2. 

Respondents aged 45 through 64 years reported higher mean depression 

scores at baseline compared to other age categories. Women had significantly 

higher mean depression scores than men. The proportion of respondents with 

low education reported significantly higher mean depression scores than 

respondents with intermediate or high education. Also at baseline, the 

proportion of respondents with two or more chronic diseases had higher mean 

depression scores compared to respondents without chronic disease or with no 

more than one chronic disease. Finally, respondents who reported excessive 

alcohol use at baseline had significantly lower mean SCL-90 depression scores 

at baseline than respondents who drank less alcohol or did not drink at all 

(Table 5.2). When the abovementioned covariates were taken into account in 

post hoc analyses, though, the association between baseline alcohol use and 

baseline depressive symptomatology became redundant (not tabulated).  

Table 5.3 shows results from longitudinal analyses, presented as relative 

risks (RR’s) and 95% confidence intervals (95%CI) from adjusted multivariate 

logistic regression models with baseline lifestyle domains as determinants of 

follow-up depressed mood. Compared to respondents who reported at baseline 

not to drink alcohol at all, respondents who reported to drink more than three 

alcoholic drinks per day on average at baseline were approximately 2.5 times 

as likely to be depressed at follow-up (RR 2.53; 95%CI 1.11 – 5.79). Also, 

every glass of alcohol consumed on average per week at baseline was  
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Table 5.2: Baseline and follow-up depression scores and comparisonsa stratified by baseline sociodemographic
information and baseline lifestyle domains (n = 1186)

SCL-90 Depression
score at baseline

Mean (SD) Mean (SD)

Age
   24-44 years n  = 493    20.3 (6.2)b3   7.0 (6.5)b1 12.6%    83.4%
   45-64 years n  = 483 21.1 (6.7) 8.5 (6.9) 14.9%    85.1%
   65-81 years n  = 210 19.8 (4.2) 9.1 (6.2) 17.1%    82.9%
   Age; Mean (SD) 51.2 (14.6)    48.7 (14.7)b3

Gender
   Male n  = 620    19.6 (5.0)b1   7.1 (5.8)b1   9.5%    90.5%b1

   Female n  = 566 21.5 (7.1) 8.9 (7.4) 19.6%    80.4%

Education
   High n  = 342    20.0 (6.1)b2    6.9 (6.3)b1   12.0%    88.0%b2

   Intermediate n  = 403 20.1 (5.7) 7.5 (6.5) 11.2%    88.8%
   Low n  = 441 21.3 (6.4) 9.1 (7.0) 19.0%    81.0%

Chronic diseases
   No chronic disease n  = 396   19.6 (4.7)b1   7.0 (6.7)b1 12.1%    87.9%
   One chronic disease n  = 401 20.4 (6.0) 7.8 (6.4) 13.2%    86.8%
   Two or more chronic diseases n  = 389 21.6 (7.3) 9.1 (6.8) 17.7%    82.3%
   # Chronic diseases; Mean (SD) 1.5 (1.5)    1.2 (1.3)b3

Smoking behaviour
   Respondent currently smokes n  = 315 20.9 (6.7) 8.3 (7.3) 16.5%    83.5%
   Respondent used to smoke n  = 458 20.4 (5.9) 8.2 (6.7) 14.6%    85.4%
   Respondent never smoked n  = 413 20.3 (5.9) 7.4 (6.1) 12.3%    87.7%

Averaged daily alcohol intake
   No, respondent does not drink alcohol n  = 164    22.1 (7.8)b1 8.7 (7.7) 17.1%    82.9%
   Up to 2 alcoholic drinks n  = 942 20.3 (5.9) 7.8 (6.5) 13.6%    86.1%
   3 or more alcoholic drinks n  = 80 19.7 (3.9) 7.7 (6.4) 16.3%    83.7%
    # Glasses of alcohol per week; Mean (SD) 6.1 (10.5)    6.1 (9.3)

Averaged daily time spent on physical exercise
   Respondent does not engage in physical exercise n  = 586 20.8 (6.4)    8.6 (7.2)b1  17.1%    84.1%b2

   Up to 30 minutes n  = 336 20.6 (5.7) 7.9 (6.3) 14.3%    85.7%
   More than 30 minutes n  = 264 19.8 (5.9) 6.6 (5.7) 8.3%    91.7%
    # Minutes of physical exercise per day; Mean (SD) 12.8 (24.2)    19.2 (28.9)b2

Body mass index (BMI)
   ≥ 27.3 (women); ≥ 27.8 (men) n  = 391 21.0 (6.4)    8.7 (7.1)b2 16.1%    83.9%
   < 27.3 (women); < 27.8 (men) n  = 795 20.3 (6.0) 7.6 (6.4) 13.5%    86.5%
   BMI; Mean (SD) 26.4 (4.1)    26.5 (4.1)

a Comparisons of continuous variables were tested using t-tests and univariate analyses of variance; we used chi-square tests to compare 
categorical variables; b differs mutually  (b1 p  < .001; b2 p  < .01; b3 p  < .05); c i.e. CES-D score ≥ 16.

  CES-D Depression score at follow-up
 Depressedc  vs. Non-depressed

14.3%; n  = 170 vs. 85.7%; n  = 1016

 
 

associated with a 2% increased risk of being depressed at follow-up (RR 1.02; 

95%CI 1.00 – 1.04). Both analyses were adjusted for all covariates (Table 

5.3). 

Respondents who reported to be engaged in physical exercise for more 

than 30 minutes per day on average at baseline, decreased their risk of being 

depressed at follow-up by 50% compared to respondents who reported not to 

be engaged in physical exercise at all (RR 0.50; 95%CI 0.29 – 0.87). Also, 
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Table 5.3: Multivariate logistic regression models with baseline lifestyle domains as 
determinants of follow-up depression outcome (n  = 1186)

RR (95%CI)a RR (95%CI)
Baseline Lifestyle Domains Adjustedb Adjustedc

Smoking behaviour
   Respondent currently smokes n  = 315 Ref.d Ref.
   Respondent used to smoke n  = 458   0.91 (0.59 - 1.41)   0.88 (0.56 - 1.37)
   Respondent never smoked n  = 413   0.74 (0.46 - 1.18)   0.65 (0.40 - 1.05)

Averaged daily alcohol intake
   No, respondent does not drink alcohol n  = 164 Ref. Ref.
   Up to 2 alcoholic drinks n  = 942   0.98 (0.59 - 1.63)   1.24 (0.73 - 2.11)
   3 or more alcoholic drinks n  = 80   1.52 (0.70 - 3.30)   2.53 (1.11 - 5.79)e3

   # Glasses of alcohol per week n = 1186   1.01 (0.99 - 1.03)   1.02 (1.00 - 1.04)f3

Averaged daily time spent on physical exercise
n  = 586 Ref. Ref.

   Up to 30 minutes n  = 336   0.81 (0.54 - 1.22)   0.77 (0.50 - 1.16)
n  = 264   0.44 (0.26 - 0.77)e2   0.50 (0.29 - 0.87)e3

   # Minutes of physical exercise per day on average n  = 1186   0.99 (0.98 - 1.00)f2   0.99 (0.98 - 1.00)f3

Body mass index (BMI)
   ≥  27.3 (women); ≥  27.8 (men) n  = 391 Ref. Ref.
   < 27.3 (women); < 27.8 (men) n  = 795   0.92 (0.63 - 1.34)   1.02 (0.69 - 1.51)

   BMI score (continuous) n = 1186   0.99 (0.95 - 1.04)   0.98 (0.94 - 1.03)

a Relative Risks and 95% confidence intervals; b Adjusted for baseline depression score; c Adjusted additionally for age, 
sex, educational level, and number of chronic diseases; d Reference category; e Differs significantly from the reference 
category (e1 p < .001; e2 p < .01; e3 p < .05);  f statistically significant (f1 < .001; f2 < .01; f3 < .05).  

   Respondent does not engage in physical exercise

   More than 30 minutes 

CES-D Depression at follow-up (≥ 16)

 
 

every minute of physical exercise per day at baseline was associated with a 

1% decreased risk of being depressed at follow-up (RR 0.99; 95%CI 0.98 – 

1.00). Both analyses were adjusted for all covariates (Table 5.3).  

Table 5.4 shows results from longitudinal analyses, presented as relative 

risks and 95% confidence intervals from adjusted multivariate logistic 

regression models with changes in lifestyle domains as determinants of follow-

up depressed mood. Analyses, adjusted for baseline levels of depression and 

alcohol intake, showed that respondents who drank both at baseline and 

follow-up, as well as respondents who initiated alcohol use between baseline 

and follow-up, had lower relative risks of being depressed at follow-up 

compared to respondents who reported to abstain from alcohol use at baseline 

and follow-up (RR’s 0.55 and 0.21; 95%CI’s 0.32 – 0.92 and 0.06 – 0.75, 
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Table 5.4: Multivariate logistic regression models with changes in lifestyle domains as 
determinants of follow-up depression outcome (n  = 1186)

RR (95%CI)a RR (95%CI)
Changes in Lifestyle Domains Adjustedb Adjustedc 

Smoking behaviour
   Respondent still does not smoke n  = 840   1.00 (0.41 - 2.45)   1.23 (0.48 - 3.14)
   Respondent quit smoking n  = 86   0.86 (0.40 - 1.85)   0.92 (0.42 - 2.03)
   Respondent started smoking n  = 31   1.74 (0.54 - 5.57)   2.55 (0.76 - 8.57)
   Respondent still smokes n  = 229 Ref.e Ref.

Alcohol intake
   Respondent still drinks n  = 955   0.55 (0.32 - 0.92)d3   0.74 (0.73 - 1.28)
   Respondent started drinking n  = 47   0.21 (0.06 - 0.75)d3   0.22 (0.06 - 0.82)d3

   Respondent quit drinking n  = 67   1.11 (0.52 - 2.37)   1.13 (0.52 - 2.46)
   Respondent still does not drink n  = 117 Ref. Ref.

Physical exercise
   Respondent still engages in physical exercise n  = 334   0.70 (0.39 - 1.25)   0.67 (0.37 - 1.22)
   Respondent started to engage in physical exercise n  = 108   0.60 (0.30 - 1.19)   0.62 (0.31 - 1.24)
   Respondent quit engaging in physical exercise n  = 266   1.02 (0.39 - 1.77)   0.91 (0.52 - 1.59)
   Respondent still does not engage in physical exercise n  = 478 Ref. Ref.

Body mass index (BMI)
   Respondent is still not overweight n  = 670   0.42 (0.22 - 0.81)d2   0.49 (0.25 - 0.95)d3

   Respondent is no longer overweight n  = 45   1.02 (0.44 - 2.38)   1.10 (0.45 - 2.69)
   Respondent became overweight n  = 125   0.68 (0.34 - 1.34)   0.78 (0.39 - 1.56)
   Respondent is still overweight n  = 346 Ref. Ref.

a Relative Risks and 95% confidence intervals; b Adjusted for baseline depression score and baseline level of
lifestyle in question; c Adjusted additionally for age, sex, educational level, and number of chronic diseases; 
d Differs significantly from the reference category (d1 p < .001; d2 p < .01; d3 p < .05); e Reference category.  

CES-D Depression at follow-up (≥ 16)

 
 

respectively). However, when these analyses were adjusted additionally for 

covariates, only the association of alcohol use initiation between baseline and 

follow-up and absence of depressed mood at follow-up remained significant 

(RR 0.22; 95%CI 0.06 – 0.82; Table 5.4).  

When adjusted for all covariates, analyses demonstrated that 

respondents who were not overweight at baseline, nor at follow-up, had a 

lower relative risk of being depressed at follow-up compared to respondents 

who were overweight at both moments of measurement (RR 0.49; 95%CI 0.25 

– 0.95; Table 5.4). 

 

5.4 Discussion 
We studied cross-sectional and longitudinal associations between lifestyles and 

depressive symptomatology in a sample of relatively healthy participants of the 
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MAAS study over a 6-year period. In cross-sectional baseline analyses, we 

found no associations between alcohol use and depressive symptomatology. In 

longitudinal analyses, we found that baseline excessive alcohol use, as 

compared to alcohol abstinence, predicted follow-up depressed mood, and that 

more than 30 minutes of physical exercise on average per day at baseline, as 

compared to not exercising at all, predicted follow-up absence of depressed 

mood. Finally, we found alcohol use initiation to be associated with absence of 

follow-up depressed mood compared to steady non-drinkers, and not being 

overweight at both moments of measurement to be associated with absence of 

follow-up depressed mood compared to respondents who are overweight at 

both moments of measurement.  

 Although our study found a decrease in proportion respondents who 

reported to smoke, we did not find any associations between (change in) 

smoking behavior and subsequent depressed mood. This is contradictory to a 

substantial part of the current literature [6,12-14]. Moreover, the increase in 

proportion respondents who never smoked indicates some inconsistency in 

completing the questionnaires over a six-year period. This may be detrimental 

to the reliability of data regarding smoking behavior and may have weakened 

associations between smoking behavior and depressive symptomatology.  

Our finding of a significant longitudinal predictive effect of baseline 

excessive alcohol use on the development of depressed mood is in 

concordance to some extent with the finding of Aneshensel and colleagues [8]. 

They found contradictory cross-sectional and longitudinal effects of alcohol use 

on depression. From their study among 742 adults in the Los Angeles 

Metropolitan Area Sample, they inferred that high levels of alcohol use were 

associated with low levels of depressive symptomatology (cross-sectional), but 

that high initial levels of alcohol use were associated with increased depressive 

symptomatology (longitudinal).  

Our finding of a significant longitudinal protective effect of high initial 

level of physical exercise on subsequent depressed mood, is partly in line with 

the results of Strawbridge and colleagues [17]. They found that high levels of 

physical activity were associated with absence of depression and were 

protective against incident depression among 1947 community-dwelling adults, 

aged 50 through 94 years, using a five-year follow-up. Their measure of 
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physical activity was defined as usual frequency (never, sometimes, often; 

scoring was zero, one, or two, respectively) of physical exercise, taking part in 

active sports, taking long walks, and swimming.  

 Parallels can be drawn between our finding of a longitudinal association 

between successfully keeping BMI values below overweight cut-off levels and 

absence of depressed mood and the findings of Roberts and colleagues [20] 

and Ogden [38]. This last study reported a different psychological profile for 

individuals who proved successful in maintaining their BMI below obese cut-off 

levels: “they reported greater endorsement for psychological consequences, 

and indicated that they had been motivated to lose weight for psychological 

reasons”. Lastly, the association between not being overweight for six years 

and the absence of follow-up depressed mood might be mediated by pain. 

Earlier work showed that high levels of BMI are associated with low levels of 

health-related quality of life (HRQoL) [39], and high levels of pain [40], and, 

moreover, that the association between BMI and HRQoL was being mediated 

by levels of pain [41]. Analogously, as compared to respondents who are 

unsuccessful in maintaining their BMI below overweight cut-off levels, 

respondents who are successful might experience lower levels of pain in joints 

that are crucial in mobility, for example, and potentially be at less risk for 

subsequent depressive symptomatology. 

 The authors are uncertain about the validity of the association between 

alcohol use initiation and absence of depressed mood at follow-up. Firstly, as 

this analysis was adjusted for baseline depression, we actually examined 

simultaneity of change in alcohol use and change in depression, which 

prohibits causal inferences. For all we know, a decrease in depressive 

symptomatology could be associated with an increase in alcohol use, also 

among those who initially reported to abstain from alcohol use. Secondly, we 

cannot rule out that this finding is a statistical artifact due to selection bias (as 

non-respondents reported more symptoms of depression), and relatively small 

sample size of the respondents who initiated alcohol use (n = 47). 

 Another limitation of our study pertains to the attrition due to non-

response and loss to follow-up. Although our study used a six-year follow-up, 

the considerable proportion of attrition may have caused selection bias 

regarding our study sample. As we mentioned earlier, this could be an 
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alternative explanation for the association we found between alcohol use 

initiation and absence of depressed mood. However, Kempen and van 

Sonderen take the view that the effect of attrition is more disturbing for 

descriptive results than for measures of (longitudinal) association, such as 

used in our study [42].  

A last limitation of our study pertains to the use of our lifestyle change 

categories. As we categorized lifestyle changes simply as cross-product of 

baseline and follow-up smoking, drinking, exercising, or being overweight 

(no/yes), we may have augmented heterogeneity within categories, as 

compared to heterogeneity between categories, and diminished statistical 

power. Consequently, estimations of true effects of lifestyle changes on 

subsequent depressed mood may be conservative. These limitations should be 

kept in mind when interpreting our results and public health recommendations. 

However, we believe that our study has strengths as well. To our 

knowledge, this is the first study that examined associations between four 

lifestyle domains and depressive symptomatology in the same sample, using 

both cross-sectional and longitudinal techniques of analyses. Pivotal in our 

study are the longitudinal findings that: 1) baseline excessive alcohol use 

predicted follow-up depressed mood; 2) more than 30 minutes of baseline 

physical exercise predicted absence of follow-up depressed mood; and 3) not 

being overweight over a longer period of time was associated with absence of 

follow-up depressed mood. Regarding the potentially downward spiral - 

mentioned in the introduction - our results indicate that this downward motion 

might be stopped by adopting healthy lifestyles, in order to prevent incidence 

or worsening of depressive symptomatology over time. Consequently, chronic 

disease incidence or worsening might also be prevented. 

Should the evidence of certain lifestyles being protective against the 

development of depressed mood accumulate after replication studies, then 

(more) controlled intervention studies should be called for. Preliminary results 

indicate favorable effects of, for example, exercise on mental health [43,44]. 

As good results were obtained in lowering symptoms of depression using 

psychoeducation [45,46], future intervention studies might attempt to prevent 

incidence or worsening of depressed mood by encouraging healthy lifestyles as 

well as by using psychoeducation. 
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Abstract 
Background: Depressed mood is common in late life, more prevalent among 
the chronically diseased than in the general population, and has various 
health-related consequences. So far, the association between depression and 
unhealthy lifestyles among chronically diseased has not been examined 
longitudinally in older persons. Primary Objective: To determine if depressed 
mood is associated with unhealthy lifestyles in late middle aged and older 
people, with or without chronic somatic diseases. Methods: In a sample of 
1280 community-dwelling people from the Netherlands, the associations 
between depressive symptoms and lifestyle domains were analysed cross-
sectionally and longitudinally - using logistic regression analyses and 
multivariate analyses of variance. Results: After controlling for confounders, 
depressed people (N = 176 at baseline) were more likely to be smokers (OR 
1.71; 95%CI 1.17-2.52). A persistent depression was associated with an 
increase in cigarette consumption (p = .036). Having an emerging depression 
(N = 155) was most likely to co-occur with persons’ change from being 
physically active to being sedentary (RR 1.62; 95%CI 1.05-2.52), and was 
associated with the largest decrease in minutes of physical activity (p = .038). 
This effect was not modified or confounded by chronic somatic disease. A 
persistent depression tended to be associated with incident excessive alcohol 
use (RR 4.04; 95% CI 0.97-16.09; p = .056). Conclusions: Depression is 
associated with smoking behavior, and with increase in cigarette consumption. 
An emerging depression is associated with becoming sedentary, irrespective of 
their disease status at baseline, and is associated with decrease in minutes of 
physical activity.  
 
Key words: depression, lifestyle, chronic disease, longitudinal studies. 

                                                 
* As published in Age & Ageing 2003; 32 (1): 81-7. 
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6.1 Introduction 

epression is common in late life [1]. On average, people with chronic 

diseases are 1.5 to 2 times more often depressed [2]. The most probable 

explanation is a reciprocal interaction between chronic somatic disease and 

late life depression [e.g., 3-6]. One mechanism is the adoption of unhealthy 

lifestyles by depressed people [7]. The deteriorating effects of unhealthy 

lifestyles on chronic somatic diseases have been described previously [8, 9]. 

Lifestyle domains, such as alcohol use, smoking history, and physical activity 

were identified as confounders in the relation between depression and heart 

disease [10, 11]. The importance of advanced insight in the mechanism 

through which depression may trigger or worsen chronic medical conditions is 

evident, with the increasing number of older people with chronic diseases in 

most western societies [12]. Also, the prevalence of depression may differ 

across specific disease groups [13], and different lifestyles may be relevant to 

different diseases. Improvement of mental health of chronically diseased is 

imperative. This improvement could change the attitudes towards healthy 

lifestyles, thus stopping a possible downward spiral of depression, unhealthy 

lifestyles, and deterioration of chronic disease.  

There are a number of studies available regarding the effect of 

depression on unhealthy lifestyles, particularly in older people. While the 

relationship between depression and physical inactivity is well established [14], 

the association of depressive symptoms and smoking behavior remains 

unclear. In fact, some studies found major depression to increase the risk of 

smoking intensity significantly, but not of smoking initiation [15, 16]. However, 

no causal inferences can be made, since most of these studies did not use 

longitudinal designs or yielded inconsistent results.  

Little is known about the impact of depressed mood, or changes therein, 

on the adoption of unhealthy lifestyles in late middle aged and older persons, 

with or without chronic diseases. In this paper we focus on the following 

questions: Are depressive symptoms associated with unhealthy lifestyles, (i.e., 

alcohol use, smoking behavior, and physical activity)? Are there any 

differences in this respect among people with different chronic diseases (i.e. 

heart disease, chronic non-specific lung disease (CNSLD), diabetes, and 

osteoarthritis)? 

D
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6.2 Methods 
Design  

For this study baseline and second follow-up measurements were used from 

the Longitudinal Aging Study Amsterdam (LASA). LASA is a longitudinal, 

prospective cohort-study on predictors and consequences of changes in well-

being and autonomy in the late middle aged and older population with baseline 

and two three-year intermittent follow-up measurements. Because first follow-

up lifestyle variables were not available for all respondents, only baseline and 

second follow-up data were used. Sampling, data collection procedures, and 

non-response have been reported in detail elsewhere [10, 17, 18]. 

 

Study sample 

A total of 3107 respondents, aged 55-85 years, were enrolled in the study. The 

first round of data collection took place in 1992 and 1993. The six-year follow-

up data collection was in 1998 and 1999 [19]. Between baseline interview and 

follow-up, 766 (24.6%) respondents had died, 217 (7.0%) refused 

participation, 202 (6.5%) were interviewed by telephone, which interview did 

not include data on lifestyle, 102 (3.3%) respondents were unable to 

participate due to cognitive or physical impairments, and 86 (2.8%) could not 

be contacted. After participation in the main baseline interview, another 352 

(11.3%) respondents, all born after 1930, were not followed up for practical 

reasons related to the study design. Ultimately, 102 (3.3%) respondents were 

lost to subsequent analyses because of their incomplete data on depression 

and lifestyle, leaving a total of 1280 (41.2%) respondents with complete data. 

 

Measurements  

Depressive symptoms were measured with the Center for Epidemiologic 

Studies Depression (CES-D) scale [20]. This 20-item self-report scale was 

designed for epidemiologic research purposes in older populations and has 

proven good psychometric qualities, for instance in the Netherlands [21]. In 

order to screen for people with clinically relevant levels of depressive 

symptoms, hereafter called depression, we applied the commonly used CES-D 

cut-off score of 16 (i.e. 16 or higher [20]). We used two measures of 

depression: the depression score at baseline (depressed vs. not depressed) 
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and a measure for change in depression during follow-up. This change in 

depression was categorised into: ‘no depression’, ‘emerging depression’, 

‘remitted depression’, and ‘persistent depression’. Similar to Kennedy [22] and 

Penninx [19] a relevant change in depression was defined as an increase 

(emerging depression) or a decrease (remitted depression) of more than 0.5 × 

standard deviation (SD) (0.5 × 8 = 4 CES-D points) between baseline and 

follow-up, thereby transcending the cut-off score. Persons not fulfilling the 

condition of relevant change were categorised as having either no depression 

or a persistent depression, depending on their baseline level of depressive 

symptoms. 

Respondents’ alcohol intake [23] at baseline and follow-up was 

dichotomised in: no to moderate alcohol intake (to an average of two drinks a 

day) vs. excessive alcohol intake (average of three or more drinks per day; 

[e.g., 19]). We used baseline alcohol intake as initial score and two 

dichotomised change scores (quit excessive alcohol use vs. remain drinking; 

emerging excessive alcohol use vs. no excessive alcohol use). Smoking 

behavior [23] at baseline and follow-up was dichotomised in: never smoked or 

stopped smoking, vs. currently smoking cigarettes, cigars, or pipe [e.g., 19]. 

We used baseline smoking behavior as initial score and two dichotomised 

change scores (quit smoking vs. continue smoking; smoking initiation vs. 

remain non-smoking). In addition, we examined number of cigarettes smoked 

per week. Physical activity was measured in minutes per day by adding up 

averaged, self-reported time spent on walking, cycling, sports, and light (e.g., 

doing the dishes, or ironing) and heavy (e.g., cleaning windows, or vacuum 

cleaning) household chores [24-26]. This variable was then dichotomised in 

the lowest quartile on the one hand, representing sedentary lifestyle at 

baseline, and the upper three quartiles on the other, representing more active 

lifestyles at baseline. The cut-off score to determine sedentary lifestyle was at 

83.6 minutes of average daily physical activity, both at baseline and follow-up. 

Again, we used baseline physical activity as initial score and two dichotomised 

change scores (become sedentary vs. remain active; become physically active 

vs. remain inactive).  

Potential confounders included baseline socio-demographics: sex, age, 

and years of education. In addition, physical disability was measured with a 3-
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item physical disability scale, previously validated in the Netherlands [27, 28]; 

scores range from 3 to 12, theoretically. Low scores on this scale indicate more 

physical disability. These confounders were selected because they relate to 

both lifestyle and depression [2, 14, 19, 29-31]. 

Chronic disease status, as a potential effect modifier, was assessed by 

self-report [23]. We selected CNSLD, heart disease, diabetes, and 

osteoarthritis. These four chronic diseases each represent one major disease 

category: CNSLD represents disorders of the respiratory system, heart disease 

represents disorders regarding the cardiovascular system, diabetes represents 

metabolic disorders, and osteoarthritis represents musculo-skeletal disorders. 

Data on psychometric qualities of the concordance between patient and 

general practitioner in our study sample have been reported in detail 

elsewhere [32] and appeared to be satisfactory. 

 

Statistical Analyses 

First, associations between depression at baseline and lifestyle at baseline 

were studied. In addition, associations between depression at baseline and 

changes in lifestyle were analysed. Third, associations between changes in 

depression and changes in lifestyle were examined. Finally, to determine 

moderating effects of chronic somatic disease, interaction terms of chronic 

disease status × depression were entered in all analyses.  

Data were analysed with SPSS 10.0 using chi-square tests, t-tests, and 

logistic regression models with depression as independent and the separate 

(changes in) lifestyle domains as outcome variables, while controlling for age, 

sex, educational level attained, and physical disability. Odds-ratios (ORs), 

relative risk-ratios (RRs), and 95% confidence intervals (CIs) are presented. In 

addition, multivariate analyses of variance (MANOVA’s) were performed with 

depression change scores as independent and continuous lifestyle change 

scores as dependent variables, while controlling for age, sex, educational level 

attained, and physical disability. 

 

6.3 Results  
Analyses of attrition at baseline demonstrated that persons who were lost to 

follow-up (N = 1827) were significantly: older (71.4 years non-responders vs. 
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69.9 years respondents), more likely to be men (50.6% vs. 45.4%), and more 

physically disabled (9.3 vs. 10.3). In addition, significantly more non-

responders reported to have enjoyed only elementary through lower vocational 

education (66.2% vs. 59.9%), and to have chronic diseases (45.3% vs. 

40.3%). Furthermore, non-responders were more often likely to be smokers 

(28.7% vs. 21.4%), to be less often excessive drinkers (2.7% vs. 4.1%), and 

to have more often sedentary lifestyles (38.2% vs. 25.5%) compared to 

respondents.  

The percentage of respondents with clinically relevant levels of 

depressive symptoms, i.e. with CES-D scores ≥ 16, increased significantly from 

13.8% to 20.3% between baseline and follow-up (p ≤ .001), which may be due 

to age-related health changes or other life events. The proportion of 

respondents who smoked decreased significantly from 21.4% to 17.3% (p ≤ 

.001). The proportion of respondents who were excessive alcohol users 

decreased significantly from 4.1% to 3.4% (p ≤ .001). The proportion of 

respondents with sedentary lifestyles increased significantly from 25.5% to 

35.2% (p ≤ .001). Study sample characteristics by depression status at 

baseline are presented in Table 6.1. 

At baseline, a significant relation was found between depression and 

smoking behavior: persons with depressed mood were significantly more often 

smokers (see Table 6.1), with a corresponding OR of 1.71 (95% CI; 1.17-2.52; 

adjusted for age, sex, years of education, and baseline physical disability). 

Other associations yielded no significance. None of the interaction terms of 

each chronic somatic disease status × depression reached the level of 

significance, after inclusion in the logistic regression analyses regarding 

smoking behavior. In addition, after implementing each chronic somatic 

disease status term as a confounder, the association between depression and 

smoking behavior remained similar (data not shown). 

The logistic regression analyses of baseline depression and changes in 

lifestyle yielded no significant associations (data not shown). 

Changes in depression could only significantly predict changes in physical 

activity in respondents who were originally physically active: respondents with 

an emerging depression between baseline and follow-up were at a 62% higher 

risk of becoming sedentary in physical activity between baseline and follow-up  
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Table 6.1: Study sample characteristics at baseline (N = 1280). 
 
         1992/1993   
 
             Depressed     Non-depressed 
         (13.8%; N=176) (86.2%; N=1104)  
 
% Age  - 55 – 64 yrs    28.8   38.1† 
 
% Gender  - Female    68.2   52.4* 
   
% Education - elementary through lower   70.5   58.2* 

  vocational education 
 
% CNSLD (N = 127)     13.6   9.3  
   
% Heart disease (N = 229)     20.5   17.5  
 
% Diabetes (N = 68)     6.8   5.1 
   
% Osteoarthritis (N = 457)     45.5   34.1* 
 
% Excessive alcohol use (avg of ≥3 glasses a day)  4.0   4.1 
  
% Smoking (N= 157)     28.4   20.3†  
 
% Sedentary lifestyle (avg of ≤ 83.6 minutes of  30.7   24.7  
physical activity a day)   
 
Age      M (SD)  69.3 (8.6)  69.9 (7.1) 
 
Physical disability (N = 1279)  M (SD)  8.8 (3.7)  10.6 (2.5)*  
 
Number of cigarettes a week (N = 157)  M (SD)  88.5 (74.2)  75.5 (60.5) 
 
Minutes of daily physical activity   M (SD)  154.5 (111.7)  171.4 (125.6) 
 
Note: * p is significant at the ≤ .01 level; † p is significant at the ≤ .05 level. Proportional 
variables were tested using Chi-square tests; continuous variables were tested using T-
tests. 

 

(Table 6.2). Overall changes in excessive alcohol use were small. Note, 

however, that the four-fold likelihood of persistent depressed 

persons,compared to never depressed persons, of incident excessive alcohol 

use over a six-year period was borderline significant (p = 0.056).  

None of the interaction terms of each chronic somatic disease status × 

relevant change in depression reached the level of significance. In 

addition,after implementing each chronic somatic disease status term as a 

confounder, the associations between relevant change in depression and 

change in physical activity, and persistent depression and incident excessive 

alcohol use remained similar (data not shown).  
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Figure 6.1: Change in number of cigarettes across depression 
groups among smokers over a six-year period (N = 176)*
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P = .037

* Adjusted for age, sex, years of education, physical 
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Figure 6.2: Change in minutes of physical activity across 
depression groups over a six-year period (N = 1279)**

-34.2 -44.8 -17.3 -42.9
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** Adjusted for age, sex, years of education, physical 
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 MANOVA demonstrated that persistent depression was associated with 

an increase in cigarette consumption of nearly two per week, while no 

depressed mood was associated with a decrease per week of nearly 26 

cigarettes over a six-year period (Figure 6.1). The average decrease in 

cigarettes per week in the total – smoking – sample was 21.9 (N = 176; p 

≤.001). Analyses were adjusted for above-mentioned covariates and baseline 

cigarette consumption. In addition, an emerging depressed mood was 

associated with a nearly 45 minutes decrease in physical activity per day, while 

a remitted depressed mood was associated with a decrease of ‘only’ 17.3 

minutes in physical activity per day over a six-year period (Figure 6.2). 

Analyses were adjusted for above-mentioned covariates and baseline minutes 

of physical activity. The average decrease in minutes of physical activity per 

day in the total sample was 33.5 minutes (N = 1279; p ≤ .001). No 

multivariate analyses were performed for (change in) depression and change in 

alcohol use, for there was no continuous measure of alcohol use available.  

 

6.4 Discussion 
We studied the association between depression and lifestyle in a sample of 

Dutch late middle aged and older adults over a six-year period. We found a 

significant cross-sectional association between depression and smoking 

behavior at baseline, which was independent of chronic somatic disease status. 

Longitudinally, depression at baseline proved not to be predictive of changes in 

lifestyles later on. Although statistically non-significant, persistent depressed 

persons were at a four-fold likelihood of incident excessive alcohol use, 

compared to never depressed people. In addition, persons with an emerging 

depression were significantly more likely to concurrently adopt a sedentary 

lifestyle, irrespective of their somatic disease status, as there were no 

significant interaction effects, nor were there any confounding effects of 

chronic somatic disease status.  

The fact that we found a cross-sectional association between depression 

and smoking is in concordance with most of the literature of the past decade 

[e.g., 15, 33]. MANOVA demonstrated that persistent depressed smokers, 

compared to never depressed smokers, seem unable or are less often 

motivated to decrease cigarette consumption over a six-year period. Here,  
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longitudinal data support cross-sectional findings. One of the consequences of 

smoking is vascular disease. The association between depression and smoking 

may be one of the pathways through which depression and vascular disease 

are related. This is in support of the theory of vascular depression, in which 

there is a supposed link between cerebrovascular disease and manifestation of 

a specific subtype of depression arising in late life [e.g., 34]. 

Noteworthy is the apparent effect of depression on physical activity. 

People with an emerging depression tended to change more often to a 

sedentary lifestyle than people without a depression, while people with a 

remitted depression tended to become physically active compared to people 

without a depression (reference group). In addition, difference in change in 

minutes of physical activity is largest between the groups with emerging 

depression and remitted depression. It seems that our results and the 

literature are in line, regarding physical activity’s antidepressant effect [e.g., 

14, 35-37], but the inference of depression being a risk factor for simultaneous 

physical inactivity cannot be made on the base of our results.  

A limitation of the present study is the considerable attrition (58.8%). In 

addition, the fact that people who were lost to follow-up were more often male, 

older, and more likely to have a chronic disease, puts the generalization of the 

results at risk. However, if any, we believe that attrition would have an 

underestimating effect on our associations instead of an overestimation of 

reported associations. Moreover, Kempen and Van Sonderen [38] 

demonstrated that attrition’s effect is more disturbing for descriptive results 

than for measures of (longitudinal) association. 

Another limitation pertains to the fact that incidences of ‘quit excessive 

alcohol use’ and ‘smoking initiation’ are low, causing very small sub groups. 

Consequently, reliability of logistic regression coefficients regarding these 

variables is rather low. However, additional analyses of continuous data relieve 

that limitation regarding smoking. A last limitation pertains to the fact that 

most important results of this study were derived from cross-sectional 

analyses, or analyses of congruence of change. These analyses cannot 

disentangle the direction of association, and hence, results cannot be 

interpreted in any causal way.  
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Summarizing, one can put that, in this study depression, although not 

referring to a clinical diagnosis, but rather to clinically relevant depressive 

symptoms, is associated with smoking behavior, irrespective of chronic somatic 

disease status. In addition, persistent depression tends to be associated with 

incident excessive alcohol use. The emergence of depression shows 

congruence with changing into a sedentary lifestyle, irrespective of chronic 

somatic disease status. However, no causal relation can be demonstrated, 

since the analyses relate to simultaneous changes. Our study showed 

consistent results from different designs. Depression was associated with 

smoking behavior cross-sectionally (Logistic regression), but change in 

depression was associated with change in smoking behavior (MANOVA) as well. 

Typically, this is one of the major advantages of a longitudinal study over a 

cross-sectional one. 

We have shown that emergence of depression goes together with 

developing a sedentary lifestyle. Clearly, clinical practice can benefit from this 

line of study if further research can clarify whether treatment of depressive 

symptoms can prevent the development of sedentary lifestyles, so that both 

physical and mental health can be preserved. 
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Abstract 
The main pathway of the disablement process consists of four consecutive 
phases: Pathology (presence of disease / injury), Impairments (dysfunctions / 
structural abnormalities), Functional Limitations (restrictions in basic physical / 
mental actions), and Disability (difficulty doing Activities of Daily Life (ADL)). 
This study determines the presence of the main pathway of disablement in a 
cohort aged 55 years and older, and examines whether progression in the 
main pathway of disablement is accelerated in the presence of depression. 
Based on baseline (T1) and two three-year follow-up interviews (T2 & T3) from 
the Longitudinal Aging Study Amsterdam (LASA) in a population-based cohort 
of 1110 Dutch persons, we first analysed the intermediate effect of the 
different consecutive phases of the disablement process by means of multiple 
regression, adjusted for covariates. Then, depression was used as interaction 
term in multiple regression analyses linking the consecutive phases of the 
disablement process. We found that Impairments mediated the association 
between Pathology and Functional Limitations, and that Functional Limitations 
mediated the association between Impairments and Disability. Depression 
significantly modified the associations between Pathology and subsequent 
Impairments, and between Functional Limitations and subsequent Disability. In 
sum, the main pathway of the disablement process was identified in our 
sample. In addition, we found an accelerating effect of depression, particularly 
in the early and late stages of the model. Reduction of depression may help 
slow down the process of disablement for persons who find themselves in 
those stages of the model.  
 
Key words: disablement process, depressive symptoms, longitudinal studies. 

                                                 
* As published in Social Science & Medicine 2005; 60 (1): 25-36. 
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7.1 Introduction 

ue to the aging of the population and the fact that improvements in 

medical technology will decrease the mortality of chronic diseases among 

patients, the prevalence of late middle aged and older people with chronic 

diseases will increase dramatically (Ruwaard & Kramers, 1997; Van Eijk & De 

Haan, 1998; World Health Organization & Food and Agriculture Organization, 

2003). Although long duration is typical for chronic diseases, there are 

differences in disease course and in disease severity, as well as in the physical 

and psychosocial burden they can impose on people (Rolland, 1987; Penninx, 

1996; Kempen, Ormel, Brilman, & Relyveld, 1997). Having a chronic disease 

and additional impairments may have consequences for the physical 

performance and adequacy of social and role functioning of an individual. This 

trajectory from disease to the inability of performing certain roles can be 

viewed as the disablement process (Verbrugge & Jette, 1994). The main 

pathway of the disablement process consists of four consecutive phases: 

pathology (presence of disease) may lead to impairments (anatomic and 

structural abnormalities), which in turn may precipitate functional limitations 

(restrictions in basic physical and mental actions), which then may lead to 

disability (difficulty doing activities of daily life; cf. Figure 7.1; Verbrugge & 

Jette, 1994; Lawrence & Jette, 1996). There are risk factors, intra-individual 

factors, and extra-individual factors interacting with the main pathway during 

its entire course, potentially accelerating or slowing down the process of 

disablement. In practice, the associations between the four main phases are 

reciprocal and intertwining because of feedback loops, as, for example, 

disability may cause new, additional pathology (Verbrugge & Jette, 1994).  

Depressed medically ill patients are more likely to experience a higher 

burden of disease-specific symptoms than their non-depressed counterparts 

(Ciechanowski, Katon, & Russo, 2000). Depressive symptoms have also been 

found to predict disability (Armenian, Pratt, Gallo, & Eaton, 1998) and to 

influence functional recovery after fall-related injury in older persons (Kempen, 

Sanderman, Scaf-Klomp, & Ormel, 2003). Other evidence suggests that 

depression and disability mutually contribute to the other’s risk over time 

(Bruce, 2000; Geerlings, Beekman, Deeg, Twisk, & Van Tilburg, 2001; Ormel, 

Rijsdijk, Sullivan, van Sonderen, & Kempen, 2002). Considering the above, it  

D
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Figure 7.1: The main pathway of the disablement process and influencing factors, adapted from Verbrugge and Jette (1994).

a The phases of the main pathway of the disablement process and influencing factors are underlined; b Examples of the practical 
contents of the phases of disablement are between brackets; c The way the disablement phases were operationalised in the 
present study are in Italics; d Index diseases include chronic non-specific lung disease (CNSLD), heart disease, (peripheral) arterial 
disease, diabetes, osteo- and rheumatic arthritis.

Pathologya

(Presence of diseaseb)

-Number of index 
diseasesc,d

Risk Factors

(e.g., predisposing biological 
characteristics)

-Age, Gender, Education, 
Comorbid conditions

Intra-individual Factors

(e.g., psychosocial factors and 
internal resources)

-Depression

Extra-individual Factors

(e.g., medical care and 
rehabilitation)

Impairments

(Anatomic and structural 
abnormalities)

-Scores on symptom 
inventories of index 

diseases

Functional Limitations

(Restrictions in basic physical 
and mental actions)

-Scores on hearing, vision, 
cognitive function, self-reported 
mobility, and performance tests

Disability

(Difficulty doing 
activities of daily life)

-ADL score, and disease-
related disability score 

 
 

seems that people with chronic diseases carry a double burden when they 

experience depressive symptoms, as these may aggravate conditions (National 

Academy on an Aging Society, 2000). This can have adverse consequences for 

the course of their disablement process. 

Although the associations between depression and the separate phases 

of disablement have been studied in different samples before, either cross-

sectionally (Kempen, Verbrugge, Merrill, & Ormel, 1998; Kim, Kunik, Molinari, 

Hillman, Lalani, Orengo, et al., 2000), or longitudinally (Ormel, Vonkorff, 

Oldehinkel, Simon, Tiemens, & Ustun, 1999) to date, the association between 

depression and phases of disablement has not been studied from a longitudinal 

perspective in a population-based sample. 

Therefore, in this paper we focus on the following research objectives. 

First, can the main pathway of the disablement process be identified in a 

sample of Dutch late middle aged and older persons over a six-year period? 

And second, does depression, defined as an intra-individual factor influencing 

the main pathway, accelerate the process of disablement? In other words: are 

associations between two consecutive phases of the disablement process over 

a three-year period stronger for those who are depressed than for those who 

are not?  
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7.2 Methods 
Design and Study population 

The Longitudinal Aging Study Amsterdam (LASA) is a cohort-study on 

predictors and consequences of changes in well-being and autonomy in the 

late middle aged and older population. Sampling, data collection procedures, 

and non-response have been reported in detail elsewhere (Van den Heuvel, 

Smits, Deeg, & Beekman, 1996; Penninx, Deeg, van Eijk, Beekman, & 

Guralnik, 2000). In short, a random sample, stratified by age and gender, was 

drawn from the population registers of 11 municipalities, divided over three 

geographic regions in the Netherlands. Initially, 3107 respondents, aged 55-85 

years, were enrolled in the study. The baseline cycle took place in 1992 and 

1993 (T1). After approximately three and six years, respondents were 

approached for first (T2) and second follow-up (T3), respectively (Lan, Deeg, 

Guralnik, & Melzer, 2003). Between T1 and T3, 766 (24.6%) respondents had 

died, 288 (9.3%) could not be contacted (moved, etc.), 217 (7.0%) refused 

participation, 102 (3.3%) respondents were unable to participate due to 

cognitive or physical impairments, and 100 (3.2%) respondents were excluded 

due to terminated interviews or shortened versions of the interview, leaving 

1634 (52.6%) respondents with valid data. We then selected respondents with 

no missing values on all relevant variables to monitor intra-individual changes 

in the disablement process. The largest subsequent attrition was on the 

composite variable of functional limitations, where 298 (9.6%) respondents 

had one or more missing values. In addition, 226 (7.3%) respondents had one 

or more missing values on other relevant variables, leaving, finally, a study 

sample of 1110 (35.7%) healthy and (chronically) diseased respondents.  

 

Measurements 

In this study, the first phase of the disablement process, pathology, was 

based on number of self-reported diseases (Kriegsman, Penninx, van Eijk, 

Boeke, & Deeg, 1996), ranged from 0 to 6, and was assessed at all three data 

collection cycles. For a strict interpretation of Verbrugge & Jette‘s main 

pathway of the disablement process (1994), we only included those chronic 

diseases, hereafter called index diseases, of which a symptom inventory was 

included in the medical interview. Respondents were asked whether or not 
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they have a certain disease. The list of index diseases was summed and 

included chronic non-specific lung disease (CNSLD), heart disease, arterial 

disease, diabetes, osteo- and rheumatic arthritis. Reported diseases at 

baseline were checked with respondents’ general practitioners. Cohen’s 

Kappa’s for concordance between patient and general practitioner compared to 

non-patient and general practitioner ranged from 0.31 for osteoarthritis, and 

0.59 CNSLD, to 0.69 for heart disease, and 0.85 for diabetes (Kriegsman, 

Penninx, van Eijk, et al., 1996).  

Impairments were assessed using symptom inventories of the index 

diseases at all three data collection cycles (Kriegsman, Deeg, van Eijk, 

Penninx, & Boeke, 1997). The symptom inventory of CNSLD consisted of 8 

questions about the frequency of coughing, coughing up phlegm, wheezing, 

shortness of breath, and the quality of the respondents’ night’s rest regarding 

the disease. Scores ranged from 0 to 11, with higher scores indicating more 

CNSLD-related impairments. The symptom inventory of heart disease 

consisted of 5 questions about the frequency of chest pains, and how fast 

these pains disappear, swollen feet at getting up and going to bed, and the use 

of extra pillows at night. Scores ranged from 0 to 6, with higher scores 

indicating more heart disease-related impairments. The symptom inventory of 

arterial disease consisted of 3 questions about pain experienced when walking, 

and whether this pain disappears when stopping walking. Scores ranged from 

0 to 4, with higher scores indicating more arterial disease-related impairments. 

The symptom inventory of diabetes consisted of 6 questions about the 

frequency of chest pains, pain experienced when walking, and whether this 

pain disappears when stopping walking. Scores ranged from 0 to 8, with higher 

scores indicating more diabetes-related impairments. The combined symptom 

inventory of osteo- and rheumatoid arthritis consisted of 12 questions about 

the frequency of pain, stiffness, and swelling of joints, and the prevalence of 

arthritic symptoms in a list of joints. Scores ranged from 0 to 12, with higher 

scores indicating more arthritis-related impairments. Detailed information on 

disease-specific symptom inventories was published earlier (Kriegsman, Deeg, 

van Eijk, et al., 1997). Because the range of disease-specific symptom 

inventories was not equal across diseases, individual sum scores per symptom 

inventory were standardized using the formula in Figure 7.2. The impairments  
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Figure 7.2: Formula used to standardize variables. 

 

sum score thus ranged, theoretically, from 0 to 5, with higher scores indicating 

more impairments relating to the index diseases. 

Functional limitations were assessed at all three data collection cycles 

using information on hearing, vision (Van Sonsbeek, 1988), cognitive 

functioning (Mini Mental State Examination (MMSE); Folstein, Folstein, & 

McHugh, 1975), self-reported mobility (Van Sonsbeek, 1988), and physical 

performance tests (Magaziner, 1991). Questions regarding vision were ‘Can 

you read the fine print in a newspaper without glasses?’ and ‘Can you 

recognize someone’s face at a four meter distance without glasses?’ (yes, 

without difficulty / yes, with some difficulty / yes, with much difficulty /no, I 

cannot). Questions regarding hearing were ‘Can you understand a conversation 

between three or four persons without a hearing device?’ and ‘Can you hold a 

conversation with one person without a hearing device?’ (yes, without difficulty 

/ yes, with some difficulty / yes, with much difficulty /no, I cannot). Scores for 

hearing and vision, separately, ranged from 0 to 6, with higher scores 

indicating more difficulty seeing or hearing. Cognitive function was assessed by 

the MMSE. After linear transformation of initial sum scores, scores ranged from 

0 to 30 with higher scores indicating reduced cognitive function. Questions 

regarding self-reported mobility limitations were ‘Can you go up and down a 

flight of 15 stairs without stopping?’, and ‘Can you walk for five minutes 

outside the house?’, respectively (yes, without difficulty / yes, with some 

difficulty / yes, with much difficulty / yes, but only with help / no, I cannot). 

Scores were summed and ranged from 0 to 8, with higher scores indicating 

more limitations in self-reported mobility. Physical performance tests included 

three subtests; walking six meters, five chair stands not using arms, and 

putting on and taking off a cardigan (Penninx, Deeg, van Eijk, et al., 2000). On 

the subtests, time needed was scored according to quartiles of the time 

required in the study sample, so that the fastest quartile scored 0 and the 

Individual or raw    _  Lower limit of (theoretical) 
score on variable               score range of variable 
 

  (Theoretical) score range of variable 
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slowest quartile scored 3. Persons who were not able to perform a subtest 

scored 4 for that particular subtest. Overall functional limitations were 

computed by standardizing outcomes on vision, hearing, cognitive function, 

self-reported mobility, and performance subtests using the aforementioned 

formula in Figure 7.2, added up, and ranged from 0 to 7, with higher scores 

indicating more functional limitations. 

Disability was assessed at all three data collection cycles using items of 

two self-reported disability measurement scales. The first was a disability scale 

that was previously validated in the Netherlands (Van Sonsbeek, 1988; 

Kriegsman, Deeg, van Eijk, et al., 1997). Respondents answered questions 

about difficulties in doing activities of daily living (ADL), such as, clipping their 

own toenails, dressing, and using transportation (yes, without difficulty / yes, 

with some difficulty / yes, with much difficulty / yes, but only with help / no, I 

cannot). Sum scores ranged from 0 to 12, and higher scores indicated more 

disability. Furthermore, disability was assessed using a composite variable on 

self-report information to what extent respondents’ disease(s) or health 

problem(s) limited their daily activities (adapted from Stewart, Hays, & Ware, 

1988). Respondents answered questions about ‘Do health problems limit your 

daily activities?’ (no / yes, somewhat / yes, very much), ‘How long have health 

problems limited your daily activities?’ (more / less than three months), ‘How 

many days during the past month did you have to stay in bed due to (an) 

illness?’ and ‘How many days during the past month were you unable to do 

your daily activities due to (an) illness?’ (none / 1-3 days / 4-7 days / >1 

week, <1 month / all of the time). Scores ranged from 0 to 16 with higher 

scores indicating more disability. Both disability scores correlated 0.44 at 

baseline, and were then standardized using the aforementioned formula, added 

up, and ranged from 0 to 2, with higher scores indicating more overall 

disability.  

Depression was assessed using the Center for Epidemiologic Studies 

Depression (CES-D) scale at all three data collection cycles (Radloff, 1977). 

This 20-item self-report scale was designed for epidemiologic research 

purposes in the general population and has proven good psychometric 

qualities, for instance in the Netherlands (Beekman, van Limbeek, Deeg, 

Wouters, & van Tilburg, 1994). Scores ranged from 0 to 60, with higher scores 
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indicating more depressive symptoms. We used the CES-D’s widely accepted 

cut-off score of ≥ 16 (Kennedy, Kelman, & Thomas, 1990; Beekman, Deeg, 

van Limbeek, Braam, de Vries, & van Tilburg, 1997; Penninx, Deeg, van Eijk, 

et al., 2000) to indicate clinically significant depressive symptoms, hereafter 

called depression. 

Potentially confounding covariates are age, gender – derived from 

municipal registers –, and educational level. The latter was obtained through 

self-report, and ranged from 1 (did not finish elementary school) to 9 (finished 

university). Reported diseases that were not one of the index diseases were 

scored as comorbid conditions and ranged from 0 to 4. 

 

Statistical Analyses 

Following attrition analyses, and descriptive sample analyses, we examined 

correlations within T1, and between T1, T2, and T3 variables of the main 

pathway of the disablement process to gain insight in our suggested model.  

Subsequently, we conducted multivariate linear regression analyses on 

separate phases of the main pathway of the disablement process to establish 

identification of our model (Figure 7.3). Specifically, part of the effect of 

‘Pathology T1’ on ‘Functional Limitations T3’ is considered to go through 

‘Impairments T2’ if the main effect, defined as the standardized regression 

coefficient, of ‘Pathology T1’ on ‘Functional Limitations T3’ (transitions ‘1’ & ‘4’ 

in Figure 7.3) diminishes with at least 10%, as a rule of thumb (Baron & 

Kenny, 1986), when entering ‘Impairments T2’ in the regression model. This 

analysis is adjusted for covariates and ‘change in Pathology between T1 and 

T3’. Similarly, part of the effect of ‘Impairments T1’ on ‘Disability T3’ goes 

through ‘Functional Limitations T2’ if the standardized regression coefficient of 

‘Impairments T1’ on ‘Disability T3’ (transitions ‘3’ & ‘6’ in Figure 7.3) 

diminishes with at least 10% when entering ‘Functional Limitations T2’ in the 

regression model. This regression analysis is adjusted for covariates and 

‘change in Impairments between T1 and T3’.  

Verbrugge and Jette (1994) defined depression as an intra-individual 

factor influencing the main pathway. In order to test this assumption, we 

conducted multivariate linear regression analyses to examine the influence of 
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depression on associations between two consecutive phases in the disablement

process. We wanted to rule out the advanced effects of depression and the

independent variable on the dependent variable by including their change

scores between two consecutive phases in the regression model. Thus, in

regression analysis with ‘Impairments T2’ as dependent variable and

‘Pathology T1’ as independent variable, we adjusted for covariates and ‘change

in Pathology between T1 and T2’, and ‘change in depression between T1 and

T2’. Also, we entered ‘depression T1’ and the product term ‘depression T1 

Pathology T1’. If this product term proves statistically significant, the

association between Pathology T1 and Impairments T2 is different for

depressed respondents at baseline compared to non-depressed respondents at

baseline. We examined this for all consecutive phases of the main pathway of

the disablement process (transitions ‘1’ through ‘6’ in Figure 7.3). The

unstandardized regression coefficients of the significant interaction terms were

explored in detail, in order to compare transitions with similar variables. The

variance inflation factor (VIF) was used to measure collinearity in all regression

models.

a Transitions (1) through (6) correspond with sequence of analyses of model identification, and analyses of interaction.

Functional
Limitations T1

Functional
Limitations T2

Pathology T1 Pathology T2 Pathology T3

Impairments T1 Impairments T2 Impairments T3

Disability T1 Disability T2 Disability T3

Self-reported index diseases
(Statistics Netherlands, 1989)

Standardized symptom inventories
of index diseases (Kriegsman, Deeg, van
Eijk, Penninx, & Boeke, 1997)

Cognitive Limitations (MMSE)
(Folstein, Folstein, & McHugh, 1975)

Hearing Limitations
(Van Sonsbeek, 1988)

Visual Limitations
(Van Sonsbeek, 1988)

Physical performance
limitations (Magaziner, 1991)

ADL Disability
(Van Sonsbeek, 1988)

Disease-related disability
(Stewart, Hays, & W are, 1988)

Functional
Limitations T3

Figure 7.3: Model for the analyses of the main pathway of the disablement process.
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7.3 Results 
Analyses of attrition demonstrated that respondents who were lost to follow-up 

were, at baseline, significantly older, and had more pathology, more 

impairments, more functional limitations, were more disabled, and were more 

depressed than the respondents included in the analytic sample (data not 

shown). Table 7.1 shows baseline characteristics of the study sample stratified 

by depressed mood status.  

Correlation coefficients within T1 variables of the main pathway of the 

disablement process were for ‘Pathology’: 0.77 with ‘Impairments’, 0.21 with 

‘Functional Limitations’, and 0.34 with ‘Disability’. Correlation coefficients for 

‘Impairments’ were: 0.20 with ‘Functional Limitations’, and 0.40 with 

‘Disability’. Finally, the correlation coefficient for ‘Functional Limitations’ with 

‘Disability’ was 0.35 (all p’s < 0.001).  

Table 7.2 shows the correlation coefficient matrix between T1 and T2, T2 

and T3, and T1 and T3 variables of the main pathway of the disablement 

process. Correlations between same disablement phases at different data 

collection cycles were all positive and statistically significant (all p’s < 0.001) 

and ranged from 0.86 for ‘Pathology T1’ and ‘Pathology T2’ to 0.53 for 

‘Disability T1’ and ‘Disability T2’. Correlations between different, but 

consecutive, disablement phases at consecutive data collection cycles were all 

positive and statistically significant (all p’s < 0.001) and ranged from 0.66 

Table 7.1: Baseline sample characteristics, stratified by non-depressed and depressed respondents at T1. 

Characteristic % of sample, or M (SD)  at baseline. 

Non-depressed a Depressed
Respondents Respondents
(N = 1025, 92.3%) (N = 85; 7.7%

-Age (range 55-85) 66.5 (7.4) 67.8 (8.5)
-Genderb 50.0% 65.9%*
-Educationc 57.6% 55.6%
-Comorbid Conditions (range 0-4) 0.4 (0.7) 0.8 (0.8)**
-CES-D score (range 0-60) 4.8 (4.1) 21.8 (6.9)**
-Pathology (range 0-6) 0.6 (0.7) 0.8 (1.0)*
-Impairments (range 0-5) 0.15 (0.27) 0.37 (0.53)**
-Functional Limitations (range 0-6) 1.49 (0.67) 1.65 (0.77)†

-Disability (range 0-2) 0.13 (0.23) 0.33 (0.37)**
a Non-depressed respondents have CES-D scores ≤ 15 & CES-D scores ≥ 16 indicate depressed respondents; 
b % female; c % elementary through lower vocational education; ** P < .001; * P < .01; † P < .05.
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between ‘Pathology T2’ and ‘Impairments T3’ to 0.22 between ‘Impairments 

T2’ and ‘Functional Limitations T3’. 

 Results of identification of our model of the disablement process are 

shown in Table 7.3, demonstrating, respectively, multiple linear regression 

analyses summaries of the association between ‘Pathology T1’ and ‘Functional 

Limitations T3’, and between ‘Impairments T1’ and ‘Disability T3’. After 

inclusion of ‘Impairments T2’ in the regression model (model 1-4), the main 

effect of ‘Pathology T1’ on ‘Functional Limitations T3’ decreased 53.1% (see 

footnote Table 7.3). After inclusion of ‘Functional Limitations T2’ in the 

regression model (model 2-4), the main effect of ‘Impairments T1’ on 

‘Disability T3’ decreased 13.4% (see footnote Table 7.3). We consider this to 

be significant. 

 Significance levels of interaction terms between depression and 

disablement phase in their relation to two consecutive phases of disablement, 

and the unstandardized beta regression coefficients for non-depressed and 

depressed respondents are presented in Table 7.4 and 7.5, respectively. If an 

interaction term for a transition is statistically significant (p < 0.05), this 

indicates that the association between two consecutive phases of the 

disablement process is modified by depression (Table 7.4). In what way is 

revealed by stratified analyses (Table 7.5). Transitions ‘1’, ‘2’, ‘5’, and ‘6’ 

proved to be significantly modified by their interaction terms with depression.  

Table 7.2: Pearson correlation coefficient matrix between selected outcomevariables (N = 1110).

T2  T3       

Pathology Impairments Functional Disability Pathology Impairments Functional Disability
Limitations Limitations

Pathology 0.86a 0.63 0.22 0.32 0.69 0.57 0.16 0.31

Impairments 0.70 0.72 0.20 0.39 0.58 0.66 0.14 0.35
T1

Funct. Lim. 0.18 0.16 0.59 0.29 0.16 0.19 0.58 0.29

Disability 0.39 0.44 0.33 0.55 0.35 0.38 0.28 0.50

Pathology 0.83 0.69 0.23 0.39

Impairments 0.66 0.79 0.23 0.45
T2

Funct. Lim. 0.19 0.17 0.65 0.36

Disability 0.37 0.43 0.38 0.64

a All correlations coefficients were statistically significant at the P < .001 level.
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Transitions ‘3’ and ‘4’ turned out not to be modified significantly by their 

interaction terms with depression.  

The significant interaction terms regarding the effect of ‘Pathology T1’ on 

‘Impairments T2‘, and ‘Pathology T2’ on ‘Impairments T3‘ indicate that the 

impact of pathology on impairments is different for non-depressed respondents 

compared to their depressed counterparts. Analogously, the significant 

interaction terms regarding the effect of ‘Functional Limitations T1’ on 

‘Disability T2’, and ‘Functional Limitations T2’ on ‘Disability T3’ indicate that the 

impact of functional limitations on disability is different for non-depressed 

respondents compared to their depressed counterparts.  

Table 7.5 shows that depressed respondents had higher unstandardized 

beta regression coefficients on these significant associations compared to their  

Table 7.3: Stepwise multiple linear standardized regression analyses summaries with dependent variables 
Functional Limitations T3 and Disability T3, respectively (N = 1110).

Model Predictors Standardized Beta Model Predictors Standardized Beta
Coefficients Coefficients

1 Age 0.453** 1 Age 0.292**
Gender -0.034 Gender 0.073†

Education -0.139** Education -0.043
Comorbid Conditions 0.102** Comorbid Conditions 0.172**

2 Age 0.443** 2 Age 0.245**
Gender -0.039 Gender 0.044
Education -0.137** Education -0.014
Comorbid Conditions 0.095** Comorbid Conditions 0.130**
Pathology T1 0.099** Impairments T1 0.311**

3 Age 0.437** 3 Age 0.392†
Gender -0.041 Gender 0.020
Education -0.135** Education -0.139**
Comorbid Conditions 0.092** Comorbid Conditions 0.112**
Pathology T1 0.107**b Impairments T1 0.395** c

∆a Pathology T3-T1 0.061† ∆a Impairments T3-T1 0.327**

4 Age 0.439** 4 Age 0.162**
Gender -0.049 Gender 0.013
Education -0.133** Education 0.017
Comorbid Conditions 0.087* Comorbid Conditions 0.106**
Pathology T1 0.057b Impairments T1 0.358** c

∆a Pathology T3-T1 0.033 ∆a Impairments T3-T1 0.310**
Impairments T2 0.076† Functional Limitations T2 0.202**

a ∆ Indicates a change score (new score minus old score); b After controlling for covariates, and after inclusion of the suspected 
intermediate variable – Impairments T2 –, the standardized Beta Pathology T1 diminished 46.7% (((0.107 - 0.057) / 0.107) x 
100%); c After controlling for covariates, and after inclusion of the suspected intermediate variable – Functional Limitations T2 –
the standardized Beta Impairments T1 diminished 9.4% ( ((0.395 - 0.358) / 0.395) x 100% ); ** P < .001; * P < .01; 
† P < .05; †† P < .10.
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non- depressed counterparts. Although the difference in unstandardized beta 

regression regression coefficients between ‘Pathology T1’ and ‘Impairments T2’ 

was statistically significant, it was very small (transition ‘1’ in Figure 7.3). The 

most striking discrepancy in unstandardized beta regression coefficients was 

found in the association between ‘Functional Limitations T1’ and ‘Disability T2’ 

(transition ‘5’ in Figure 7.3). For depressed respondents Functional limitations 

at T1 lead to almost twice as much Disability at T2 than Functional Limitations 

lead to disability for non-depressed respondents (unstandardized beta 

regression coefficients, respectively, 0.236 and 0.121). The variance inflation 

factor (VIF) was used to measure collinearity in all regression models. The 

highest VIF was 2.65 and therefore much lower than 10.0, and can be 

considered acceptable (Kleinbaum, Kupper, Muller, 1988). 

 

Table 7.4: Statistical significancea of the interaction terms: ‘depression X disablement phase’ (N = 1110).

Transitionb Independent Variable Outcome Variable Interaction term Significance of 
Interaction (P)

1 Pathology T1 Impairments T2 Pathology T1 Χ Depression T1 .04 

2 Pathology T2 Impairments T3 Pathology T2 Χ Depression T2 <.001

3 Impairments T1 Functional Limitations T2 Impairments T1 Χ Depression T1 .57 (n.s.)c 

4 Impairments T2 Functional Limitations T3 Impairments T2 Χ Depression T2 .52 (n.s.)

5 Functional Limitations T1 Disability T2 Functional Limitations T1 Χ Depression T1 .002

6 Functional Limitations T2 Disability T3 Functional Limitations T2 Χ Depression T2 <.001

a Controlled for age, gender, educational level, comorbid conditions, depression T1 or T2, depression change score T2 minus T1, or T3 minus 
T2, Independent Variable change score T2 minus T1, or T3 minus T2; b Transitions (1) through (6) are to be found in Figure 2; c (n.s.) = 
statistically not significant.

Table 7.5: Unstandardized beta regression coefficientsa of disablement phases on subsequent outcome variables, stratified by 
non-depressed and depressed respondents (N = 1110).

Unstandardized Beta Coefficient ( P )

Non-depressed Depressed
Transitionb Independent Variable Outcome Variable Respondents Respondents

1 Pathology T1c Impairments T2 0.238 (p  < .001) 0.249 (p  < .001)

2 Pathology T2d Impairments T3 0.260 (p  < .001) 0.345 (p  < .001)

5 Functional Limitations T1 Disability T2 0.117 (p  < .001) 0.269 (p  < .001)

6 Functional Limitations T2 Disability T3 0.141 (p  < .001) 0.295 (p  < .001)

a Controlled for age, gender, educational level, comorbid conditions, Independent Variable change score T2 minus T1, or T3 minus T2, and  
stratified by depressed mood status; b Transitions (1) through (6) are to be found in Figure 2; c At T1 N non-depressed respondents with CES-D 
scores ≤ 15 = 1025 & N depressed respondents CES-D scores ≥ 16 = 85; d At T2 N non-depressed respondents with CES-D scores ≤ 15 =  
1004 & N depressed respondents CES-D scores ≥ 16 = 106.
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7.4 Discussion 
This paper aimed 1) to identify the main pathway of the disablement process in 

a sample of Dutch late middle aged and older persons over a 6-year period, 

and 2) to examine whether depression accelerates the process of disablement 

(i.e. whether associations between two consecutive phases of the disablement 

process are stronger for those who are depressed than for those who are not). 

First, we found empirical evidence for the identification of the main 

pathway of the disablement process in our sample of Dutch late middle-aged 

and older persons. Associations between all disablement phases were positive 

and statistically significant, and the impact of prior disablement process 

variables decreased when the impact of intermediate phases were taken into 

account. Second, four of the six associations we examined in the main pathway 

were modified by depression, in the expected way. More specific, associations 

in the early and late phases of the process of disablement were modified by 

depression. This indicates acceleration in those transitions of the disablement 

process, at least partly, due to pre-existing depression.  

Few other studies have used the disablement process to attain a 

comprehensive view on the course of a specific disease, e.g. arthritis 

(Guccione, 1994; Escalante & Del Rincon, 2002), and pulmonary disease 

(Jette, Manago, Medved, Nickerson, Warzycha, & Bourgeois, 1997). Generic, 

middle-aged and older adult population-based, longitudinal studies that 

consider the disablement process as a whole in their study are even more 

sparse (Femia, Zarit, & Johansson, 2001; Peek, Ottenbacher, Markides, & 

Ostir, 2003); those involving depression as well are, to our knowledge, lacking. 

Femia, Zarit, & Johansson (2001) and Peek, Ottenbacher, Markides, & Ostir 

(2003), however, found that the disablement process main pathway could be 

identified in a cross-sectional sample of the oldest-old Swedes, and in a 

longitudinal sample of the EPESE among older Mexican American adults, 

respectively. Moreover, both studies suggested that psychosocial experiences 

could greatly affect the disability experience. We found longitudinal support for 

their suggestion in the case of depression: the modifications by depression of 

the associations that we found, indicate acceleration in transitions of the 

disablement process due to pre-existing depression. The differences in effect 

between non-depressed and depressed persons, when transitions either from 
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pathology to impairments, or from functional limitations to disability were 

analyzed, suggest that depression seems particularly at work in the early and 

late phases of the disablement process. The transition from impairments to 

functional limitations, however, was not significantly modified by depression. 

This can be due to the fact that, in our study with a heterogeneous sample, 

this is a transition from the disease-related construct of impairments, 

measured with disease-specific symptom inventories, to the more generic 

construct of functional limitations, measured with several generic instruments. 

Studies that use a more homogeneous sample, e.g. only participants with 

pulmonary disease (Jette, Manago, Medved, et al., 1997) in combination with 

the use of disease-specific instruments to assess functional limitations, may be 

more likely to find evidence of modification of the transition from impairments 

to functional limitations by depression.  

In specific medical conditions, such as diabetes and heart diseases, 

depressive comorbidity is a predictor of worse course and outcome of those 

diseases (Depression Guideline Panel, 1993). How does this interaction have 

its effect on impairments? First, there could be a biological explanation. 

Inflammatory serum markers, such as C-reactive protein (CRP), and cytokine 

interleukin-6 (IL-6), were found to be elevated in depressed respondents 

compared to their non-depressed counterparts (Tiemeier, Hofman, van Tuijl, 

Kiliaan, Meijer, & Breteler, 2003). Chronically elevated inflammatory serum 

markers are believed to negatively influence the course of a wide array of 

diseases, e.g., Alzheimer or substantial cognitive decline (Yaffe, Lindquist, 

Penninx, Simonsick, Pahor, Kritchevsky, et al., 2003), anemia (Tilg, Ulmer, 

Kaser, & Weiss, 2001), arthritis (Wong, Toh, Wilson, Rowley, Karschimkus, 

Prior, et al., 2003), cancer (Repetto, Venturino, Fratino, Serraino, Troisi, 

Gianni, et al., 2003), heart disease (Stone, Mendall, Kaski, Edger, Risley, 

Poloniecki, et al., 2002), and lung disease (Mannino, Ford, & Redd, 2003). The 

differential effect of pathology on impairments that we found for depressed 

respondents compared to their non-depressed counterparts may thus be a 

clinical manifestation of depression on the immunological level.  

A second explanation for the stronger effect of pathology on impairments 

that we found for depressed respondents compared to their non-depressed 

counterparts may be that depressed physically ill respondents may suffer more 
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from feelings of hopelessness, or be more pessimistic than non-depressed 

physically ill respondents that their physical symptoms will be effectively 

treated and, therefore, not report their physical symptoms to their GP’s (cf. 

Schubert, Yokley, Sloan, & Gottesman, 1995). These authors also suggest that 

depression may delay identification, treatment, and rehabilitation of coexisting 

physical illness, when the conditions are coincidental, thereby causing a 

discrepancy in impairments between depressed physically ill and non-

depressed physically ill respondents. In addition, depressed physically ill 

respondents may be less likely to comply with their medical regimen (Carney, 

Freedland, Eisen, Rich, & Jaffe, 1995; Ciechanowski, Katon, & Russo, 2000), 

and less likely to adopt a healthy lifestyle (van Gool, Kempen, Penninx, Deeg, 

Beekman, & van Eijk, 2003) compared to their non-depressed counterparts, 

thereby delaying treatment and rehabilitation as well. This also can lead to a 

discrepancy in impairments between depressed physically ill and non-

depressed physically ill respondents. 

The stronger effect of functional limitations on disability that we found 

for depressed respondents compared to their non-depressed counterparts may 

be a motivational manifestation of depression: depressed and functionally 

limited respondents may be less able or motivated to (try to) maintain a 

certain level of ability. Lamb (1996) found cross-sectional evidence for 

respondents with this frail profile of both depression and functional limitations 

to be more disabled than respondents with only a depressed profile, or 

respondents with only a functionally limited profile. Kempen, Steverink, Ormel, 

and Deeg (1996) found that depressed older adults scored lower on self-

reported functional limitations than could be expected on the basis of 

performance-based functional limitations. Due to our use of a composite 

variable for functional limitations, composed of self-reported and performance-

based measures of functional limitations, in our study this overestimation 

should be moderate. Moreover, does inaccurate self-estimation on functional 

limitations make the estimation any less valid for the depressed respondent 

itself? 

Our study suffers from attrition during six years, much of which is 

caused by mortality. Only relatively healthy participants survived. Study 

dropouts were older, were more diseased, had more impairments and 
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limitations, were more disabled and depressed. This could cause an 

underestimation of true interaction effects that we found between disablement 

phases and depression. Kempen & Van Sonderen (2002), however, take the 

view that, although attrition may be responsible for inaccurate estimations of 

descriptive measures, attrition has less influence on measures of association. 

Another limitation pertains to our use of composite variables in each stage of 

the disablement process, instead of multiple separate variables. The latter 

approach would have conserved information contained in the separate 

variables, and would allow for better interpretation of the separate variables. 

However, this approach is beyond the scope of the paper, as it would obscure 

the comprehensiveness of our conceptual model. 

Implications of our study are twofold. First, identification of the process 

of disablement could be regarded as an indication that the model can be used 

in future studies among population-based age groups similar to ours, to 

replicate our findings. Second, our results regarding the interactions between 

transitions of the main pathway of the disablement process and depression can 

be interpreted as an indication that prevention or treatment of depression can 

slow down the process of disablement, specifically transitions from pathology 

to impairments and from functional limitations to disability. Partial support for 

this interpretation comes from Von Korff, Ormel, Katon, & Lin (1992), who 

report significant reductions in ADL disability scores in persons whose 

depression improved significantly, compared to non-significant reductions in 

ADL disability scores in persons whose depression did not, or did only 

moderately improve after 12 months.  

Lastly, with our study results we hope to have contributed to the ongoing 

discussion (Charney , Reynolds, Lewis, Lebowitz, Sunderland, Alexopoulos, et 

al., 2003) regarding the consequences of late life mood disorders and the need 

to improve diagnosis and treatment of persons afflicted by those mood 

disorders. 
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his dissertation examined several reciprocal associations between 

depression, health behavior, and the course of chronic disease, mainly 

among late middle aged and older persons, utilizing data from three different 

studies in the Netherlands and the United States. Following a brief synopsis of 

the main findings and conclusions of our study, the results are put in 

perspective, and some considerations regarding measurement instruments and 

research methodology used in this study are addressed. Finally, implications 

for public health and future research are outlined.    

 

8.1 Main findings and conclusions 

The research questions of our study can be summarized in the conceptual 

model that was presented in the introductory chapter (1). We will discuss our 

main findings using the arrows within this model (Figure 8.1). 

 

Determinants of regimen adherence to diet and exercise interventions 

(Arrows 2) 

In an exploration using demographic, health-related, and psychosocial 

information, we wanted to identify determinants of adherence to a diet and 

exercise regimen. Over the 18-month duration of the diet and exercise 

intervention study among at least overweight knee osteoarthritis patients aged 

≥60 years, predictors of adherence to both interventions appeared not to be 

associated with physical or mental health. For both interventions, high initial 

T

 

 

 

 

 

 

 

Note: The numbered arrows in the figure refer to the different chapters in this dissertation 
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attendance to intervention sessions predicted intervention session attendance 

thereafter, indicating that persistence or motivation of persons seems to be 

crucial here. In addition, giving people a choice of where to do their exercise 

(either at home or at a research facility) and stimulating early intervention 

session attendance can be effective in improving long-term attendance to both 

interventions. 

 

Associations between regimen adherence and physical function and 

disability (Arrow 3) 

In overweight or obese patients with knee osteoarthritis (OA), higher exercise 

adherence – the extent to which persons attend intervention sessions and 

reported to have exercised at home – was found to be associated with greater 

improvements in physical function and in disability, though the latter to a 

lesser extent. Changes in the potentially explanatory variables pain and BMI 

modified these associations to some extent. Promoting adherence is clinically 

important when prescribing exercise regimen to overweight and obese older 

adults with knee OA. These regimens could also focus on decrease in pain and 

BMI. 

 

Chronic disease and lifestyle changes (Arrow 4)  

We examined prevalences of unhealthy lifestyles – smoking, excessive alcohol 

use, and being sedentary – and found that lifestyles varied over a six-year 

period and across chronic disease categories. Proportions of older persons who 

smoked decreased, while proportions of respondents with sedentary lifestyles 

increased. Older persons with incident cardiovascular disease were more likely 

to change lifestyles than persons in other chronic disease groups. Those 

persons who made healthy lifestyle changes – from unhealthy to healthy 

behavior – did not differ in experienced disease burden from those who 

persisted in their unhealthy behavior within chronic disease groups. Knowing 

whether (and why) a specific group of patients is inclined more than others to 

make healthy lifestyle changes might be important. This can be used to target 

health promotion strategies more effectively and enhance the effectiveness of 

self-management programs that aim at coping with chronic diseases. 
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Ultimately, chronic disease  groups who do not initiate more healthy lifestyles 

might be reached for intervention. 

 

Associations between lifestyle and depressed mood (Arrow 5) 

Excessive alcohol use predicted subsequent depressed mood, and >30 minutes 

of physical exercise per day predicted subsequent absence of depressed mood. 

Not being overweight for a longer period of time was predictive of subsequent 

absence of depressed mood. Adopting healthy lifestyles could be a way to 

‘break the negative cycle’ and might be a starting point to prevent or to deal 

with depressed mood over time. 

 

Associations between depressed mood and lifestyle (Arrow 6) 

We examined whether symptoms of depression were associated with unhealthy 

lifestyles – smoking, excessive alcohol use, and being sedentary – and found 

that depressed persons were more likely to be smokers. A persistent 

depression was associated with an increase in cigarette consumption. Having 

an emerging depression was most likely to co-occur with persons becoming 

sedentary, and was associated with the largest decrease in minutes of physical 

activity per day. This effect was not modified or confounded by having chronic 

somatic disease. A persistent depression tended to be associated with incident 

excessive alcohol use. It should be clarified whether or not treatment of 

symptoms of depression can prevent the development of sedentary lifestyles. 

 

The process of disablement and depression (Arrow 7) 

We examined the main pathway of the disablement process - which was 

hypothesized  to consist of four consecutive phases: pathology, impairments, 

functional limitations, and disability – and how depression affects this pathway. 

We found that impairments mediated the association between pathology and 

functional limitations, and that functional limitations mediated the association 

between impairments and disability, both in a time-dependent way, so that the 

main pathway of the disablement process could be identified in our study. In 

addition, we found an accelerating effect of depression, particularly in the early 

and late stages of the model. Reduction of depression may help slow down the 
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process of disablement for persons who find themselves in particularly those 

stages of the model.  

 

Conclusions 

Transcending the findings of the separate studies, we can conclude that the 

course of chronic disease is accelerated under the presence of depression. 

However, we found that the disease’s negative consequences on daily 

functioning can be restricted, as our study in patients with knee osteoarthritis 

demonstrated. Furthermore, for specific chronic diseases, the course of disease 

is associated differentially with lifestyle, and lifestyle changes. Healthy lifestyle 

changes, however, appeared not to be related with a relief of experienced 

disease burden. Other factors may be at work here.  

When living a healthy lifestyle, the risk of a depression is relatively low. Still, 

should a depression emerge, a shift is likely to happen from being physically 

active to being sedentary. And when being persistently depressed, the risk of 

living unhealthy lifestyles is more prominent. In sum, in our study we found 

clear indications for an interrelationship between the concepts of course of 

chronic disease, depression, and health behavior among older persons. 

 

8.2 The prevalence of our key variables in perspective to 

other studies 
In order to put our findings in perspective, we briefly compare several 

prevalence figures from our findings with each other and with prevalence 

estimates of Statistics Netherlands (chapter 1;[1]). 

 
Chronic conditions 

We tabulated the most prominent findings and ranked the studies beginning 

with the youngest, and probably healthiest sample (MAAS; 24 through 81 

years), and ending with the sample assumed to be least healthy (ADAPT; 60 

years and older plus all respondents were at least overweight and had knee 

OA; Table 8.1). As the study samples get older and ‘unhealthier’, the 

prevalence of heart disease increases – although different definitions of heart 

disease have been used – as does the prevalence of lung disease, and the 

proportion of respondents reporting 2 or more chronic conditions increases. 
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The prevalence of musculoskeletal disorders among respondents in the ADAPT 

study was set to 100% as radiographic evidence of having knee OA was a 

study inclusion criterion. 

 
Table 8.1: Comparison of prevalence figures (percentages) of several chronic conditions 

across studies  

Study     MAAS1  CBS2  LASA3            ADAPT4 

     n=1186 n=10110 n=2184 n=206 

Age  <55   62.9  0  0  0 

  55-65   19.4  44.8  24.4  37.4 

  65-75   14.7  33.5  36.5  46.3 

  75+   3.0  21.8  39.1  16.3 

Gender Male   52.3  48.2  48.9  26.1 

  Female  47.7  51.8  51.1  73.9 

Lung disease    N.A.5  9.0  12.0  15.4 

Heart disease    N.A.  9.6  29.2  64.6 

Diabetes    N.A.  7.1  7.8  9.9 

Musculo-skeletal disease(s)  N.A.  36.1  36.8  100 

≥ 2 chronic conditions  32.8  35.5  42.8  49.36 
 
 1 Based on figures from chapter 5 (n=1186); 2 Based on estimates from Statistics Netherlands (chapter 1; [1]); 3 
Based on figures from chapter 4; 4 Based on figures from chapter 2; 5 Not available; 6 Besides knee osteoarthritis.  

 

Depression 

Although termed differently across our studies, respondents with scores ≥ 16 

on the CES-Depression scale were considered to have clinically relevant levels 

of depressive symptomatology. In chapter 5 we found that 14.3% of the study 

sample (n=1186) of MAAS was depressed. In chapter 6 we were able to follow-

up on depression in a sample of LASA over a six-year period (n=1280). 

Proportion of depressed respondents increased from 13.8% at baseline to 

20.3% at follow-up. These prevalences appeared to be in line with findings in a 

review of the literature on community prevalence of depression in later life [2], 

in which an averaged prevalence of all depressive syndromes deemed clinically 

relevant was found of 13.3%. However, this averaged prevalence was 
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calculated from the results of 28 community-based studies examining the 

prevalence of all depressive syndromes deemed clinically relevant among 

persons 55 years and older. These prevalences varied greatly: from 2.8% in 

Japan, to 35.0% in Hong Kong. In a study in which several European study 

centers collaborated to examine the extent of geographical variation in 

depression prevalences, using the same standardized assessment method 

(GMS-AGECAT), a ‘European’ depression prevalence was estimated at 12.3%, 

with extreme prevalences of 8.8% in Iceland and 23.6% in Munich, Germany. 

These large differences across countries could be due to differences in religion, 

and urbanization, but not to differences in age [3].  

 The prevalences of 13.8% and 20.3% in chapter 6 are based on a cut-off 

score  of 16 on depressive symptomatology measured by the CES-D [4]. Major 

depressive disorder (MDD), dysthymic disorder (DD), and subtreshold 

depressive disorders are included in this cut-off value. While the prevalence of 

MDD tends to decrease with age, the prevalence of other depressive disorders 

is more likely to increase [2]. So the apparent increase in prevalence could be 

due to selective survivorship (those with severe depression are less likely to 

grow old), an increase in the incidence of comorbid depressive 

symptomatology that goes with the increased risk of physical illness as people 

age (heart disease, dementia [4]), and/or the occurrence of life events.  

 As mentioned in chapter 7, depression and disability contribute to the 

risk of each other over time [5-7]. This could be explained by an overlap in 

somatic symptoms or concomitants of both concepts, such as decreased 

muscle mass. An underlying physical system failure, however, may at the basis 

of this overlap, causing both depression and disability.      

 

Smoking behavior 

In 2001, The Netherlands counted almost 16 million inhabitants; nearly 3.8 

million of them (23.7%) were 55 years or older. This last group was estimated 

to contain 22.8% smokers [1]. In our MAAS study sample (chapter 5) 26.6% 

smoked, which decreased after six years to 21.9% (17.7% decrease). In our 

LASA study sample, 20.9% smoked and decreased after six years to 17.0% 

(18.7% decrease). The percentage of respondents who smoked in the MAAS 

study sample is somewhat higher than the Statistics Netherlands estimate and 
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the LASA study. This may be due to a lower averaged age (49.0), as well as a 

wider age range (24-81) in the MAAS study. In general, the percentage of 

respondents who smoke decreases with age [8].  

 

Alcohol use 

Statistics Netherlands estimated that the averaged number of alcoholic drinks 

in the Dutch older population ranges from 9.6 drinks per week among 55-64 

year-olds to 6.0 among 75 year-olds and older [1]. In chapter 5 we found that 

respondents from our sample from the MAAS study (n=1186) consumed 

approximately 6.1 alcoholic consumptions per week, which remained relatively 

stable with 6.2 alcoholic consumptions after six years. In chapter 4 we found 

that respondents from the LASA study (n=2184) consumed 7.1 alcoholic 

consumptions per week on average.  

 Excessive alcohol use is termed differently internationally. Statistics 

Netherlands [1] used the same definition as we did: three or more alcoholic 

consumptions per day on average. Statistics Netherlands estimated that 

approximately 8% of all adults and 10.4% of the persons aged 55 years or 

older use alcohol excessively. From the MAAS study we learned that 6.7% 

used alcohol excessively, which increased to 8.2% after six years, among 24 to 

81-year olds. Our LASA study in chapter 6 shows that 4.1% of the respondents 

(n=1280) drinks three or more alcoholic drinks per day on average. However, 

as this may have been quite a selective group of respondents (selective 

survivorship), their lifestyles might have been healthier than the lifestyles of 

those in the entire sample or in the population.  

 

Physical activity 

Statistics Netherlands estimates that the number of minutes physical exercise 

ranges from approximately 13 among 55 to 64 year-olds to less than 5 

minutes among 75 year-olds and older [1]. Only sportive activities were taken 

into account, however. In chapter 5 the averaged number of minutes of 

physical exercise per day initially was 18.3. This decreased after six years to 

10.6. However, this study sample was somewhat younger than the group of 

reference from the study from Statistics Netherlands. Respondents were 

considered having a sedentary lifestyle when their number of minutes of 
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physical activity (this comprised not only all sportive activities, but light and 

heavy household chores as well) was in the lowest quartile of the baseline 

study sample. In chapter 4 we found that 25.0% of our initial sample 

(n=2184) was physically active for less than 86 minutes per day on average. 

Hereafter, we followed-up on a study subsample (n=1167) for six years and 

found that 20.6% was sedentary at the beginning, and 29.5% after six years. 

Among another, differently selected sample from the same study (LASA; 

chapter 6) we found that 25.5% of 1280 respondents were physically active for 

less than 84 minutes on average per day at study baseline. After six years this 

percentage increased to 35.2%. Statistics Netherlands estimated that, in 2001, 

approximately 37.5% of all persons aged 55 and older did not conform to the 

recommendation of being (moderately intense) physically active for at least 

150 minutes per week. Having a chronic condition does not automatically 

mean that the recommendation can not be met (chapter 4), as several of the 

chronic disease categories score above the recommendation, with respect to 

physical activity.  

 

Body Mass Index (BMI) 

Statistics Netherlands, as well as numerous other institutions, defines 

overweightness as having a BMI, or Quetelet index, of ≥ 25 [1,5]. It is 

estimated that among 55 year old and older people, 54.9% are at least 

overweight [1]. These percentages increase with age until approximately 70 

years, and decrease thereafter [8]. However, another study showed that these 

overweight cut-off levels are somewhat unreliable, as respondents who 

fluctuate in bodyweight may be unjustly categorized as overweight [9]. 

Therefore, the ADAPT study as well as the MAAS study utilized more strict 

overweight cut-off levels – i.e. ≥ 28, and ≥ 27.3 for women and ≥ 27.8 for 

men, respectively. According to our more conservative measure of being 

overweight, 33% of our MAAS study sample (n=1186) was overweight at 

study initiation. After six years 39.7% was overweight. In absolute numbers, 

the MAAS study sample’s BMI increased from an averaged 26.5 at baseline to 

27.0 after six years, among 24 to 81 year old respondents. Statistics 

Netherlands estimated that the BMI of the general population increased from 

24.9 in 2000 to 25.1 after three years, among 20 to 70 year old people [1]. 



 

 138

8 
8.3 Validity of the study 
By discussing the extent to which potential threats to the internal and external 

validity apply to our study, we evaluate the adequacy of the overall research 

design of our study and of the adjustments we made to avoid potential bias in 

our study.  

 

Threats to internal validity  

Internal validity of a study refers to the extent to which the study findings 

actually apply to the study respondents [10], or ‘did we use the correct study 

design?’. Grossly, threats to the internal validity of our study can lead to over- 

or underestimation of effects or associations, or to a switch in effect 

parameters, and can be categorized into instrumentation bias, selection bias, 

and confounding [10]. 

 

Instrumentation bias 

In general, research using self-reported measurements is cheap, easy to 

administer, and is not bothered by, for example, inter-rater variability. 

Downside of self- reported measurements can be the risk of acquiescence, 

inaccurate recollection, and answers to questions being socially desirable. 

These distortions of effect sizes due to erroneous measurement of variables 

can lead to information bias. 

 In chapter 5, 37.4% of the respondents from the MAAS study (n=1186) 

reported at follow-up to have never smoked. However, cross-tabulating these 

data with baseline findings showed that 38 of these respondents reported to 

have smoked formerly and 1 respondent reported to have been a current 

smoker at baseline. Perhaps due to (some of) the earlier mentioned risks, 

approximately 39 persons were either mistaken at baseline or at follow-up, or 

both! In the other two categories of the smoking behavior variable a similar 

process of misclassification may have occurred. However, this may not emerge 

from the data as evident as the increased percentage of persons who reported 

never to have smoked. Whether or not this misclassification in the smoking 

behavior variable was random is difficult to determine, but it may have been a 

source of information bias.  
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 A final source of information bias when using self-reported 

instrumentation is the possibility that the state a person is in, influences the 

rating of a person on other variables, also called reactivity. The state a person 

is in, is susceptible to fluctuation and can be misleading, as it can be mistaken 

for a trait, which is a more stable characteristic of persons. Often, it is this 

stable trait that researchers are looking for, and not the state a person is in. 

For example, persons who feel somewhat depressed while filling out a 

questionnaire on self-perceived health or activities of daily living, can easily 

feel different a couple of days later. In the meantime, these persons may well 

have scored lower on self-perceived health or activities of daily living than 

might have been expected on the basis of performance-based measures [11]. 

In our study, this may have caused some overestimation of variability within 

respondents.  

 

Selection bias 

As we already briefly stipulated in previous chapters, large prospective 

observational studies, particularly those who involve older persons, have the 

disadvantage of being susceptible to study attrition due to morbidity and 

mortality. Several of the studies in this dissertation used data from large 

prospective longitudinal studies with at least two moments of measurement. 

Typically in longitudinal research among older persons in the general 

population, more and more respondents become ill and/or move to nursing 

homes and the relatively healthy respondents are likely to remain in the 

ultimate study samples, especially when follow-up measurements are (several) 

years apart. Then statistical power diminishes and study attrition is selective; 

the remaining study sample is no longer representative of the study 

population. This endangers the reliability of study results, and generalization of 

study findings should be done with caution. The above described selection bias 

could have affected our study as well. The effect it had would be the effect of 

underestimation of intragroup changes, as persons who dropped out due to 

morbidity or mortality may have gone through physical changes faster than the 

persons who are still in the study sample [12]. This means that, in our study, 

associations might have been stronger when (more) persons with bad health 

were included in the study sample. Kempen and van Sonderen acknowledge 



 

 140

8 
the effect of attrition on intragroup changes [13]. However, they suggest that 

attrition is of less influence when measures of association are the focus of 

study. 

Another source of study attrition that may cause selection bias, stems 

from the selection of respondents once they have commenced participation in 

interview cycles. Longitudinal studies that only include respondents with valid 

measurements may suffer from incompleteness of interviews or 

questionnaires, also called item nonresponse. Without  the use of imputation 

strategies, it may lead to decreased sample sizes, decreased statistical power, 

and inaccurate effect estimations. When using imputation strategies, it is 

possible that the imputed value underestimates true variability, potentially 

leading to a distortion of power in hypothesis testing, and inaccurate effect 

estimations. The studies in this dissertation that examined change were 

affected by incompleteness of measurements by reasons of item nonresponse. 

In only one occasion, however, in chapter 4, we chose to use imputation 

methods to replace missing values on physical activity measures, which were 

missing by reasons of item nonresponse.  

In all, selection bias may have bothered some of our study results and 

may have lead to some underestimation of the associations that we found. 

Therefore, we call for a cautious interpretation of the conclusions of the 

affected chapters. 

 

Confounding 
A final concern regarding the internal validity refers to potential confounders 

which may lead to spurious associations between the independent and 

dependent variables of a study. Strictly speaking, confounders are both 

associated with the independent and dependent variables, but are no part of a 

causal sequence between independent and dependent variable. In our study 

we have both attempted to identify potentially confounding variables, by 

means of correlation analyses, and subsequently, to avoid the negative 

consequences of confounding, by controlling these potentially confounding 

variables in statistical analyses. We have done this for the variables which we 

deemed potentially confounding and which also were available to us. For 

example, in chapter 2 we suggest that session attendance in the initiation 
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phase is a very strong predictor of session attendance in a later stage of the 

intervention. It may well be possible, that psychosocial and/or motivational 

variables, which we did not incorporate in our study, are largely responsible for 

this strong association. Therefore, some reservations should be made 

regarding the comprehensiveness of adjustments in statistical analyses to 

avoid confounding, as there might have been confounding variables that were 

unavailable to us to identify in analyses, or were unknown to us. 

 

Threats to external validity  

External validity of a study refers to the potential generalizability of findings to 

other study populations and other settings [14]. For example, we have no 

reasons to believe that study outcomes would be different if the ADAPT study 

was replicated among ≥60 year old, at least overweight, knee osteoarthritis 

patients in the Netherlands. This indicates good external validity. However, our 

use of slightly different age groups across studies comprises the extrapolation 

of results across studies. Finally, it is worth mentioning that good internal 

validity can be regarded as a ‘conditio sine qua non’ for good external validity. 

Nevertheless, good internal validity is no guarantee for good external validity.  

 

Causal inferences 

In this study we tried to use the strongest models of analyses as possible. In  

several studies, this lead us to perform analyses at three different levels:  

cross-sectional, longitudinal, and congruence of change. The results from 

analyses done with models of congruence of change are – despite covering 

changes in variables over time – limited in their power to make causal 

inferences. As this method relates change in one variable to change in the 

other, using panel data, one can not ascertain which change preceded the 

other. The same goes for the results from analyses done with cross-sectional 

models. Associating the levels of two variables, measured at the same time, 

does not allow for causal inferences. Still, the analyses with the greatest 

predictive power involve multiple moments of measurement and try to predict 

the level of a variable (e.g., level of depressive symptomatology in 2000) with 

the change in another variable (e.g., change in physical activity between 1994 

and 2000), which precedes the moment of measurement of the variable one 
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wants to predict. Examples of such analyses can be found in chapters 3, 4, 5, 

and 6. 

 

8.4 Study implications 
Keeping the abovementioned methodological considerations in mind, 

comments are made with respect to public health relevance, and 

recommendations are made for future research. 

 

Public health relevance 

The surplus value of our research over other studies is derived from 

disentangling and quantifying the separate associations between the 

interrelated concepts of course of chronic disease, depression, and health 

behavior. Our results indicate that unhealthy lifestyles and depressive 

symptomatology contribute to each other’s risk over time. The fact that both 

unhealthy lifestyles as well as clinically relevant depressive symptomatology 

are prevalent in the older population, plus the fact that both eventually cause 

increased morbidity and mortality, emphasizes the public health relevance. 

Opportunities for the prevention of the emergence of clinically relevant 

depression as well as the treatment of symptoms of depression may be sought 

in manipulating lifestyles. The prevention of becoming sedentary (or even 

better: promotion of vigorous physical activity), the maintenance of a healthy 

weight, and the cessation of both smoking and excessive alcohol use might 

contribute to the prevention of the emergence of clinically relevant depression 

as well as the treatment of symptoms of depression. And what's more, these 

behaviors can safely be strived for, regardless of their potential effect on 

depression, as these are beneficial for one’s health anyway. We hypothesize, 

though, that adopting and maintaining these healthy behaviors over time lead 

to lower levels of depression, and, through these lowered levels of depression, 

might lead to less chronic disease burden [15]. Also, when these healthy 

lifestyle changes take place and/or are maintained as part of  a self-

management program, perceived control over and coping with the 

consequences of a chronic disease may be improved, also potentially resulting 

in less chronic disease burden [16].  
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 When changing one’s lifestyle, for instance by starting to exercise daily 

for a certain amount of minutes, it appears imperative to ensure adherence to 

one’s own lifestyle regimen. For it is adherence to a lifestyle regimen, in this 

case actually exercising every day, that beneficially influences the course of 

certain chronic diseases, for example osteoarthritis. In order to make regimen 

adherence somewhat easier to achieve, these exercise regimens need not be 

located at gyms, but can easily be located at home, or at public places, such as 

shopping or community centers. In the United States some communal exercise 

programs are held in these indoor centers. Participants of these programs walk 

vigorously through the shopping malls, in groups. Not only have these 

programs demonstrated to be beneficial for several physical parameters, such 

as lower extremity muscle force, psychosocial parameters have also been 

shown to improve through these programs, for example symptoms of 

depression and quality of life [17,18]. Social group effects might be 

responsible for this, together with increased self-satisfaction [18], resulting in 

enhanced feelings of social support and self-efficacy and thereby improving 

psychosocial parameters [19]. 

 From a governmental point of view, the discouragement of unhealthy 

lifestyles (smoking, excessive alcohol use, and being sedentary) is done 

through television commercials, newspaper advertisements, but also through 

banning smoking in certain public spaces, increasing taxes on tobacco 

products, and limiting the availability of both alcohol and tobacco products for 

certain age groups. The promotion of healthy lifestyles (daily physical activity, 

healthy body composition, moderate alcohol use) is also done through 

television commercials, and newspaper advertisements. Lately, more and more 

health management organizations have begun to reimburse expenses that 

their customers make while leading a healthy lifestyle, thereby promoting 

these healthy lifestyles. For example, costs of nicotine patches may be 

reimbursed for those who wish to quit smoking, costs of visits to a certified 

dietician may be reimbursed for those who wish to return to a healthy weight. 

However, the promotion of healthy, but especially the discouragement of 

unhealthy lifestyles is an arduous mission, for, while national health care 

should remain cost-effective, at the same time a balance must be sought in 

respecting the personal freedom of people, and the importance of all people - 
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not just specific age groups - understanding either the benefits of healthy 

lifestyles and the risks of unhealthy lifestyles.  

 Low socio-economic status (SES) has been found to be a risk factor for 

chronic diseases [8], accelerated mobility decline [20], and more unhealthy 

lifestyles [8]. Hence, future lifestyle interventions, which seek to promote 

healthy behavior in the community, might benefit from an approach that 

differentiates in SES status of the target population. Also, (public) health care 

and opportunities for healthy lifestyles should remain easily accessible for 

people from all SES categories. 

 

Future research 

Regarding the treatment of symptoms of depression, whether or not lifestyle 

interventions should be done in persons who are under medical treatment for 

their depressive symptomatology is indistinct. Beneficial effects of physical 

exercise (initiation) on depressive symptomatology are well documented 

[21,22]. Far less clear are potential effects of smoking cessation and quitting 

excessive alcohol use on depressive symptomatology. In the medical treatment 

of depression some side effects have been reported that are unfavorable for 

adopting healthy lifestyles, such as weight gain, lethargy, postural 

hypotension, and nausea [23]. These might diminish after adopting healthy 

lifestyles. 

 However, depressed persons are likely to suffer from tiredness and 

lethargy, independent from their medication. Therefore, a first challenge in 

future intervention research may be to reach and motivate depressed persons 

to participate, and to motivate them to continue participation in longitudinal 

research. Then, future research could examine 1) whether or not the extent to 

which persons adhere to these lifestyle interventions matters for the 

improvement in symptoms of depression (a suggested dose-response effect), 

or that the success of counteracting depressive symptomatology is dependent 

on the accumulation of knowledge, skills, or a certain amount of (pre-existing) 

healthy behavior (a suggested threshold effect)? Future research could also 

clarify 2) whether or not lifestyle interventions are effective in reducing 

symptoms of depression; 3) whether these can be incorporated in the existing 

therapies to treat depression; and 4) whether or not lifestyle interventions are 
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equally effective in persons with minor depression or major depressive 

disorder, either in combination or without medical treatment, or cognitive 

behavioral therapy for depressive symptomatology. Some preliminary studies 

among older persons with minor depression yield promising results for the 

effectiveness of a physical activity intervention on symptoms of depression 

[22].  

  With respect to our finding of depression being an accelerator in the 

process of disablement, it needs clarification whether this effect of depression 

is disease-specific. In other words, does depression affect persons with lung 

disease differently as compared to persons with osteoarthritis, for example, 

regarding their advancement in the main pathway of the disablement process. 

Although some studies identified the main pathway of the model of 

disablement among different chronic diseases [24,25], to date no study has 

compared the influence of depression on the course of different chronic 

diseases in the same sample. This will require prominent longitudinal research. 

 Unraveling the association between change in disease-related 

impairments and changes in lifestyle also requires longitudinal research. The 

relevance for this can also be seen in terms of the disablement process. When 

studying the advancement of respondents with chronic diseases in the main 

pathway of the disablement process, it is important to know whether lifestyle 

changes cause either an improvement or aggravation in disease-related 

impairments or are caused by an improvement or aggravation in disease-

related impairments. Moreover, when studying aspects of disablement, a need 

exists for greater conceptual clarity and concordance regarding disablement 

outcomes. Certain similar concepts are defined and operationalised differently 

across studies. For example, the concepts of the main pathway of Verbrugge 

and Jette’s model of the disablement process were adapted from Nagi’s initial 

model of disablement [26, 27]. In turn, this was not too different from the 

International Classification of Diseases and Handicaps of the World Health 

Organization [28]. All of these models use similar concepts that slightly differ. 

This is detrimental for good comparison of study results and limits 

comparability across studies.  
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CHAPTER 9 

 

Summary (Samenvatting) 
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9.1 Introduction 

n CHAPTER 1 we discuss the central focus of this dissertation, which is the 

interrelation between depression, health behavior, and the course of chronic 

disease among late middle-aged and older adults. Health behavior was defined 

as to include lifestyle – smoking, alcohol use, physical activity, and body 

composition – and regimen adherence. From a public health perspective, 

unraveling this interrelation is important for several reasons. First, chronic 

diseases, depression, and unhealthy lifestyles are prevalent in the general 

population. Chronic diseases and depression are even more prevalent in late 

middle aged and older persons. Second, some of these concepts have been 

suggested to contribute to each other’s risk, eventually leading to increased 

burden of disease for patients, higher prevalences of diseases in the 

community, and a higher burden for national health care. Primary objective of 

this study was to clarify these reciprocal associations, using data from the 

(large) longitudinal studies of LASA, MAAS, and ADAPT. Forthcoming 

paragraphs will elaborate on this. Results may provide insights into 

determinants of the abovementioned associations that are amenable to 

change. These determinants could potentially be used in intervention research, 

and may therefore be relevant for clinical practice. Finally, outcomes may 

contribute to improvements in public health policy and to cost-effective health 

care.  

 

9.2 Reciprocity between depression, health behavior, and 

chronic disease 
Determinants of attendance to diet and exercise interventions 

Determinants of compliance to lifestyle regimens are not well understood. 

Attendance to intervention sessions is crucial for persons to acquire knowledge 

and skills regarding the core elements of an intervention, and can be seen as a 

prerequisite of intervention compliance. Therefore, in CHAPTER 2, we explored 

demographic, health-related, and social determinants of attendance to diet 

sessions and exercise sessions in the Arthritis, Diet, and Activity Promotion 

Trial. The results pertain to 206 persons of 60 years or older who had knee 

osteoarthritis and were – at least – overweight. They were asked to participate 

in a dietary weight loss intervention, an exercise intervention, or a combination 

I
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of both (double intervention randomization) over the duration of 18 months. 

Being randomized into a single intervention and attending sessions in the early 

phase of the interventions both predicted high attendance to sessions in the 

later phase of the interventions. Ultimately, determinants of attendance to diet 

sessions and exercise sessions differed. Giving persons a choice to do their 

exercises at least partly at home and stimulating attendance to sessions early 

in the intervention may be effective in enhancing long-term attendance to diet 

and exercise interventions. 

 

Associations between regimen adherence and physical function and disability 

For patients with knee osteoarthritis (knee OA) adherence to a prescribed 

physical exercise regimen is important to preserve physical function. 

Concurrently though, adherence to a prescribed regimen in general tends to 

diminish with the duration of the regimen. We therefore examined, in CHAPTER 

3, whether high adherence to an 18-month physical exercise regimen 

improved physical performance and self-reported disability among 134 persons 

of 60 years or older who had knee OA and were – at least – overweight. These 

persons of the Arthritis, Diet, and Activity Promotion Trial were asked to 

exercise for one hour - three days per week. Results indicated that higher 

exercise adherence was associated with improvements in physical performance 

in a dose-response kind of way. High initial adherence to the exercise regimen 

was associated with improvements in self-reported disability, but not in the 

long run. To a certain extent these associations could be explained by 

modifiable variables, such as pain and body mass index (BMI). Thus, 

promoting exercise regimen adherence seems justified when prescribing one to 

overweight older adults with knee OA, and thereby also focusing on 

improvements in pain and BMI. 

 

Chronic disease and lifestyle changes 

In CHAPTER 4 we theorized that lifestyle changes might be indicated in some 

instances to prevent chronic diseases from worsening and to maintain physical 

and social functioning. In 2184 persons of the Longitudinal Aging Study 

Amsterdam, we examined differences in lifestyles, and lifestyle changes after 

six years, stratified by prevalent and incident chronic disease categories. Lastly 
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we tested whether changes in disease-related impairments differed between 

persons who made a healthy lifestyle change and those who did not, within the 

same chronic disease category. Results indicated that some differences in 

lifestyles could be attributed to differences in background variables, such as 

age, gender and educational level. Overall, proportions of persons who smoked 

decreased, while the proportion of persons who reported to be sedentary 

increased. Respondents who developed cardiovascular disease during the study 

were more likely to change lifestyles than other chronic disease categories. 

Lifestyle changes appeared not to occur under the influence of the emergence 

or worsening of disease-related impairments. If our findings are replicated in 

future studies, health promotion strategies may be targeted more effectively, 

and patient groups who do not initiate more healthy lifestyles might be 

reached for intervention. 

 

Associations between lifestyle and depressed mood 

A complex of physical, psychological, and socio-environmental factors is 

assumed to cause depressed mood, which is defined as clinically relevant 

levels of depressive symptomatology along the depressive spectrum. It is not 

unequivocally clear how lifestyles, as an example of these socio-environmental 

factors, and depressed mood are associated over time. In CHAPTER 5, we 

focused on the question: do healthy lifestyles protect against depressed mood 

in 1186 persons of the longitudinal Maastricht Aging Study? No cross-sectional 

associations between lifestyles and depressed mood were found. Excessive 

alcohol use predicted the presence of depressed mood after six years, while 

exercising more than 30 minutes per day and not being overweight for six 

years were associated with absence of depressed mood after six years. We 

concluded that adopting healthy lifestyles might be a starting point to prevent 

or to deal with depressed mood over time. 

 

Associations between depressed mood and lifestyle  

In CHAPTER 6 we theorized that the way in which depressed mood might trigger 

or worsen chronic diseases might go through unhealthy lifestyles. Mental 

health improvements in chronically diseased persons could possibly intervene 

in the downward spiral of depressed mood, unhealthy lifestyles, and 
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deterioration of chronic disease. In 1280 community-dwelling persons from the 

Longitudinal Aging Study Amsterdam we examined associations between 

depressed mood and unhealthy lifestyles. Results indicated that depressed 

persons were likely to smoke, and persistently depressed people increased 

their cigarette consumption. Having an emerging depressed mood was likely to 

co-occur with change to a sedentary lifestyle, and the largest decrease in 

minutes of physical activity. Chronic diseases did not moderate the effects of 

depressed mood on unhealthy lifestyles. Clinical practice can benefit from this 

line of research if future research can elucidate whether treatment of 

depressive symptomatology can prevent unhealthy lifestyle changes. 

 

The process of disablement and depression 

The main pathway of the disablement process consists of four consecutive 

phases: pathology (presence of disease or injury), impairments (dysfunctions 

or structural abnormalities), functional limitations (restrictions in basic physical 

or mental actions), and disability (difficulties in doing activities of daily life). In 

CHAPTER 7 we determined the presence of the main pathway of the disablement 

process, and determined whether progression along the main pathway of 

disablement is accelerated in the presence of depressed mood in 1110 persons 

from the community-based Longitudinal Aging Study Amsterdam. We analyzed 

intermediate effects of different consecutive disablement phases, and 

depression was used as an interaction term while linking the consecutive 

disablement phases. We concluded that the main pathway of the disablement 

process could be identified in our sample, and that depression accelerated 

progression in the disablement process, particularly in the early and late 

stages of the model. Reduction of depression may help slow down the process 

of disablement for persons who find themselves in those stages of the model. 

 

9.3 Conclusions 
In CHAPTER 8 we summarize the principal findings of the study, and we put our 

findings in perspective. Furthermore, methodological considerations are made 

regarding internal and external study validity. We conclude with study 

implications, which are relevant to public health, and make recommendations 

for future research. Although hypothesized before, we conclude that adopting 
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and maintaining healthy behaviors over time may lead to lower levels of 

depression, and to less chronic disease burden. However, the promotion of 

healthy, but particularly the discouragement of unhealthy lifestyles in the 

community is an arduous undertaking, for a balance must be sought in 

respecting the personal freedom of persons and the importance of all persons 

– not just specific age groups – understanding either the health benefits of 

healthy lifestyles and the health risks of unhealthy lifestyles, while trying to 

make national health care cost-effective. Future research should elucidate: 1) 

whether the extent to which persons adhere to their lifestyle regimens matters 

for the improvement in depressive symptomatology, 2) whether lifestyle 

interventions are effective in the treatment of depressive symptomatology, 3) 

whether lifestyle interventions are equally effective in persons with minor 

depression or major depressive disorder, and 4) whether lifestyle interventions 

can be incorporated in the existing treatment of depressive symptomatology. 

Also, whether or not the influence depression has on the course of chronic 

diseases is disease-specific, deserves further attention.  

 

9.1 Inleiding 
n HOOFDSTUK 1 wordt het centrale thema van dit proefschrift besproken; de 

samenhang tussen depressie, gezondheidsgedrag, en het beloop van 

chronische ziekten onder ouderen. Gezondheidsgedrag was zo gedefinieerd dat 

het leefstijl – dus roken, alcohol gebruik, en lichaamsbeweging – en 

therapietrouw omvatte. Vanuit het oogpunt van maatschappelijke 

gezondheidszorg is het om meerdere redenen van belang dat deze samenhang 

wordt onderzocht. Ten eerste, depressie, ongezonde leefstijlen, en chronische 

ziekten zijn veelvoorkomend in de gewone bevolking, zelfs nog meer in de 

oudere bevolkingslagen. Ten tweede, in eerder onderzoek is gesuggereerd dat 

deze concepten bijdragen aan elkaar’s risico, wat uiteindelijk kan leiden tot 

toegenomen ziektelast, hogere prevalenties, en hogere uitgaven voor de 

nationale gezondheidszorg. Het voornaamste doel van deze studie was het 

verhelderen van de wederkerige, onderlinge samenhang, met behulp van 

gegevens van de (grote) longitudinale studies LASA, MAAS, en ADAPT. In de 

hierop volgende paragrafen zullen daar verder op ingaan. De resultaten 

kunnen nieuwe inzichten verschaffen in de veranderbare determinanten van de 

I
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hierboven genoemde samenhang. Deze determinanten kunnen wellicht in 

interventie onderzoek toegepast worden en zijn daarom van belang voor 

clinici. Ten slotte kunnen de uitkomsten bijdragen aan verbeteringen in 

gezondheidszorg beleid en aan een meer kosten-effectieve gezondheidszorg.  

 

9.2 Wederkerigheid van depressie, gezondheidsgedrag, en 

chronische ziekte 
Determinanten van deelname aan dieet- en bewegingsinterventies  

Determinanten van de mate waarin leefstijladvies wordt opgevolgd zijn 

onduidelijk. Het bijwonen van interventie bijeenkomsten wordt verondersteld 

cruciaal te zijn om kennis en vaardigheden aangaande de kernelementen van 

de interventie op te doen, en kan daarom worden opgevat als een ‘sine qua 

non’ voor de mate waarin aan een interventie gevolg wordt gegeven. In 

HOOFDSTUK 2 hebben we daarom demografische, gezondheidsgerelateerde, en 

sociale determinanten van het bijwonen van bijeenkomsten van dieet- en 

bewegingsinterventies geëxploreerd in de Arthritis, Diet, and Activity 

Promotion Trial. De resultaten hebben betrekking op 206 personen van 60 jaar 

of ouder met tenminste overgewicht en die osteoartritis aan de knie hadden. 

Zij waren gevraagd deel te nemen aan een 18 maanden durende 

dieetinterventie, bewegingsinterventie, of aan een interventie die beiden 

combineert. Ingedeeld worden in een ‘enkele’ interventie en het veelvuldig 

bijwonen van bijeenkomsten in het vroege deel van de interventie voorspelden 

het veelvuldig bijwonen van bijeenkomsten in het latere deel van de 

interventie. Uiteindelijk bleken determinanten van het bijwonen van 

bijeenkomsten van de dieet- en bewegingsinterventies te verschillen. Personen 

keuzevrijheid geven waar ze hun bewegingsoefeningen kunnen doen en het 

stimuleren van het bijwonen van interventie bijeenkomsten in het vroege deel 

van de interventie zijn wellicht effectief in het verhogen van het bijwonen van 

dieet- en bewegingsinterventie bijeenkomsten.  

 

Het opvolgen van bewegingsadvies en lichamelijk functioneren  

Voor patiënten met osteoartritis aan de knie is het van belang een 

voorgeschreven bewegingsadvies op te volgen ten einde lichamelijk 

functioneren te behouden. Het opvolgen van advies neemt gewoonlijk af 
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naarmate de tijd verstrijkt dat het advies geldt. We hebben daarom bekeken, 

in HOOFDSTUK 3, of het goed opvolgen van een 18 maanden durend 

bewegingsadvies lichamelijk functioneren op prestatietaken en zelf-

gerapporteerde invaliditeit verbeterde bij 134 personen van 60 jaar of ouder 

met tenminste overgewicht én osteo-artritis aan de knie. Deze deelnemers aan 

de Arthritis, Diet, and Activity Promotion Trial werden gevraagd drie dagen per 

week een uur lang oefeningen te doen. De resultaten gaven aan dat naarmate 

men trouwer het bewegingsadvies opvolgde de verbeteringen qua lichamelijk 

functioneren op de prestatie-taken groter waren. Het initieel goed opvolgen 

van het bewegingsadvies leidde tot korte-termijn verbeteringen in zelf-

gerapporteerde invaliditeit, maar niet gedurende de lange termijn. Deze 

associaties zijn tot op zekere hoogte te verklaren door tussenkomst van 

wijzigbare variabelen, zoals pijn en body mass index (BMI). Vandaar dat het 

promoten van het opvolgen van bewegingsadvies zinvol is wanneer een 

dergelijk bewegingsadvies wordt voorgeschreven aan oudere personen met 

overgewicht én osteoartritis aan de knie dat zich tegelijkertijd richt op 

verbeteringen in pijn en BMI.  

 

Chronische ziekte(s) en leefstijl veranderingen 

In HOOFDSTUK 4 veronderstelden we dat leefstijl veranderingen in sommige 

gevallen geïndiceerd zijn om te voorkomen dat bepaalde chronische ziekte(s) 

verergeren, en om een bepaald niveau van fysiek en sociaal functioneren te 

behouden. Bij 2184 personen van de Longitudinal Aging Study Amsterdam 

hebben we de verschillen in leefstijl onderzocht, en de veranderingen hierin na 

zes jaar, en presenteren dat per prevalente en incidente chronische ziekte-

categorie. Tot slot bekeken we of veranderingen in ziekte-gerelateerde 

klachten verschillend waren tussen personen die hun ongezonde leefstijl 

veranderden en diegenen dat niet deden, binnen een en dezelfde chronische 

ziektecategorie. De resultaten gaven aan dat sommige verschillen in leefstijl 

toegeschreven konden worden aan verschillen in achtergrond variabelen, zoals 

leeftijd, geslacht en opleiding. Over het algemeen namen proporties van 

mensen die rookten af, terwijl de proportie van mensen met een sedentaire 

leefstijl toenam. Veranderingen in leefstijl lijken niet samen te hangen met het 

optreden of verergeren van ziekte-gerelateerde klachten. Wanneer resultaten 
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van toekomstig onderzoek een zelfde richting in wijzen, kunnen mogelijk de 

programma’s ter bevordering van de gezondheid effectiever worden ingezet 

om zo patiënten groepen, die geen gezonde leefstijlveranderingen vertonen, te 

bereiken voor interventies. 

 

Samenhang tussen leefstijl en neerslachtigheid 

Verondersteld wordt dat een complex van fysieke, psychologische, en sociaal- 

en omgevingsgerelateerde factoren neerslachtigheid veroorzaken. Neer-

slachtigheid wordt gedefinieerd als klinisch relevante niveau’s van depressieve 

symptomatologie langs het langs het spectrum van depressie. Het is evenwel 

niet duidelijk hoe leefstijl - een sociaal- en omgevingsgerelateerde factor - en 

neerslachtigheid over tijd met elkaar gelieerd zijn. In HOOFDSTUK 5 richtten we 

ons op de vraag of ‘n gezonde leefstijl beschermt tegen neerslachtigheid bij 

1186 personen die deelnamen aan de longitudinale Maastricht Aging Study. Er 

werden geen cross-sectionele verbanden tussen leefstijl en neerslachtigheid 

gevonden. Excessief alcohol gebruik voorspelde de aanwezigheid van neer-

slachtigheid zes jaar later, terwijl het meer dan 30 minuten fysiek actief zijn 

per dag en het niet hebben van overgewicht verband hielden met de afwezig-

heid van neerslachtigheid na zes jaar. Geconcludeerd werd dat het aannemen 

van een gezonde leefstijl een begin kan zijn in het voorkomen van neerslach-

tigheid of in het succesvol omgaan met neerslachtigheid over de tijd. 

 

Samenhang tussen neerslachtigheid en leefstijl  

In HOOFDSTUK 6 theoretiseerden we dat de manier waarop neerslachtigheid 

chronische ziekten kan uitlokken of verergeren, deels zou gaan via het hebben 

van een ongezonde leefstijl. Verbeteringen in de mentale gezondheid van 

mensen met een chronische ziekte zou wellicht kunnen ingrijpen op de 

neerwaartse beweging van neerslachtigheid, het hebben van een ongezonde 

leefstijl, en verslechtering van chronische ziekte. We onderzochten de 

samenhang tussen neerslachtigheid en een ongezonde leefstijl bij 1280 

personen die deelnamen aan de Longitudinal Aging Study Amsterdam. De 

resultaten gaven aan dat neerslachtige personen vaker rookten, en dat 

aanhoudend neerslachtige personen het aantal sigaretten dat ze roken, 

opvoerden. Het opkomen van een periode van neerslachtigheid gebeurde vaak 
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samen met het veranderen naar een sedentaire leefstijl, en de grootste 

afname in minuten die besteed worden aan fysieke activiteit. Chronische 

ziekten hadden geen invloed op de samenhang tussen neerslachtigheid en het 

hebben van een ongezonde leefstijl. De klinische praktijk kan van dit soort 

onderzoek profiteren wanneer toekomstig onderzoek kan uitwijzen of de 

behandeling van depressieve symptomatologie de verandering naar ongezonde 

leefstijlen kan verhinderen. 

 

Neerslachtigheid en het proces van invalidering bij chronische ziekte 

Het belangrijkste traject in het proces van invalidering bestaat uit vier 

opeenvolgende fasen: pathologie (aanwezigheid van ziekte of verwonding), 

klachten (disfuncties of structurele abnormaliteiten), functionele beperkingen 

(beperkingen in basaal fysieke of mentale taken), en invaliditeit (hinder bij het 

uitvoeren van alledaagse activiteiten). In HOOFDSTUK 7 hebben we getracht aan 

te tonen: 1) de aanwezigheid van het belangrijkste traject van het proces van 

invalidering onder 1110 deelnemers aan de Longitudinal Aging Study 

Amsterdam, en 2) dat het voortschrijden in het belangrijkste traject in het 

proces van invalidering wordt versneld onder aanwezigheid van 

neerslachtigheid. We analyseerden intermediërende effecten van verschillende 

opeenvolgende fasen van het proces van invalidering op elkaar, en 

neerslachtigheid werd gebruikt als interactieterm, terwijl we de opeenvolgende 

fasen van het proces van invalidering aan elkaar probeerden te koppelen. 

Geconcludeerd werd dat het belangrijkste traject van het proces van 

invalidering in onze steekproef geïdentificeerd kon worden, en dat 

neerslachtigheid het voortschrijden in het proces van invalidering 

daadwerkelijk versneld, vooral in de vroege en late fase van het model. Het 

tegengaan van neerslachtigheid zou het voortschrijden in dit proces van 

invalidering wellicht kunnen vertragen voor personen die zich in deze fasen 

van het model bevinden. 

 

9.3 Conclusies 
In HOOFDSTUK 8 vatten we de meest in het oog springende bevindingen van 

onze studie samen en plaatsen ze in perspectief. Daarnaast worden er 

methodologische afwegingen gemaakt met betrekking tot de interne en 
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externe validiteit van de studie. We sluiten af met de implicaties van ons 

onderzoek die relevant zijn voor het veld van maatschappelijke 

gezondheidszorg, en doen aanbevelingen voor toekomstig onderzoek. Hoewel 

er al over is getheoretiseerd, concluderen wij dat het aannemen en handhaven 

van gezonde gedragingen over de tijd leidt tot lagere niveau’s van depressie 

en tot minder ziektelast. Toch is het bevorderen van een gezonde leefstijl, 

maar meer nog het afraden van een ongezonde leefstijl, op gemeenschaps- of 

nationaal niveau een hachelijke onderneming. Hierin moet namelijk een 

evenwicht worden gevonden in het respecteren van iemands persoonlijke 

keuzevrijheid en het belang dat iedereen – dus niet slechts enkele leeftijds-

groepen – op de hoogte is van de gezondheidsvoordelen van een gezonde 

leefstijl en van de gezondheidsrisico’s van een ongezonde leefstijl, en 

ondertussen de kosten van de gezondheidszorg zo laag mogelijk houden. 

Toekomstig onderzoek zou kunnen verduidelijken: 1) of gezonde leefstijl 

interventies, i.h.b. fysieke activiteit voorschriften, moeten worden uitgevoerd 

onder personen die medicijnen gebruiken voor hun depressieve symptoma-

tologie; 2) of de mate waarin personen zich houden aan hun leefstijl advies 

van invloed is op de mate waarin de depressieve symptomatologie afneemt; 3) 

of leefstijl interventies effectief zijn in de behandeling van depressieve 

symptomatologie; 4) of de effectiviteit van leefstijl interventies verschilt tussen 

personen met een maiore depressieve stoornis en personen met klachten van 

neerslachtigheid; en 5) of leefstijl interventies deel kunnen gaan uitmaken van 

de reeds bestaande behandelingstrategieën. Of de invloed, die depressieve 

symptomatologie heeft op het proces van invalidering, al dan niet ziekte-

specifiek is, ten slotte, zou ook verduidelijking behoeven. 
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