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At present, 16%  of the European population is 65 years or older. This proportion expected to 

rise to 27%  in 2050 (Beets, 2000). This increase is due to the post W orld W ar II ‘baby boom ’ and 

the prolonged life expectancy of recent generations. W ith respect to the dem ographic 

changes with increasing num ber of older people, it is expected that problem s in old age also 

increase (e.g. Kriegsm an, D eeg, &  Stalm an, 2004; Van Boxtel et al., 1998). For this reason, it is 

im portant that gerontology shifts its focus from  life extension to im provem ent of quality of life 

(e.g. Fries, 1990). A  large group of older adults develop diseases typically associated with old 

age and m ay experience disability and dim inished autonom y. Still, at least 81%  of individuals 

aged 65 years and older do not have a disease or disability that profoundly im pairs their 

functioning in every life (M elzer, M cW illiam s, Brayne, Johnson, &  Bond, 1999; O stchega, Harris, 

Hirsch, Parsons, &  Kington, 2000). In 1987, Rowe and Kahn (Rowe & Kahn, 1987) proposed that 

the aging covers a spectrum  ranging from  pathological aging, through usual aging, to 

successful aging. They state that, successful aging is a m ultidim ensional process, involving a 

low probability of disease and disease-related disability, a high level of cognitive and physical 

functioning, and an active engagem ent with life (Rowe & Kahn, 1997). 

The influential notion of Rowe and Kahn has stim ulated research on successful 

aging in the past decade. Yet, data regarding ‘successful cognitive aging’ are sparse, which is 

unfortunate because m any older people com plain about their cognitive functioning 

(Com m issaris, Ponds, &  Jolles, 1998; Ponds &  Jolles, 1996). Em pirical evidence is needed with 

respect to the determ inants of successful cognitive aging and about possible interventions to 

optim ise the course of the cognitive aging process. The research described in this thesis was 

intended to contribute to this knowledge base. This Chapter presents the background for the 

problem  and the aim s of the research in this thesis. Evidence on the nature of cognitive 

decline, and in particular executive functioning, in old age is sum m arised in the following 

section. The next paragraph provides evidence on the factors that m ay be involved in 

successful cognitive aging. Finally, background inform ation is provided on the possibility to 

im prove or m aintain cognitive functioning, well-being and quality of life in order to support 

successful aging. The objectives of this thesis and an outline of the studies described in this 

thesis are presented at the end of this Chapter. 

 

 

Cognitive aging 

It is well established that people’s objective perform ance on cognitive tests declines with age 

(Rabbitt, Bent, &  M cInnes, 1997; Schaie, 1994; Verhaeghen &  Salthouse, 1997) and that the 

subjective appraisal of cognitive functioning by older persons changes. M ore than 50 percent 

of older people com plain about forgetfulness and have less confidence in their cognitive 
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functions (Ponds, Com m issaris, &  Jolles, 1997). In a m eta-analysis, it was dem onstrated that 

perform ance on reasoning, speed, and episodic m em ory tasks was 0.7 to 1.5 standard 

deviation lower in adults aged over 50 years than in individuals aged 50 or younger 

(Verhaeghen & Salthouse, 1997). Likewise, strong evidence for an age-related cognitive decline 

was dem onstrated in longitudinal studies (Christensen et al., 1999; Schaie, 1994). Several 

cognitive aging theories have been proposed to explain why cognitive functions tend to 

decline as people age (Band, Ridderinkhof, &  Segalowitz, 2002). First, the processing speed 

hypothesis has been quite authoritative and states that age-related cognitive decline can be 

attributed to a decrease in the speed with which elem entary cognitive operations are 

executed. This decline in inform ation processing speed places fundam ental lim its on m ost 

aspects of cognition (Earles, Connor, Sm ith, &  Park, 1997; Salthouse, 1996). Another, relatively 

recent hypothesis highlights the fundam ental role of executive functioning in cognitive aging. 

This relatively new notion is challenging, because it relates the nature of objective deficits in 

cognitive perform ance to underlying neuropsychological dysfunctions and is com patible with 

the growing knowledge of brain function (M iller &  Cohen, 2001). The basic idea behind this 

theory is described in m ore detail below. 

 

 

Executive functioning 

Executive functioning is defined as the capacity that enables a person to engage successfully 

in independent, purposive, self-serving behaviours (Lezak, 1995). It has been conceptualised as 

a super-ordinate cognitive capacity, a top-down system  sub-serving several basic cognitive 

dom ains (Baddeley, 1998; Shallice, 1982). Executive functions enable people to state and 

perform  goals, deal with novel conditions, solve problem s, adapt to unexpected 

circum stances, and perform  m ultiple tasks at the sam e tim e. For this reason, this cognitive 

dom ain is considered a m ajor prerequisite for functioning in daily life (Cahn-W einer, Boyle, &  

M alloy, 2002; G rigsby, Kaye, Baxter, Shetterly, &  Ham m an, 1998). Neuropsychological studies of 

patients with frontal lobe dam age and neuro-im aging studies indicate that this dom ain m ay 

be associated with the prefrontal cortex (W est, 1996). Through the years, m any researchers 

have used the term  ‘frontal functions’ in a m etaphorical way to denote this cognitive dom ain 

without reference to the anatom ical structure (Burgess, 1997). 

Interest in executive functions has increased rapidly in the last three decades. This is 

because of a greater awareness of the neuroanatom ical basis and the im portance of the 

efficiency of executive control functions in determ ining the perform ance on other cognitive 

tasks (Luszcz &  Bryan, 1999; M cD owd & Shaw, 2000; Salthouse &  M iles, 2002). Strangely 

enough, a coherent theory and a clear operationalisation of these functions are still lacking. 
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Three subordinate functions are often suggested to be part of the executive dom ain: ‘set 

shifting’ (e.g. shifting between tasks), ‘working m em ory’, and ‘inhibition of irrelevant 

responses’ (M iyake et al., 2000). Task execution can fail if the working m em ory is not updated 

and the content of working m em ory can yield conflicting output if irrelevant inform ation is not 

rem oved or inhibited and if relevant inform ation is not activated in tim e (Baddeley, 1998; Band 

et al., 2002). A ttentional functions as well as functions related to behavioural planning and 

organization are also regarded as im portant executive functions (Lezak, 1995). 

 

 

Executive functioning and aging 

As people age, executive functions appear to be com prom ised (e.g. Andres &  van der Linden, 

2000; Bryan &  Luszcz, 2000). This age-related decline is im portant because executive 

functioning m ay be a central feature of everyday functioning am ong older adults (G rigsby, 

Kaye, Kowalsky, &  Kram er, 2002) and m ay even have im plications for successful aging (Rowe &  

Kahn, 1997). As a result of changes in executive functioning, older people m ay experience 

difficulties in planning leisure-tim e activities after retirem ent, in m anaging their finances, or in 

coping with novel situations. M oreover, societal changes are often challenging for older 

people and m ay cause problem s in learning and applying new strategies and procedures, such 

as using com puters and m obile phones. In the past few decades, neurobiological and 

neuropsychological studies have dem onstrated that these executive functions m ay be one of 

the first cognitive dom ains to deteriorate with age. Neurobiological studies have 

dem onstrated that the frontal lobes are m ore sensitive than other parts of the brain to the 

aging process (Raz et al., 1997; Salat, Kaye, &  Janowsky, 1999; Tisserand et al., 2002). This region 

shows a greater loss of volum e with age than do other cortical areas, and the volum e loss is 

paralleled by a local decrease in the num ber of synapses, atrophy of dendritic processes, and 

reduced efficiency in cellular m echanism s that support the synthesis and transm ission of 

neurotransm itters (W est, 1996). Neuropsychological evidence suggests that older adults 

perform  substantially worse than younger adults on tasks m easuring executive functioning 

(Bryan &  Luszcz, 2000, 2001; M ayr, Spieler, &  Kliegl, 2001; W ecker, Kram er, W isniewski, D elis, &  

Kaplan, 2000). The convergence of the neuropsychological and neurobiological lines of 

evidence has resulted in the frontal lobe hypothesis of aging, which states that cognitive 

abilities supported by the prefrontal cortex show signs of age-related decline at an earlier age 

and to a greater degree than cognitive abilities supported by other brain structures (W est, 

1996). This frontal lobe hypothesis of aging is regarded as an alternative to the above-

m entioned hypothesis concerning reduced speed of inform ation processing (Earles et al., 

1997; Salthouse, 1996). 
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D eterm inants of cognitive aging 

O ne of the m ost striking findings in the literature on aging is that the rate of cognitive decline 

varies considerably between individuals and that this variation tends to increase as people age 

(Christensen et al., 1999), with som e individuals perform ing as well as young adults and others 

showing a decline for m any years. The challenge of cognitive gerontology today is to identify 

biological and psychosocial factors that m ay help to explain these individual differences in 

cognitive decline. Biological factors, such as hypertension, diabetes, and sensory functioning, 

have been dem onstrated in cross-sectional studies to be associated with poor cognitive 

functioning in an older population (Cervilla, Prince, Joels, Lovestone, &  M ann, 2000; Houx & 

Jolles, 1993; M cNeal et al., 2001; Van Boxtel et al., 1998). Likewise, psychological and social 

factors, such as depressive sym ptom atology and less em otional support, are thought to have 

the potential to adversely influence the cognitive functioning of older adults (Bosm a et al., 

2002; D en Hartog, D erix, van Bem m el, Krem er, &  Jolles, 2003; Seem an, Lusignolo, A lbert, &  

Berkm an, 2001). U nfortunately, m ost studies that investigated the determ inants of cognitive 

aging had a cross-sectional design, and thus do not enable inferences about cause and effect. 

Longitudinal studies that specifically addressed the determ inants of cognitive aging still are 

scarce (Baltes &  Baltes, 1990; Schaie &  Hofer, 2001). The M aastricht Aging Study, a large 

longitudinal study on cognitive aging (Jolles, Houx, van Boxtel, &  Ponds, 1995), has enabled 

the investigation of determ inants of age-related cognitive decline such as prevalent diseases 

(Van Boxtel et al., 1998), m em ory self-efficacy (Ponds &  Jolles, 1996), exposure to toxic 

substances (Bosm a, van Boxtel, Ponds, Houx, &  Jolles, 2000), or engaged lifestyle (Bosm a et al., 

2002). The database of M AAS is well equipped to investigate various biological, psychological, 

and psychosocial determ inants of successful cognitive aging. It is im perative to perform  this 

type of research because it m ay contribute to the identification of factors that m ay potentially 

be m odified as part of dedicated intervention program m es. 

 

 

Interventions in older individuals 

 

Executive functioning 

As a consequence of the growing num ber of older people and who wish to rem ain active 

m em bers of society and keep a good quality of life (Fries, 1990), there is a need for 

intervention studies aim ed at the prom otion of successful aging. M ajor research questions 

concern the im provem ent or m aintenance of cognitive perform ance and how to positively 

affect quality of life and well-being, thereby prom oting successful aging. A lthough a whole 

range of interventions to im prove cognitive functioning in older people have been developed 
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in recent years, only a few of these interventions have been em pirically evaluated. In the last 

decades, there have been som e studies, which dem onstrated that neuropsychological 

interventions in older adults m ay have positive effects on cognitive functioning or quality of 

life (e.g. Ball et al., 2002; Lachm an, W eaver, Bandura, Elliott, &  Lewkowicz, 1992; W oolverton, 

Scogin, Shackelford, Black, &  D uke, 2001). U nfortunately, m any studies have m ethodological 

lim itations, such as absence of a control group (Caprio-Prevette &  Fry, 1996) or a sm all sam ple 

size (low ‘power’) (Rasm usson, Rebok, Bylsm a, &  Brandt, 1999; Rebok, Rasm usson, Bylsm a, &  

Brandt, 1997). In addition, quite som e studies are characterized by flaws in the design or in the 

use of the psychom etric instrum ents both in the training and in the assessm ent of the 

outcom e (Brooks, Friedm an, Pearm an, G ray, &  Yesavage, 1999). The stage is set to evaluate 

interventions for older adults using controlled trials, in a sim ilar fashion as in pharm acological 

studies. M ost cognitive interventions for older adults address m em ory functioning and 

m em ory self-efficacy (e.g. Lachm an et al., 1992; Valentijn et al., in press). No study has yet 

evaluated an intervention for older adults that focuses on executive functioning. This is 

unfortunate because this cognitive dom ain m ay be involved in various activities of daily life 

and shows a profound worsening of function with increasing age. 

 

Hearing functioning 

Apart from  this cognitive intervention, there is a special place for interventions that focussed 

on the im provem ent of a non-cognitive age-related variable with potential im pact on 

cognitive function in older adults. A  m ajor exam ple concerns elderly subjects with a hearing 

defect, which affects at least 30%  of people aged 65 years and older (Cruickshanks et al., 1998). 

A  reduced efficiency of the sensory system s has been related to a reduced efficacy of the 

neural networks involved in cognitive abilities, for exam ple, through a loss of synaptic 

connectivity or neuronal atrophy (Lindenberger &  Baltes, 1994; Sekuler &  Blake, 1987). This 

age-related phenom enon m ay thus be as a risk factor for deterioration of cognitive functions 

due to prolonged lack of adequate sensory input, which m ay reduce the opportunities for 

intellectually stim ulating exchanges with the environm ent. Conversely, if sensory functioning 

can be im proved, a qualitatively better and richer auditory input m ay prom ote reconnection of 

neural circuits in the brain and result in a better cognitive perform ance. It can therefore be 

hypothesised that conventional treatm ent of hearing im pairm ent (by m eans of hearing aids) 

m ay have a positive influence on cognitive functioning and well-being. Indeed, previous 

observational studies of older people have shown that sensory functioning is related to both 

quality of life and cognitive functioning (e.g. Lindenberger & Baltes, 1994, 1997). For exam ple, 

in the Berlin Aging Study, reduced sensory functioning was associated with poor perform ance 

on cognitive tests in adults aged 70 years and older (Lindenberger & Baltes, 1994). Likewise, 
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Strawbridge et al. (2000) showed that physical, m ental, and social functioning decreased with 

increasing severity of hearing im pairm ent (Strawbridge, W allhagen, Shem a, &  Kaplan, 2000). 

A lthough hearing im pairm ent in old age appears to be associated with decreased cognitive 

functioning and well-being, few studies have system atically investigated the effects of 

interventions to im prove auditory functions on cognition and quality of life. 

 

 

O bjectives of the thesis 

The research described in this thesis has two m ain objectives. The first is to study age-related 

differences in cognitive perform ance and to investigate potential determ inants of successful 

cognitive aging in a longitudinal follow-up study, with a special em phasis on executive 

functioning. The second objective is to exam ine the effects of specific interventions in older 

adults on the cognitive functioning, well-being, and quality of life. The first intervention 

concerns prim arily executive functions and the second is directed at auditory functioning. The 

studies presented in this thesis can be considered com plem entary to the studies discussed in 

the thesis of Susanne Valentijn1, which also addressed successful cognitive aging. This thesis 

prim arily covers m em ory functioning and visual functioning in the context of successful aging. 

The studies described in both theses were part of a large research program m e entitled 

‘”Successful ageing, cognitive ageing and experim ental intervention studies related to the 

M aastricht Ageing Study (M AAS)” (NW O : 014-91-047). 

 

 

The outline of the thesis 

The thesis consists of two sections. In part one, cognitive functioning in old age and the 

determ inants and consequences of successful cognitive aging were investigated, using data 

from  the M aastricht Aging Study. In part two, the effects of (cognitive and sensory) 

interventions in older adults were evaluated on the cognitive functioning, well-being, and 

quality of life. The results of the studies described in this thesis are jointly discussed with 

respect to m ethodology, theoretical, and practical im plications in Chapter 9. 

 

Part I 

The goal of the study presented in Chapter 2 was to investigate whether differences between 

age groups are identical for various cognitive functions, including attention, executive 

functioning, and m em ory functions, or whether age-related differences are m ore pronounced 

1 Valentijn, S. (2004) Succesful cognitive aging: m em ory, determ inants, and interventions. D octoral 

Thesis, M aastricht U niversity, M aastricht 
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for particular cognitive dom ains. The influence of two im portant age extrinsic factors, 

education and sex, on cognitive functioning was also exam ined.  

Cognitive decline is not only associated with age, but also with factors that m ay to 

som e extent be am enable to m odification. However, few studies have exam ined the 

contribution of such biological and psychosocial factors to the relationship between age and 

cognition, particularly with respect to executive functions. In the study presented in Chapter 3, 

we exam ined a set of biological and psycho-social factors that em erged from  the cognitive 

aging literature as possible explanation for the differential cognitive decline, particularly 

executive functioning, in older adults.  

In the third study (Chapter 4), we exam ined whether different dim ensions of health 

status (physical, psychological, and social functioning) are differentially related to actual 

cognitive functioning, including executive functioning and to cognitive change over a 6-year 

period in a large sam ple of individuals aged 60 years or older. 

Som e authors have suggested that cognitive functioning, especially executive 

functioning, has a direct im pact on functional status in older adults and m ay influence 

independent living. However, few studies have investigated whether cognitive functioning 

actually does affect functional status. For this reason, we investigated in Chapter 5 the direct 

and long-term  im pact of cognitive functioning on functional status in an older population. 

 

Part II 

Executive problem s appear to be an im portant contributor to everyday functioning am ong 

older adults. A lthough m any older adults experience these difficulties, no study, so far, has 

evaluated neuropsychological interventions that focus on these cognitive functions in older 

adults. In the study reported in Chapter 6, we investigated whether an intervention for older 

adults directed at executive functions has positive effects on cognitive com plaints and 

cognitive functioning. 

In the sam e vein, we undertook an intervention study to exam ine the potential 

im pact of hearing aid use on cognition and quality of life. In a controlled study, first-tim e 

hearing aid users were com pared with adults with a com parable hearing im pairm ent but who 

did not use a hearing aid. In Chapter 7, it was exam ined whether the cognitive perform ance of 

older adults m ay benefit from  rehabilitation with hearing aids. The subsequent Chapter 8 is 

devoted to the non-cognitive effects of hearing aid use, i.e. the quality of life, depressive 

sym ptom s, physical functioning, social functioning, and subjective auditory functioning. 

Finally, in Chapter 9 findings of the studies are com bined and are discussed with 

respect to m ethodological considerations, practical im plications and theoretical im plications. 

 



 

Introduction 

 

 

17

References 
Andres, P., &  van der Linden, M . (2000). Age-related differences in supervisory attentional system  functions. 

Journals of Gerontology: Psychological Sciences, 55(6), P373-P380. 

Baddeley, A . (1998). The central executive: a concept and som e m isconceptions. Journal of the International 

Neuropsychological Society, 4(5), 523-526. 

Ball, K., Berch, D . B., Helm ers, K. F., Jobe, J. B., Leveck, M . D ., M arsiske, M ., et al. (2002). Effects of cognitive 

training interventions with older adults: a random ized controlled trial. Journal of the Am erican 

M edical Association, 288(18), 2271-2281. 

Baltes, P. B., &  Baltes, M . M . (1990). Psychological perspectives on succesful aging: the m odel of selective 

optim ization with com pensation. In P. B. Baltes & M . M . Baltes (Eds.), Succesful aging: perspectives 

from  the behavioral sciences (pp. 1-34). Cam bridge: Cam bridge U niversity Press. 

Band, G . P., Ridderinkhof, K. R., &  Segalowitz, S. (2002). Explaining neurocognitive aging: is one factor 

enough? Brain and Cognition, 49(3), 259-267. 

Beets, B. (2000). W rinkles in Europe, from  http://www.nidi.nl/public/dem os/dm 00102.htm l 

Bosm a, H., van Boxtel, M . P., Ponds, R. W ., Houx, P. J., &  Jolles, J. (2000). Pesticide exposure and risk of m ild 

cognitive dysfunction. Lancet, 356(9233), 912-913. 

Bosm a, H., van Boxtel, M . P., Ponds, R. W ., Jelicic, M ., Houx, P., M etsem akers, J., et al. (2002). Engaged 

lifestyle and cognitive function in m iddle and old-aged, non-dem ented persons: a reciprocal 

association? Zeitschrift für Gerontologie und Geriatrie, 35(6), 575-581. 

Brooks, J. O ., 3rd, Friedm an, L., Pearm an, A . M ., G ray, C., &  Yesavage, J. A . (1999). M nem onic training in older 

adults: effects of age, length of training, and type of cognitive pretraining. International 

Psychogeriatrics, 11(1), 75-84. 

Bryan, J., &  Luszcz, M . A . (2000). M easurem ent of executive function: considerations for detecting adult age 

differences. Journal of Clinical and Experim ental Neuropsychology, 22(1), 40-55. 

Bryan, J., &  Luszcz, M . A . (2001). Adult age differences in self-ordered pointing task perform ance: 

contributions from  working m em ory, executive function and speed of inform ation processing. 

Journal of Clinical and Experim ental Neuropsychology, 23(5), 608-619. 

Burgess, P. W . (1997). Theory and m ethodology in executive function research. In P. Rabbit (Ed.), 

M ethodology of frontal and executive function (pp. 81-116). Hove: Psychology Press. 

Cahn-W einer, D . A ., Boyle, P. A ., &  M alloy, P. F. (2002). Tests of executive function predict instrum ental 

activities of daily living in com m unity-dwelling older individuals. Applied Neuropsychology, 9(3), 

187-191. 

Caprio-Prevette, M . D ., &  Fry, P. S. (1996). M em ory enhancem ent program  for cum m unity-based older 

adults: D evelopm ent and evaluation. Experim ental Aging Research, 22, 281-303. 

Cervilla, J. A ., Prince, M ., Joels, S., Lovestone, S., &  M ann, A . (2000). Long-term  predictors of cognitive 

outcom e in a cohort of older people with hypertension. British Journal of Psychiatry, 177, 66-71. 

Christensen, H., M ackinnon, A . J., Korten, A . E., Jorm , A . F., Henderson, A . S., Jacom b, P., et al. (1999). An 

analysis of diversity in the cognitive perform ance of elderly com m unity dwellers: individual 

differences in change scores as a function of age. Psychology and Aging, 14(3), 365-379. 

Com m issaris, C. J. A . M ., Ponds, R. W . H. M ., &  Jolles, J. (1998). Subjective forgetfulness in a norm al D utch 

population: possibilities for health education and other interventions. Patient Education and 

Counseling, 34, 25-32. 

Cruickshanks, K. J., Klein, R., Klein, B. E., W iley, T. L., Nondahl, D . M ., &  Tweed, T. S. (1998). Cigarette sm oking 

and hearing loss: the epidem iology of hearing loss study. Journal of the Am erican M edical 

Association, 279(21), 1715-1719. 



  

 Chapter 1 

 

18 

D en Hartog, H. M ., D erix, M . M . A ., van Bem m el, B., Krem er, B., &  Jolles, J. (2003). Cognitive functioning in 

young to m iddle-aged unm edicated outpatients with m ajor depression: testing the effort and 

cognitive speed hypotheses. Psychological m edicine, 33(8), 1443-1451. 

Earles, J. L., Connor, L. T., Sm ith, A . D ., &  Park, D . C. (1997). Interrelations of age, self-reported health, speed, 

and m em ory. Psychology and Aging, 12(4), 675-683. 

Fries, J. F. (1990). M edical perspectives upon successful aging. In P. B. Baltes &  M . M . Baltes (Eds.), Successful 

aging: Perspectives from  the behavioral sciences (pp. 35-49). Cam bridge: Cam bridge U niversity 

Press. 

G rigsby, J., Kaye, K., Baxter, J., Shetterly, S. M ., &  Ham m an, R. F. (1998). Executive cognitive abilities and 

functional status am ong com m unity-dwelling older persons in the San Luis Valley Health and 

Aging Study. Journal of the Am erican Geriatrics Society, 46(5), 590-596. 

G rigsby, J., Kaye, K., Kowalsky, J., &  Kram er, A . M . (2002). Association of behavioral self-regulation with 

concurrent functional capacity am ong stroke rehabilitation patients. Journal of Clinical 

Geropsychology, 8(1), 25-33. 

Houx, P. J., &  Jolles, J. (1993). Age-related decline of psychom otor speed: Effects of age, brain health, sex, 

and education. Perceptual and M otor Skills, 76, 195-211. 

Jolles, J., Houx, P. J., van Boxtel, M . P. J., &  Ponds, R. W . H. M . (Eds.). (1995). M aastricht Aging Study: 

D eterm inants of cognitive aging. M aastricht: Neuropsych Publishers. 

Kriegsm an, D . M ., D eeg, D . J., &  Stalm an, W . A. (2004). Com orbidity of som atic chronic diseases and decline 

in physical functioning:; the Longitudinal Aging Study Am sterdam . Journal of Clinical 

Epidem iology, 57(1), 55-65. 

Lachm an, M . E., W eaver, S. L., Bandura, M ., Elliott, E., &  Lewkowicz, C. J. (1992). Im proving m em ory and 

control beliefs through cognitive restructuring and self-generated strategies. Journal of 

Gerontology: Psychological Sciences, 47(5), P293-299. 

Lezak, M . D . (1995). Neuropsychological Assessm ent (3rd ed.). New York: O xford U niversity Press. 

Lindenberger, U ., &  Baltes, P. B. (1994). Sensory functioning and intelligence in old age: a strong 

connection. Psychology and Aging, 9(3), 339-355. 

Lindenberger, U ., &  Baltes, P. B. (1997). Intellectual functioning in old and very old age: cross-sectional 

results from  the Berlin Aging Study. Psychology and Aging, 12(3), 410-432. 

Luszcz, M . A ., &  Bryan, J. (1999). Toward understanding age-related m em ory loss in late adulthood. 

Gerontology, 45(1), 2-9. 

M ayr, U ., Spieler, D . H., &  Kliegl, R. (2001). Ageing and executive control: Introduction to this special issue. 

European Journal of Cognitive Psychology, 13, 1-4. 

M cD owd, J. M ., &  Shaw, R. J. (2000). Attention and aging: a functional perspective. In F. I. Craik &  T. A . 

Salthouse (Eds.), The handbook of aging and cognition (pp. 221-293). London: Lawrence Erlbaum  

Associates, Publishers. 

M cNeal, M . G ., Zareparsi, S., Cam icioli, R., D am e, A ., Howieson, D ., Q uinn, J., et al. (2001). Predictors of 

healthy brain aging. Journal of Gerontology: Biological Sciences, 56(7), B294-301. 

M elzer, D ., M cW illiam s, B., Brayne, C., Johnson, T., &  Bond, J. (1999). Profile of disability in elderly people: 

estim ates from  a longitudinal population study. British M edical Journal, 318(7191), 1108-1111. 

M iller, E. K., &  Cohen, J. D . (2001). An integrative theory of prefrontal cortex function. Annu Rev Neurosci, 24, 

167-202. 

M iyake, A ., Friedm an, N. P., Em erson, M . J., W itzki, A . H., Howerter, A ., &  W ager, T. D . (2000). The unity and 

diversity of executive functions and their contributions to com plex "Frontal Lobe" tasks: a latent 

variable analysis. Cognitive Psychology, 41(1), 49-100. 



 

Introduction 

 

 

19

O stchega, Y., Harris, T. B., Hirsch, R., Parsons, V. L., &  Kington, R. (2000). The prevalence of functional 

lim itations and disability in older persons in the U S: data from  the National Health and Nutrition 

Exam ination Survey III. Journal of the Am erican Geriatrics Society, 48(9), 1132-1135. 

Ponds, R. W ., Com m issaris, K. J., &  Jolles, J. (1997). Prevalence and covariates of subjective forgetfulness in a 

norm al population in The Netherlands. International Journal of Aging and Hum an D evelopm ent, 

45(3), 207-221. 

Ponds, R. W . H. M ., &  Jolles, J. (1996). M em ory com plaints in elderly people: the role of m em ory abilities, 

m etam em ory, depression, and personality. Educational Gerontology, 22, 341-357. 

Rabbitt, P., Bent, N., &  M cInnes, L. (1997). Health, age and m ental ability. The Irish Journal of Psychology, 

18(1), 104-131. 

Rasm usson, D . X., Rebok, G . W ., Bylsm a, F. W ., &  Brandt, J. (1999). Effects of three types of m em ory training 

in norm al elderly. Aging, Neuropsychology, and Cognition, 6, 56-66. 

Raz, N., G unning, F. M ., Head, D ., D upuis, J. H., M cQ uain, J., Briggs, S. D ., et al. (1997). Selective aging of the 

hum an cerebral cortex observed in vivo: differential vulnerability of the prefrontal gray m atter. 

Cerebral Cortex, 7(3), 268-282. 

Rebok, G . W ., Rasm usson, D . X., Bylsm a, F. W ., &  Brandt, J. (1997). M em ory im provem ent tapes: How 

effective for elderly adults? Aging, Neuropsychology, and Cognition, 4, 304-311. 

Rowe, J. W ., &  Kahn, R. L. (1987). Hum an aging: usual and successful. Science, 237(4811), 143-149. 

Rowe, J. W ., &  Kahn, R. L. (1997). Successful aging [see com m ents]. The Gerontologist, 37(4), 433-440. 

Salat, D . H., Kaye, J. A ., &  Janowsky, J. S. (1999). Prefrontal gray and white m atter volum es in healthy aging 

and A lzheim er disease. Archives of Neurology, 56(3), 338-344. 

Salthouse, T. A . (1996). The processing-speed theory of adult age differences in cognition. Psychological 

Review , 103(3), 403-428. 

Salthouse, T. A ., &  M iles, J. D . (2002). Aging and tim e-sharing aspects of executive control. M em ory and 

Cognition, 30(4), 572-582. 

Schaie, K. W . (1994). The course of adult intellectual developm ent. Am erican Psychologist, 49(4), 304-313. 

Schaie, K. W ., &  Hofer, S. M . (2001). Longitudinal studies in aging research. In J. E. Birren & K. W . Schaie 

(Eds.), Handbook of the psychology of aging (pp. 53-71). London: Academ ic press. 

Seem an, T. E., Lusignolo, T. M ., A lbert, M ., &  Berkm an, L. (2001). Social relationships, social support, and 

patterns of cognitive aging in healthy, high-functioning older adults: M acArthur studies of 

successful aging. Health Psychology, 20(4), 243-255. 

Sekuler, R., &  Blake, R. (1987). Sensory underload. Psychology Today, 21, 48-51. 

Shallice, T. (1982). Specific im pairm ents of planning. Philosophical Transactions of the Royal Society of 

London. Biological Sciences, 298(1089), 199-209. 

Strawbridge, W . J., W allhagen, M . I., Shem a, S. J., &  Kaplan, G . A . (2000). Negative consequences of hearing 

im pairm ent in old age: a longitudinal analysis. The Gerontologist, 40(3), 320-326. 

Tisserand, D . J., Pruessner, J. C., Sanz Arigita, E. J., van Boxtel, M . P., Evans, A . C., Jolles, J., et al. (2002). 

Regional frontal cortical volum es decrease differentially in aging: an M RI study to com pare 

volum etric approaches and voxel-based m orphom etry. Neuroim age, 17(2), 657-669. 

Valentijn, S. A . M ., van Hooren, S. A . H., Bosm a, H., Touw, D ., Jolles, J., van Boxtel, M . P. J., et al. (in press). The 

effects of two types of m em ory training on subjective and objective m em ory perform ance in 

healthy individuals aged 55 years and older: a random ised controlled trial. Patient Education and 

Counseling. 



  

 Chapter 1 

 

20 

Van Boxtel, M . P. J., Buntinx, F., Houx, P. J., M etsem akers, J. F. M ., Knottnerus, J. A ., &  Jolles, J. (1998). The 

relation between m orbidity and cognitive perform ance in a norm al aging population. Journal of 

Gerontology: M edical Sciences, 53A(2), M 146-M 154. 

Verhaeghen, P., &  Salthouse, T. A . (1997). M eta-analyses of age-cognition relations in adulthood: estim ates 

of linear and nonlinear age effects and structural m odels. Psychological Bulletin, 122(3), 231-249. 

W ecker, N. S., Kram er, J. H., W isniewski, A ., D elis, D . C., &  Kaplan, E. (2000). Age effects on executive ability. 

Neuropsychology, 14(3), 409-414. 

W est, R. L. (1996). An application of prefrontal cortex function theory to cognitive aging. Psychological 

Bulletin, 120(2), 272-292. 

W oolverton, M ., Scogin, F., Shackelford, J., Black, S., &  D uke, L. (2001). Problem -targeted m em ory training 

for older adults. Aging, neuropsychology, and cognition, 8(4), 241-255. 

 

 



 21 

 

 

Part I 

D eterm inants 



  

 

 

 



 23 

 

Chapter 2 

 

 

Cognitive functioning in healthy adults: 

A cohort study into the effects of age, sex, and 

education 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S. A . H . van H ooren, S. A . M . V alentijn, H . Bosm a, R. W . H . M . Ponds, M . P. J. van Boxtel, J. 

Jolles (under revision) 



Chapter 2 

 

24 

A bstract 

The objective of this study was to determ ine a possible differential effect of age, education, 

and sex on learning, working m em ory and cognitive speed in healthy older adults. A  group of 

578 healthy participants in the age range of 64-81 was recruited from  a large population study 

of healthy adults (M aastricht Aging Study). Even in healthy individuals in this restricted age 

range, there is a clear age-related decrease in perform ance on learning, m em ory and cognitive 

speed tasks. The capacity to inhibit inform ation is affected m ost. Education had a substantial 

effect on cognitive functioning: participants with a m iddle or high level of education 

perform ed better on cognitive tests than did participants with a low level of education. 

W om en perform ed better than m en on m em ory tasks. Therefore, education and sex m ust be 

taken into account when exam ining an older individual’s cognitive perform ance. 
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Introduction 

 

M any studies have dem onstrated that certain cognitive functions dim inish with increasing 

age. Inform ation processing speed is com prom ised (Houx & Jolles, 1993; Jolles, Houx, Vreeling, 

&  Verhey, 1993), as is efficient consolidation of newly learned inform ation (Salthouse, 1998). In 

addition, problem s appear in executive functions such as planning and behavioural 

organisation (Bryan &  Luszcz, 2000; Craik &  Salthouse, 2000). U ntil now, it is not clear whether 

these cognitive functions decline at the sam e rate or whether there is a differentiation 

between cognitive dom ains. Som e authors have suggested that especially executive functions 

m ay be the first to deteriorate (Jolles, 1986; W est, 1996), whereas others have suggested that 

the age-related decline in cognitive functions, including executive functions and m em ory, is 

due to a general decline in processing speed (Salthouse, 1996; Verhaeghen &  Salthouse, 1997). 

M ost research on cognitive ageing has com pared groups of young adults (often in 

their 20s) with groups of older adults (often ranging from  late 60s to the 80s; Craik &  Salthouse, 

2000). U nfortunately, studies, which have used a broad age-range of participants, are lim ited 

by cohort effects (Schaie, 1994; Schretlen et al., 2000). In the present study, we included a sm all 

age range (64-81 years) in order to m inim ise cohort effects. It is im portant to evaluate a 

possible deterioration within this age range because m ost people aged 65 and older consider 

them selves relatively healthy and wish to continue to participate in society and m aintain a 

good quality of life. It is however not known which factors determ ine age-related cognitive 

differences, apart from  dim inishing health (Houx & Jolles, 1993; Van Boxtel et al., 1998). In 

addition, little is known about how educational level or even a person’s sex affects their 

cognitive function in this age range. As the proportion of older people is increasing rapidly in 

the developed world, it is im perative to evaluate the possible influence of such factors. This is 

because the factors ‘age’, ‘education’, and ‘sex’ could have differential effects on cognition 

within the group of older adults. If so, this knowledge could add to our insight with respect to 

norm al versus successful ageing (Rowe &  Kahn, 1987).  

Earlier research has shown that health-related factors and psychosocial factors, such 

as lifestyle, appear to affect the cognitive perform ance of otherwise healthy individuals (Bosm a 

et al., 2002; Elwood, Pickering, &  G allacher, 2001; Houx & Jolles, 1993; Van Boxtel et al., 1998). In 

addition, a higher level of education appears to be a strong predictor of sustained cognitive 

function in old age and m ay protect against age-related decline (Bosm a, van Boxtel, Ponds, 

Houx, &  Jolles, 2003; Elias, Elias, D 'Agostino, Silbershatz, &  W olf, 1997; Evans et al., 1993; 

Lyketsos, Chen, &  Anthony, 1999). Interestingly, am ong people aged 85 years and older, 

wom en have better scores for cognitive speed and m em ory tasks than do m en despite their 

often lower level of form al education (Van Exel et al., 2001). These findings were based on 
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either very old persons or the studies used a very broad age-range (e.g. from  18 to 71 and 

older (Lyketsos et al., 1999)). 

Thus m ore needs to be learned about the possible differential effects of age on the 

m ajor cognitive dom ains of cognitive speed, executive functions, m em ory and learning in 

healthy older people. In addition, the influence of education and sex in this age group should 

be evaluated, given their influence over a larger age range or in an older population (e.g. 

Farm er, Kittner, Rae, Bartko, &  Regier, 1995; Van Exel et al., 2001). M ore inform ation with 

respect to the effects of age, education, and sex on cognitive functions could be im portant for 

planning interventions for healthy older adults and give them  insight into the factors that 

determ ine their cognitive perform ance and which could contribute to successful ageing.  

W e investigated whether differences between age groups are sim ilar for various 

cognitive functions, such as attention, executive functioning, and m em ory functions which are 

especially sensitive to ageing or whether age related cognitive differences are m ore 

pronounced in specific dom ains (i.e. executive functions or processing speed). In other words, 

are there dom ain specific or m ore general differences in cognitive function? W e hypothesised 

that while there are general age-related cognitive differences with advancing age, executive 

functioning is especially affected because the frontal cortex, which supports these functions, is 

one of the first areas of the brain to m alfunction in norm al ageing (Jolles, 1986; Tisserand, 

2003). W e also investigated the influence of education and sex on cognitive functioning. The 

study was perform ed using data from  The M aastricht Aging Study (M AAS), a large healthy 

population study involving 1823 healthy participants. The M AAS has an advantage over earlier 

studies in that the sam ple is stratified at first occasion according to age, sex, and occupational 

activity, which produces equally reliable estim ates of population param eters across all levels of 

the age variable, in both gender, and in a low versus high level of occupational activity. 

 

 

M ethods 

 
Participants 

The data used in the present study were derived from  the M aastricht Aging Study (M AAS), a 

large-scale population study exam ining determ inants of cognitive ageing. The aim , population 

characteristics and design of M AAS are reported elsewhere (Jolles, Houx, van Boxtel, &  Ponds, 

1995). In short, participants were random ly recruited from  a patient register of collaborating 

general practices in the south of the Netherlands (Registration Network Fam ily Practices 

(M etsem akers, Höppener, Knottnerus, Kocken, &  Lim onard, 1992)). These m en and wom en, 

aged 24 to 81, were without docum ented m edical conditions known to interfere with norm al 



 Cognitive functioning in older adults 

 

27

cognitive function (e.g. dem entia, m ental retardation, and cerebrovascular pathology). The 

sam ple was stratified according to age (12 groups; ranging from  25 ±  1, 30 ±  1, 35 ±  1,… , 80 ±  

1 years, m ean age 51.4 (sd 16.8) years), sex, and level of occupational activity (two levels). In 

the period 1993-1995, 1823 people were assessed regarding cognitive and physical m easures. 

For the present study, data for participants in the four oldest age categories (i.e. 65 ±  1, 70 ±1, 

75 ±1, 80 ±  1, age range 64-81 years) were used (n=578; 292 m en, 286 wom en). 

The M edical Ethics Com m ittee of M aastricht U niversity, the Netherlands, approved 

this study. A ll participants gave their written inform ed consent. 

 

M easures 

Independent variables 

Age was used as a categorical variable; participants were grouped in four groups, nam ely, 

65±1 years, 70±1 years, 75±1 years, and 80±1 years. Educational level was indexed on a three-

point scale (low=elem entary education and lower vocational education; m iddle=interm ediate 

secondary education and interm ediate vocational education; high=higher secondary 

education, higher vocational education, university education, and scientific education; D e Bie, 

1987). Sex was included as an independent variable. 

 

Cognitive variables 

In order to obtain m ore insight into cognitive functions in older individuals, several cognitive 

tests were adm inistered to all participants. 

The Stroop Colour W ord Test (SCW T) involves three cards displaying a hundred 

stim uli each (Houx, Jolles, &  Vreeling, 1993; Stroop, 1935). The first card contains colour words 

printed in black ink, which have to be read. The second card contains coloured patches, which 

have to be nam ed. The last card displays colour nam es printed in incongruously coloured ink. 

Participants are instructed to nam e the ink colour of the printed words. By subtracting the 

tim e needed for the last part from  the m ean score of the first and second parts (SCW T-12), an 

interference score can be calculated (SCW T-i). This interference score can be regarded as a 

m easure of inhibition of a habitual response, which depends on executive functioning 

(Hanninen et al., 1997; M iyake et al., 2000).  

The Concept Shifting Task (CST) is a m odified version of the Trial M aking Test (Vink &  

Jolles, 1985). It consists of three parts. O n each test sheet, 16 sm all circles are grouped in a 

larger circle. The sm aller circles contain num bers, letters or both, appearing in a fixed random  

order. Participants are requested to cross out the item s in the right order. In the last part, 

participants have to alternate between num bers (1-8) and letters (A -H). The tim e needed to 

com plete each trial is scored. The difference between the last part and the m ean score of the 
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first and second parts (CST-ab) reflects the tim e for cognitive shifting (CST-i). Cognitive shifting 

or m ental set shifting is considered a part of executive functioning (M iyake et al., 2000). 

The Letter D igit Substitution Test (LD ST) is a m odified version of the Sym bol D igit 

M odalities Test (Lezak, 1995; Sm ith, 1968). A  code is presented at the top of a page, where a 

digit corresponds to a letter. The subject then has to fill in blank squares that correspond to 

the correct code. This test m easures the speed and efficiency of operations in working 

m em ory. 

The Visual Verbal Learning Test (VVLT) m easures intentional learning and verbal 

m em ory (Brand & Jolles, 1985). Fifteen m onosyllabic words are presented visually one after 

another and the subject is asked to recall as m any words as possible. This procedure is 

repeated five tim es. Because of ceiling effects in the last two trails, the total score of the first 

three trials is used as dependent variable. After 20 m inutes, delayed recall is tested. The VVLT 

m easures the ability to learn and retrieve new verbal inform ation from  m em ory. 

In the Verbal Fluency Test (Lezak, 1995), the subject is asked to produce as m any 

words as possible in a given category (anim als), within a fixed tim e. The variables of interest 

are the num ber of correctly nam ed anim als. The score can be seen as a m easure for adequate, 

strategy-driven retrieval of inform ation from  sem antic m em ory. Som e researchers used this 

test to m easure executive functions (Bryan &  Luszcz, 2000; Persad, Abeles, Zacks, &  D enburg, 

2002). 

 

Statistical analyses 

D ifferences in dem ographic variables (i.e. sex and educational level) between age groups were 

analysed with Chi-square tests. A  m ultivariate analysis of variance in which all independent 

variables were entered together (age class, sex, and education) was perform ed for each 

cognitive dependent variable. This analysis enabled us to exam ine the m ain effects of age, sex, 

and education. Furtherm ore, interactions between age on the one hand and sex or education 

on the other were explored. In order to com pare the cognitive variables over the four age 

groups, the raw scores of all cognitive variables were transform ed into Z-scores for the total 

group. M ultivariate analysis of variance was perform ed using all cognitive m easures. To 

com pare age-related differences between cognitive m easures, post-hoc contrast analysis was 

perform ed. In order to control the statistical error of m ultiple analyses, Bonferroni correction 

was applied, in which the alpha level (0.05) was divided by the num ber of statistical tests, 

where appropriate. Statistical analyses were perform ed using the SPSS program  for Apple 

M acintosh, version 10 (SPSS-Inc., Chicago). 
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Results 

 
The dem ographic characteristics of the study population are shown in Table 1. Chi-square 

tests showed that, as expected because of the applied stratification procedure, the age groups 

were com parable with respect to sex and education. 

 
 

Table1. D em ographic characteristics of the participants in the study by age groups 

 65 70 75 80 p-value 

N 164 166 173 75  

Sex (%  m an) 50.0%  51.8%  50.3%  49.3%  0.98 

Education (1-3) 

%  low  

%  m iddle 

%  high 

 

59.8%  

25.0%  

15.2%  

 

58.4%  

25.9%  

15.7%  

 

60.5%  

23.3%  

16.3%  

 

67.6%  

9.5%  

23.0%  

0.14 

 

 

Table 2 sum m arises standardised adjusted m eans of cognitive outcom e m easures by 

age group. Analysis of variance showed that the age groups differed significantly on all 

cognitive m easures (p<0.01). In these tests, F-values were 4.4 or higher, indicating strong age-

related differences.  

 
 

Table 2. Adjusted m eans of cognitive perform ance by age-groups 

 65 70 75 80  

N 164 164 169 72  

SCW T      

 SCW T-12 a  53.8 54.0 57.8 59.5 *** 

 SCW T-i a 53.5 61.0 67.0 86.7 *** 

CST      

 CST-ab a  27.5 28.9 31.4 34.2 *** 

 CST-i a 14.6 18.2 19.2 21.4 ** 

      

LD ST 40.9 39.3 36.2 32.7 *** 

VV LT      

 Im m ediate recall 21.1 19.8 18.2 16.1 *** 

 D elayed recall 8.8 7.8 7.2 5.8 *** 

      

Fluency  22.7 21.7 20.2 19.8 *** 

Notes: SCW T= Stroop Colour W ord Test; CST = Concept Shifting Task; LD ST = Letter D igit Substitution Test; 
VVLT = Visual Verbal Learning Test. 
a Higher scores reflect poorer perform ance 
**p<0.01; ***p<0.001 
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In order to better illustrate the strong age-related cognitive differences, the 

differences in standardised cognitive perform ance were calculated for each age group, using 

the youngest age group as a reference group (Figure 1). M ultivariate analysis including all 

cognitive m easures (standardised) was perform ed in order to exam ine whether the 

perform ance of the various age groups was significantly different for the various cognitive 

m easures. The m ain effect of type of test was not significant (F (7,524)=1.35, p=0.23), because 

of standardisation. The interaction between type of test and age group was significant (F 

(21,1568)=1.71, p=0.03). Specified contrasts showed that the differences between the age 

groups in verbal fluency (F(3,534)=3.08, p=0.03) and CST-i (F(3,534)=2.78, p=0.04) were 

significantly less pronounced than for the other cognitive m easures. In contrast, the 

differences between the age groups in SCW T-i perform ance were significantly m ore 

pronounced than for the other m easures (F(3,534)=2.96, p=0.03). 

 

 

 

 

 

 

 

 

 

 

 

In Table 3 the adjusted m eans of cognitive perform ance are presented by 

educational level and sex. For all cognitive dom ains, scores were higher for higher levels of 

educational attainm ent (p<0.01). F-values were 6.0 or higher for all tests. Scheffé post hoc tests 

revealed that participants with a m iddle or high level of education perform ed better than 

participants with a low level of education. The cognitive perform ance of individuals with a 

m iddle or high level of education was not different. This finding applied to m ost (SCW T-12, 

SCW T-i, CST-ab, VVLT, LD ST, fluency), but not all (CST-i) cognitive tests (see Figure 2). A  

different pattern was found for sex. W om en perform ed better than m en on two cognitive 

outcom e m easures, nam ely, im m ediate recall (F(3,552)=35.20, p<0.01) and delayed recall 

(F(3,551)=47.98, p<0.01) of the verbal learning test. No sex differences were found for any of 

the other cognitive m easures. There was no interaction between age and education or sex. F-

values for interaction term s were 3.1 or lower. 
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Figure 1. D ifferences in average standardised cognitive perform ance scores between the youngest age 

class and each subsequent age class. 
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Table 3. Adjusted m eans of cognitive perform ance by level of education and sex 

 Education  Sex  

 Low  M iddle H igh  M ale Fem ale  

N 348 132 96  292 286  

SCW T        

 SCW T-12 a 57.7  53.9 51.5 *** 56.7 54.9  

 SCW T-i a 69.0 56.6 54.4 *** 65.2 62.3  

CST        

 CST-ab a 31.7 27.9 26.2 *** 30.4 29.4  

 CST-i a 19.9 17.5 11.1 *** 17.6 18.1  

LD ST 35.1 41.4 43.9 *** 37.7 38.2  

VVLT recall        

 Im m ediate recall 18.5 19.8 20.8 *** 18.0 20.4 ** 

 D elayed recall 7.3 8.1 8.2 *** 6.9 8.5 ** 

Fluency 20.2 22.1 24.2 *** 21.3 21.4  

Notes: SCW T= Stroop Colour W ord Test; CST = Concept Shifting Task; LD ST = Letter D igit Substitution Test; 

VVLT= Visual Verbal Learning Test. 
a Higher scores reflect poorer perform ance 

**p<0.01; ***p<0.001 
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Figure 2. Perform ance on subtasks of Stroop Colour W ord Test (SCW T) and 

Concept Shifting Task (CST) by level of education and age class 

 



Chapter 2 

 

32 

D iscussion 

 

The m ain aim  of this study was to investigate whether the perform ance of individuals of 

different ages was sim ilar or different for tasks tapping different cognitive dom ains. Results 

showed that there were age-related differences in cognitive functioning on the various 

m easures of sim ple speed, com plex speed, and m em ory. This supports the notion that there is 

a general decline in cognitive functioning over the studied age range. Interestingly, 

differences between age groups were m ost pronounced for a task with an inhibitory 

com ponent. Because there is am ple evidence that inhibition processes are an inherent 

com ponent of executive functions (Hanninen et al., 1997; M iyake et al., 2000), the results 

suggest that there is indeed a differentiation in cognitive functions. It thus seem s that m ost 

aspects of cognitive functioning decline with age and that som e aspects, such as inhibition, 

decline at a faster rate. It is of interest to note that Zacks &  Hasher (1997) suggested that the 

dim inished ability to inhibit responses m ay explain the decreased m em ory perform ance across 

age groups. A  reduced ability to inhibit responses can result in irrelevant inform ation being 

retained in short-term  m em ory, which ham pers the storage of relevant long-term  m em ory. 

Thus, a pronounced deterioration in inhibitory functions can be regarded as an im portant 

determ inant of the well-known increased prevalence of m em ory com plaints in the older 

people (Ponds, Com m issaris, &  Jolles, 1997). W ith respect to the other functions tested, it is 

clearly evident that there is a differentiation with respect to the effect of age. Retrieval from  

long-term  sem antic m em ory as m easured by the fluency test is m ost resistant towards 

deterioration. A lso, concept shifting as m easured by the interference score of the CST 

deteriorated significantly less than other m easures. This indicates that the efficiency of set-

shifting and strategy-driven search in sem antic m em ory was less com prom ised than that of 

the other functions. Furtherm ore, the findings clearly show that executive functioning should 

not be regarded as a unitary concept. This is in line with the notion that executive functioning 

consists of m ultiple dim ensions, such as m ental set shifting, inform ation updating and 

m onitoring, and inhibition of responses (M iyake et al., 2000). The present data show that 

executive functions are affected differently by age in the older individuals. 

A  second goal of the present study was to exam ine the effect of education and sex 

on cognitive functioning in a large population of older participants. Both had a substantial 

effect on cognitive functioning. Participants with a m iddle or high level of education 

perform ed on m ost cognitive tests significantly better than participants with a low level of 

education. W e found no difference between m iddle and high levels of education. Previous 

research has also shown that cognitive test scores are strongly associated with level of 

education in a com m unity population of people older than 65 (Evans et al., 1993; Lyketsos et 



 Cognitive functioning in older adults 

 

33

al., 1999). An explanation for this education-cognition relation is that m ental stim ulation 

throughout life preserves cognitive function. It is likely that people who have had a higher 

level of education m ore often have occupations involving m ental stim ulation and are m ore 

likely to have m ore contact with people who have a greater form al education. This suggests 

that m ental stim ulation m ay underlie the reduced rate of deterioration in subjects with a 

m iddle or higher level of education. Interestingly, Bosm a et al. (2003) dem onstrated, using 

M AAS data of participants aged 50 years and older, that lim ited m ental dem ands at work 

am ong the poorly educated participants explained about 42%  of the education-cognition 

association. However, the exact (com bination of) m echanism s by which education contributes 

to cognitive function are not clear and future research should focus on this aspect. The M AAS 

provides the opportunity to investigate this issue in the future because of its longitudinal 

design and the large num ber of variables investigated that could explain the education-

cognition association. 

W e found no interaction between age and education, which suggests that in this 

sam ple there is no probable differential effect of educational level by age group. The finding 

that older adults with a low level of education appeared to perform  worse on several cognitive 

tests than participants with a m iddle or high level of education, m ay lead to a hypothesis with 

respect to the nature of education as a determ inant. The lack of difference between m iddle 

and high education shows that high education m ay be no protective factor. Conversely, low 

education m ay be a risk factor for cognitive decline. Longitudinal research on the relation 

between education and cognitive decline m ay confirm  this hypothesis. In line with the present 

interpretation, Lyketsos et al. (1999) showed in an 11.5-year follow-up study that a greater 

decline on a m easure of general cognitive capacity, the M ini-M ental State Exam ination, was 

associated with a lower level of education. Likewise, non-educated individuals appear to have 

a greater risk of suffering from  dem entia than educated individuals (Zhang et al., 1998). Since 

all these studies investigated general cognitive functioning, future studies should investigate 

specific cognitive dom ains in order to exam ine the longitudinal association between 

education and cognitive decline in m ore detail. 

W ith respect to the effects of sex, the results suggest that wom en perform  better 

than m en on m em ory tasks; however, sex differences were not evident for other cognitive 

dom ains, such as speed of inform ation processing and attention. A gain, interaction effects 

between age and sex were not statistically significant. The first result is consistent with earlier 

studies, which have shown that wom en outperform  m en on m em ory tests (M aitland, Intrieri, 

Schaie, &  W illis, 2000; Rabbitt, D onlan, W atson, M cInnes, &  Bent, 1995; Unverzagt, Hall, Torke, &  

Rediger, 1996). The better perform ance of wom en on m em ory tests m ay be related to higher 

verbal abilities because m ost m em ory tasks rely on verbal function (Herlitz, Nilsson, &  
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Backm an, 1997). Biological m echanism s, such as atherosclerosis, could also account for these 

differences (Van Exel et al., 2001). O ur findings that speed of inform ation processing and set 

shifting were not affected by sex support earlier findings (Lowe & Reynolds, 1999). Previous 

research has not shown sex differences in perceptual speed in old age, whereas in younger 

and m iddle aged groups wom en outperform  m en in this dom ain (M aitland et al., 2000). This 

change in perceptual speed with increasing age m ay be explained by a decrease in estrogen 

levels in older wom en after the m enopause. Studies have suggested that oestrogen 

replacem ent therapy can prom ote cognitive functions in older wom en (Hogervorst, 

Boshuisen, Riedel, W illeken, &  Jolles, 1999). 

In conclusion, differences in inhibitory processes, general speed, m em ory and 

learning were observed in healthy older adults (64-81 years). These age-related differences 

were m ost pronounced for functions related to inhibition. Furtherm ore, age-extrinsic factors, 

such as education and sex, had a profound influence on cognitive functioning. Therefore, the 

im pact of educational level and sex m ust be taken into account when investigating an 

individual's cognitive functioning. Since the ability to inhibit irrelevant stim uli is crucial to 

various functions, it is im portant that interventions for older adults focus on functions that 

underlie inhibition of responses. This is of im portance because it is at variance with the current 

practice, where m ost interventions for older adults have a strong em phasis on m em ory 

problem s and m em ory self-efficacy. Thus, courses should be designed for healthy elderly 

individuals, focusing on certain executive functions. This study highlights the im portance of 

focusing on inhibiting irrelevant stim uli. Future studies should evaluate relevant interventions 

in older adults, focusing on inhibiting irrelevant stim uli. 
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A bstract 

Age-extrinsic factors such as high blood pressure, diabetes, and heavy alcohol consum ption 

correlate with executive functioning in old age. However, it is not clear whether these factors 

are responsible for the finding that older persons perform  worse on executive function tests 

than younger individuals on cognitive tests. This study investigated biological and 

psychological factors that could m ediate the relationship between age and executive function. 

A  group of 838 healthy individuals in the age range 49 and 82 years were exam ined in a 

longitudinal study of cognitive aging (M aastricht Aging Study, M AAS). D ata from  baseline and 

3-year follow-up were included in the analyses. Linear regression m odels were used to 

com pare the effect of age on the decline in cognitive perform ance between m odels with and 

without control for 12 biological and 9 psychosocial factors. O f the factors investigated, only a 

higher prevalence of hypertension and a lower level of m em ory self-efficacy in the older 

individuals contributed to their poorer executive perform ance. The other factors m ade only a 

m arginal contribution to poorer executive function, above the factor age. Age-extrinsic factors 

such as those caused by illnesses or environm ent only m arginally explained why older 

individuals perform  worse on cognitive tests than younger people. However, the present 

findings underscore the notion that factors such as hypertension and m em ory self-efficacy 

should be evaluated with regard to im paired cognitive functioning in older individuals. 
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Introduction 

 

Cognitive functions tend to decline from  young adulthood onward. This decline is m ost 

pronounced for episodic m em ory, speed of inform ation processing, and executive functioning 

(Bryan &  Luszcz, 2000; Craik &  Salthouse, 2000; Houx, Jolles, &  Vreeling, 1993; Jolles, 1986). 

Executive functioning is im portant for goal-directed behaviour and is essential to m any 

aspects of daily life, such as m ental set shifting, inform ation updating and m onitoring, and 

inhibition of responses (Bell-M cG inty, Podell, Franzen, Baird, &  W illiam s, 2002; M iyake et al., 

2000). There is a paucity of data on whether there are factors, which influence this age-related 

decline. Yet, it is im portant to identify such factors because then appropriate interventions 

could be designed for older people with cognitive problem s and thereby prom ote successful 

cognitive aging. 

Previous studies have identified a num ber of factors that correlate with cognitive 

decline. Independent of age, low level of education is a strong and consistent predictor of 

cognitive decline (Bosm a, van Boxtel, Ponds, Houx, &  Jolles, 2003; Lyketsos, Chen, &  Anthony, 

1999). Furtherm ore, high blood pressure (Launer, M asaki, Petrovitch, Foley, &  Havlik, 1995), 

diabetes m ellitus (Van Boxtel et al., 1998), poor health (M cNeal et al., 2001), fam ily history of 

dem entia (Cervilla, Prince, Joels, Lovestone, &  M ann, 2000), pesticide exposure (Bosm a, van 

Boxtel, Ponds, Houx, &  Jolles, 2000), poor sensory functioning (Lindenberger & Baltes, 1994) 

and m ale sex (Van Exel et al., 2001) have been reported to be associated with cognitive 

decline. In addition, several psycho-social variables, such as depression (Com ijs, Jonker, 

Beekm an, &  D eeg, 2001), anxiety (G old &  Arbuckle, 1990), low self-efficacy (A lbert et al., 1995), 

alcohol consum ption (Cervilla et al., 2000), and disengagem ent (Bosm a et al., 2002) in 

otherwise healthy people appear to predict poor cognitive perform ance in old age, 

independently of age. Hence, cognitive decline is not only associated with age, but also with 

factors that m ay to som e extent be am enable to m odification and intervention. However, few 

studies have exam ined the contribution of such biological and psychosocial factors to the 

relationship between age and cognition, and executive functions in particular (Anstey, Lord, &  

W illiam s, 1997; Anstey, Stankov, &  Lord, 1993). The scant research investigating this 

contribution is prim arily concerned with m em ory function or intelligence (Anstey et al., 1993; 

Luszcz, Bryan, &  Kent, 1997; W est, Crook, &  Barron, 1992; Zelinski, G ilewski, &  Schaie, 1993). To 

our knowledge, no study has actually focused on executive functioning and exam ined the 

potential contribution of biological and psychosocial factors to the relation between old age 

and the decrease in executive functioning. 

U sing data from  the longitudinal M aastricht Aging Study (M AAS; (Jolles, Houx, van 

Boxtel, &  Ponds, 1995; Van Boxtel et al., 1998)), the present study selected several factors, that 



Chapter 3 

 

40 

are known to be associated with cognitive function, and investigated their contribution to the 

relation between old age and declining executive functioning. M ore specifically, 12 biological 

and 9 psychosocial factors were exam ined for their potential role as m ediators in the relation 

between age and executive functioning. Their effect on m em ory function was also 

investigated, to determ ine whether they affected executive functioning and m em ory in a 

sim ilar fashion. 

 

 

M ethods 

 

Study population 

M AAS is a large-scale population study of the determ inants and consequences of pathological 

and successful aging and of cognitive functioning in particular. M AAS consists of a large-scale 

cross-sectional part (n = 3,449) and an in-depth m edical and neuropsychological longitudinal 

part am ong a sm aller group of people (n = 1,823). The latter group was selected from  the 

large-scale cross-sectional part. Participants were selected from  a register of 15 collaborating 

fam ily practices in the south of the Netherlands (Registration Network Fam ily Practices: 

M etsem akers et al., 1992). These m en and wom en, aged 24 to 81, were without m edical 

conditions known to interfere with norm al cognitive dysfunction (e.g. dem entia, m ental 

retardation, and cerebrovascular pathology). The baseline phase took place between 1993 and 

1995. D etails on the cross-sectional part can be found elsewhere (Jolles et al., 1995; Van Boxtel 

et al., 1998). Three years later (1996 – 1998), all participants aged 50 years or older and tested 

at baseline (n = 1,069) were again invited for a reassessm ent. As a result of refusal (n =  138), 

death (n =  50), and loss-to-follow-up (n =  43), 838 people (78 percent) were actually tested. 

 

M easures 

Age was represented as a categorical variable with the following three groups: young-old (50 

through 60 years), m iddle-old (61 through 70 years), and old-old (71 through 81 years). 

 

Cognitive variables 

The Stroop Colour W ord Test was used to evaluate executive functioning. This test involves 

three cards displaying 100 stim uli each. The first card contains colour words printed in black 

ink, which have to be read. The second card contains coloured patches, which have to be 

nam ed. The third card displays colour nam es printed in incongruously coloured ink. Subjects 

were instructed to nam e the ink colour of the printed words. By subtracting the tim e needed 
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for the last part from  the m ean score of the first and second parts, an interference score can be 

calculated (SCW T-i). This interference score is a m easure of inhibition of a habitual response, 

which can be considered an aspect of executive function (Ham m es, 1973; Houx &  Jolles, 1993; 

Stroop, 1935). 

Intentional learning and verbal m em ory were evaluated with the Visual Verbal 

Learning Test (Brand &  Jolles, 1985). Fifteen m onosyllabic words are presented one after 

another and the subject is asked to recall as m any words as possible. This procedure is 

repeated five tim es. Because of ceiling effects in the last two trails, the total score of the first 

three trials is used as dependent variable. After 20 m inutes, delayed recall is tested. 

 

Biological factors 

The following biological variables were used. 1) Sex (m ,f). 2) Hypertension (no, yes), defined as 

a diastolic blood pressure higher than 94 m m Hg or a systolic blood pressure higher than 159 

m m Hg, or use of antihypertensive drugs (for a detailed m ethod see (Van Boxtel, 1997)). 3) 

D iabetes (no, yes), defined by the use of diabetic drugs. 4) Head traum a (no, yes), based on 

self-report in a structured questionnaire of such an event in com bination with a loss of 

consciousness or posttraum atic am nesia. 5) Self-rated health, determ ined by asking 

respondents “How would you describe your health?”. This item  has five response categories 

ranging from  extrem ely good (1) to extrem ely poor (5). 6) Fam ily history of dem entia (no, yes), 

defined by the presence of dem entia in either of the parents as reported by the participants. 7) 

Intellectual ability, determ ined by using the vocabulary sub-task of the G roninger Intelligence 

Test (G IT; (Luteijn &  van der Ploeg, 1983)). This subtask is a m ultiple-choice test for 

“crystallized” intellectual abilities. The subject is asked to indicate which of five alternate words 

is the exact synonym  of a given word. The score ranges theoretically from  0 to 20. 8) D rug use 

(no, yes), defined by respondent reported use of cardiovascular drugs, drugs affecting the 

central nervous system  (e.g. antidepressants), or other drugs with likely neurological or 

cognitive effects. 9) Pesticide exposure (no, yes), determ ined by asking whether respondents 

had been frequently exposed to pesticides at work or while pursuing a hobby (for details see 

(Bosm a et al., 2000)). 10) Hearing im pairm ent (no, yes), based on whether respondents 

considered they were able to hear well (using a hearing aid, if necessary (Van Boxtel et al., 

2000)). 11) Vision im pairm ent (no, yes), based on whether respondents considered they were 

able to see well (with appropriate spectacles, if needed (Van Boxtel, ten Tusscher, 

M etsem akers, W illem s, &  Jolles, 2001)). 12) Body m ass index (BM I), com puted by m easuring the 

persons’ weight (in kilogram s) and height (in m eter) and subsequently com puting BM I=weight 

/ (height)2. 
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Psychosocial factors 

Sym ptom s of 1) depression and 2) anxiety were determ ined with the respective subscales of 

the Sym ptom -Check-List 90 (SCL-90). The SCL-90 is a widely used m ultidim ensional checklist 

for psychopathological com plaints (Arrindell &  Ettem a, 1986; D erogatis, 1977). The theoretical 

score for depression ranges from  0 (good) to 80 (poor). For anxiety, the theoretical score 

ranges from  0 (good) to 50 (poor). 3) Life-Events (no, yes) were scored by whether or not 

respondents reported having experienced one or m ore significant life-events in the past year, 

such as divorce or separation, change of residence, or a serious accident. 4) Level of education 

was m easured on an 8-point scale, ranging from  prim ary education to higher vocational 

training or university (D e Bie, 1987). 5) M arital status was determ ined by asking respondents 

whether or not they were m arried. 6) M em ory-self-efficacy was com puted by using the 

M etam em ory in Adulthood Q uestionnaire (M IA; (D ixon, Hultsch, &  Hertzog, 1988; Ponds &  

Jolles, 1994)). The M IA  is a m ultidim ensional questionnaire in which individuals are asked to 

rate statem ents describing their m em ory functioning and their knowledge of general m em ory 

processes. Scores range from  3 to 15, in which lower scores indicate low perceived m em ory 

capacity. 7) Sm oking (no, yes) was m easured by asking whether or not respondents currently 

sm oked. 8) A lcohol consum ption (m ean) was determ ined by asking respondents how m any 

alcohol-containing beverages they consum ed per week. 9) D isengagem ent (no, yes) was 

defined by evaluation whether or not subjects engaged in social, physical, or m ental activities 

(Bosm a et al., 2003).  

 

D ata analysis 

The first analysis evaluated effects of age on cognitive perform ance. Linear regression analyses 

were used both cross-sectionally and longitudinally. In the longitudinal analyses, cognitive 

perform ance at baseline and the interval between baseline and follow-up (M = 1149.1 num ber 

of days; SD = 78.9) were included as covariates. Then the association between age and the 

biological and psychosocial factors was determ ined. Chi-square statistics were used to test for 

differences in categorical variables. For continuous variables, analyses of variance were 

perform ed. A  third analysis evaluated the contribution of age-extrinsic factors to the age-

cognitive perform ance association. This was done by adding the separate biological and 

psychosocial factors to the m odel in which cognitive function was regressed on age. The 

percent decline in strength of the age-cognitive perform ance association (derived from  

unstandardised regression coefficients) was taken as a m easure of the relative contribution of 

the individual factors. The statistical assum ptions for regression analyses were tested and 

appeared to be satisfied, with respect to norm ality of param eter distributions, and the absence 
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of influential cases and outliers. Statistical analyses were perform ed using SPSS for M acintosh, 

version 10 (SPSS-Inc., Chicago). 

 

 

Results 

 

Com pared with younger individuals, older individuals perform ed less well, both at baseline 

and during the 3-year follow-up period. A t baseline, the old-old group took 22.04 seconds 

longer to com plete the SCW T-i than the youngest group. Com pared to the change in 

perform ance between baseline and follow-up in young-old people, the change in 

perform ance of the m iddle-old people on the SCW T-i declined 6.05 seconds m ore (p=0.001) 

and the score of old-old individuals decreased 13.61 seconds m ore (p<0.001). Considering the 

VVLT im m ediate recall, perform ance of m iddle-old adults declined 1.48 words m ore and 

perform ance of old-old participants declined 3.08 words m ore com pared with the change in 

young-old individuals. Corresponding cross-sectional differences were 1.75 and 4.62. 

Table 1 shows the association between age and the biological and psychosocial 

factors. Several biological factors were adversely related with older age. Being older was 

associated with a higher prevalence of hypertension (p<0.001), diabetes (p<0.01), drug use 

(p<0.001), and sensory im pairm ent (hearing: p=0.01; vision p=0.02). M iddle-old individuals 

reported the presence of dem entia in either of their parents (25.6% ) m ore often than did the 

young-old (15.2% ) and the old-old people (14.1% ). Several psychosocial factors were also 

adversely associated with older age. The proportion of m arried people (p<0.001) and the 

m ean level of education (p<0.001) decreased with age. M em ory self-efficacy also decreased 

with age (p<0.01). Furtherm ore, older adults sm oked less often (p<0.001), consum ed less 

alcohol (p=0.03) and showed less engagem ent in activities (p<0.01). For exam ple, 20.9%  of the 

old-old people did not engage in activities, com pared with 15.2%  of the young-old people and 

10.7%  of the m iddle-old individuals. Finally, older age was associated with fewer depression 

related sym ptom s (p<0.01), fewer anxiety related sym ptom s (p=0.02), and fewer life events in 

the past year (p<0.001). 
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Table 1 Relation between age and biological and psychosocial factors 

 Age group Total P-value 

 Young-old M iddle-

old 

O ld-old   

N 315 289 234 838  

Biological factors 

Sex (% ) m en  53.7  53.3  48.3  52.0  

Hypertension (% )  34.3  57.1  68.8  51.8 ** 

D iabetes (% )    2.3    5.6    8.5    5.1 * 

Head traum a (% )    2.9    2.8    3.8    3.1  

Self-rated health (m ean)    3.8    3.6    3.7    3.7  

Fam ily history dem entia (% )  15.2  25.6  14.1  18.5 ** 

Intellectual ability (m ean)  13.7  13.5  13.5  13.6  

D rug use (% )  38.4  51.2  61.5  49.3 ** 

Pesticide exposure (% )    1.7    2.9    1.9    2.1  

Hearing im pairm ent (% )  10.2  11.5  18.5  12.9 * 

Vision im pairm ent (% )    1.3    4.5    5.6    3.6 * 

BM I (m ean)  27.6  27.8  27.6  27.6  

Psycho-social factors 

D epression (m ean)  21.5  20.9  19.7  20.8 * 

Anxiety (m ean)  13.1  12.7  12.1  12.7 * 

Life-events (% )  66.3  59.5  46.2  58.4 ** 

Level of education (m ean)    3.3    2.8    2.8    3.0 ** 

M arital status (%  not 

m arried) 

 11.5  16.3  37.6  20.4 ** 

M em ory self-efficacy (m ean)    9.5    9.2    9.0    9.3 * 

Sm oking  (% )  31.5  23.0  14.0  23.7 ** 

A lcohol consum ption 

(m ean) 

   6.7    5.2    4.9    5.7 * 

D isengagem ent (% )  15.2  10.7  20.9  15.3 * 

Reported are m eans of the factors by age group and the significance of group differences (ANO VA , or Chi2, 

where appropriate). 

*p ≤ 0.05; **p ≤  0.01 

 

 
Table 2 shows the contribution of the biological and psychosocial factors to the age-

related change in the SCW T-i score, both cross-sectionally and longitudinally. In the cross-

sectional analyses, the contribution of the factors to the association between change in SCW T-i 

perform ance and age varied between 0%  and 24% . For exam ple, the basic age regression 

m odel revealed that the perform ance on SCW T-i of the old-old individuals was 22.04 seconds 

slower than that of the young-old individuals. After controlling for hypertension status, the 

regression coefficient for the old-old people decreased to 21.5, indicating that they took 21.5 
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seconds longer to perform  the test than young-old individuals. The higher prevalence of 

hypertension in the old-old group thus partially explained (i.e. 2%  (22.0-21.5)/22.0) the basic 

age effect. O verall, the contribution of hypertension, diabetes, intellectual ability, hearing 

im pairm ent, educational level, m arital status and m em ory self-efficacy was m ost pronounced. 

 

 

Table 2. Contributions of the biological and psychosocial factors to the association between 

age and executive functioning. 

 SCW T-i 

 Cross-sectional Longitudinal 

 M iddle-old O ld-old M iddle-old O ld-old 

Basic age m odel  7.12  22.04  6.05  13.61 

Biological factors     

Sex (m en)  7.13 (-)  22.11 (-)  6.09 (-)  13.84 (-) 

Hypertension  6.76 (5)  21.49 (2)  5.36 (11)  12.62 (7) 

D iabetes  6.82 (4)  21.39 (3)  5.96 (1)  13.46 (1) 

Head traum a  7.08 (1)  22.00 (0)  6.08 (-)  13.65 (-) 

Self-rated health  6.83 (4)  21.87 (1)  5.97 (1)  13.60 (0) 

Fam ily history of dem entia   6.81 (4)  22.06 (-)  5.76 (5)  13.70 (-) 

Intellectual ability   6.72 (6)  21.53 (2)  6.07 (-)  13.72 (-) 

D rug use  7.11 (0)  22.01 (0)  6.08 (-)  13.66 (-) 

Pesticide exposure   7.02 (1)  22.02 (0)  6.01 (1)  13.65 (-) 

Hearing im pairm ent   6.75 (5)  21.72 (1)  6.18 (-)  12.94 (5) 

Vision im pairm ent   7.10 (-)  22.02 (0)  5.83 (4)  13.37 (2) 

BM I   7.04 (1)  22.05 (-)  6.05 (0)  13.62 (-) 

Psycho-social factors     

D epression  6.62 (7)  23.04 (-)  6.13 (-)  11.63 (15) 

Anxiety  6.49 (9)  22.12 (-)  6.16 (-)  11.81 (13) 

Life-events  7.10 (0)  21.97 (0)  5.97 (1)  13.36 (2) 

Level of education  5.44 (24)  20.25 (8)  5.95 (2)  13.58 (0) 

M arital status (not 

m arried) 

 6.78 (5)  20.60 (7)  6.15 (-)  14.47 (-) 

M em ory self efficacy   6.06 (15)  21.42 (3)  5.57 (8)  12.33 (9) 

Sm oking  7.29 (-)  22.98 (-)  6.07 (-)  13.45 (1) 

A lcohol consum ption  6.92 (3)  21.72 (1)  6.23 (-)  13.84 (-) 

D isengagem ent  7.42 (-)  21.59 (2)  6.14 (-)  13.58 (0) 

A ll coefficients were significant at the p<0.01 level. 
Contribution of each factor (expressed as a percentage) is displayed between brackets. No value (i.e. “-“) 
was entered in case of no contribution. The contribution was calculated by subtracting the coefficient of 
age in the basic age m odel from  the coefficient of age in the m odel with the additional factor. 
Subsequently, this subtraction was divided by the coefficient of age in the basic age m odel and m ultiplied 
by 100. 
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In the longitudinal analyses, hypertension (7-11% ) and m em ory self-efficacy (8-9% ) 

contributed the m ost to the age-related cognitive decline. The change in SCW T-I perform ance 

was 13.61 seconds worse for old-old people than in the young-old people. Again, after 

controlling for hypertension status, the change in SCW T-I perform ance of the old-old group 

was 12.6 seconds worse than that of the change in young-old people. Hypertension thus 

accounted for 7%  of the association between change in SCW T-I perform ance and age. 

Interestingly, the contribution of education was m ore pronounced cross-sectionally than 

longitudinally, which m ay be due to a cohort effect. In both the cross-sectional and 

longitudinal analyses, the contribution of depression and anxiety was m oderate (7-15% ). 

However, this contribution was not relevant because the old-old people reported fewer 

depressive and anxiety com plaints (see Table 1). O verall, the variables that did have som e 

effect were hypertension and m em ory self-efficacy. O ther factors did not substantially 

contribute to age-related change in SCW T-I. O n average less than 10%  of the age effect could 

be explained by m ediating factors. 

Inclusion of all biological factors in the longitudinal basic age regression m odel 

reduced the association between age and change in SCW T-i perform ance from  13.6 seconds to 

12.4 seconds (9%  reduction). Inclusion of all psychosocial factors in the m ain m odel decreased 

the association from  13.6 seconds to 11.1 seconds (18%  reduction). If hypertension and 

m em ory self-efficacy were entered sim ultaneously, the unstandardised coefficient decreased 

from  13.6 seconds to 11.3 seconds (17%  reduction). Sim ilar results were obtained in analyses 

with age as a continuous variable. W hen the analyses were repeated with other m easures of 

executive functioning (the Fluency task (Lezak, 1995) or the interference score of the Concept 

shifting task (Vink &  Jolles, 1985)), or m easures of general speed of inform ation processing 

(m ean score of the first and second card of the SCW T), the results were essentially the sam e 

(data not shown). 

Biological and psychosocial factors contributed on average less than 9%  to the 

association between VVLT im m ediate recall perform ance and age in the cross-sectional and 

longitudinal analyses (see Table 3). The factors that m arginally predicted age-associated 

cognitive change were hypertension (4-9% ), level of education (3-15% ) and m em ory self-

efficacy (3-9% ). 
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Table 3. Contributions of the biological and psychosocial factors to the association between 

age and m em ory functioning 

 Cross-sectional Longitudinal 

 M iddle-old O ld-old M iddle-old O ld-old 

Basic age m odel  -1.75  -4.62  -1.48  -3.08 

Biological factors   

Sex (m en)  -1.76 (-)  -4.72 (-)  -1.50 (-)  -3.13 (-) 

Hypertension  -1.64 (6)  -4.44 (4)  -1.34 (9)  -2.86 (7) 

D iabetes  -1.67 (5)  -4.47 (3)  -1.48 (0)  -3.07 (0) 

Head traum a  -1.75 (-)  -4.61 (0)  -1.47 (1)  -3.06 (1) 

Self-rated health  -1.65 (6)  -4.56 (1)  -1.46 (1)  -3.08 (0) 

Fam ily history of dem entia   -1.78 (-)  -4.61 (0)  -1.46 (1)  -3.08 (0) 

Intellectual ability   -1.69 (3)  -4.55 (2)  -1.52 (-)  -3.22 (-) 

D rug use  -1.71 (2)  -4.55 (2)  -1.46 (1)  -3.03 (2) 

Pesticide exposure   -1.73 (1)  -4.62 (0)  -1.48 (0)  -3.08 (0) 

Hearing im pairm ent   -1.70 (3)  -4.63 (-)  -1.51 (-)  -3.01 (2) 

Vision im pairm ent   -1.78 (-)  -4.66 (-)  -1.42 (4)  -2.96 (4) 

BM I   -1.76 (-)  -4.63 (-)  -1.48 (0)  -3.07 (0) 

Psycho-social factors  
 

D epression  -1.83 (-)  -4.52 (2)  -1.46 (1)  -3.18 (0) 

Anxiety  -1.83 (-)  -4.54 (2)  -1.44 (3)  -3.13 (0) 

Life-events  -1.77 (-)  -4.69 (-)  -1.50 (0)  -3.11 (0) 

Level of education  -1.49 (15)  -4.35 (-)  -1.35 (9)  -2.99 (3) 

M arital status (not m arried)  -1.78 (-)  -4.69 (-)  -1.46 (2)  -3.01 (2) 

M em ory self efficacy   -1.60 (9)  -4.35 (6)  -1.43 (3)  -2.96 (4) 

Sm oking  -1.76 (-)  -4.62 (-)  -1.44 (3)  -2.99 (3) 

A lcohol consum ption  -1.81 (-)  -4.70 (-)  -1.43 (4)  -3.02 (2) 

D isengagem ent  -1.81 (-)  -4.55 (2)  -1.55 (0)  -3.12 (0) 

A ll coefficients were significant at the p<0.01 level. 

Contribution of each factor (expressed as a percentages) is displayed between brackets. No value (i.e. “-“) 

was entered in case of no contribution. The contribution was calculated by subtracting the coefficient of 

age in the basic age m odel from  the coefficient of age in the m odel with the additional factor. 

Subsequently, this subtraction was divided by the coefficient of age in the basic age m odel and m ultiplied 

by 100. 

 

 

 

D iscussion 

 

The purpose of the present study was to identify factors that potentially explain why older 

individuals perform  worse on tests of executive functioning than younger individuals. The 

findings indicate that m ost factors, such as diabetes, self-rated poor health, drug use, low 



Chapter 3 

 

48 

intellectual ability, depression, and low level of education, contributed very little to the 

confirm ed worse cognitive perform ance of older adults. O n average, potential m ediating 

factors accounted for less than 10%  of the association between old age and dim inished 

executive functioning. Som e factors contributed m arginally to age-related changes in 

executive functioning. O lder individuals m ore often have hypertension and low m em ory self-

efficacy, and these two variables partially explained why they perform  worse on tests of 

executive function. Therefore, interventions focusing on these factors m ay have som e 

potential for im proving executive functioning in older people. 

Studies exam ining age-related differences in m em ory tasks perform ance have also 

revealed a m inor contribution of biological and psychosocial factors to age-related cognitive 

change (A nstey et al., 1993; Luszcz et al., 1997; W est et al., 1992; Zelinski et al., 1993). For 

exam ple, W est and colleagues (1992) investigated in healthy adults aged 18 to 90 years 

whether several variables, such as education, depression, and sex, m ediated the effect of age 

on the perform ance of m em ory tests. They concluded that age rem ains the best overall 

predictor of m em ory perform ance. O ur findings for m em ory corroborated the above-

m entioned studies in that the contribution of the age-extrinsic factors to age-related m em ory 

change appeared to be m inor. A  higher prevalence of hypertension and low m em ory self-

efficacy in the old-old individuals partially explained the poorer m em ory function of this 

group. Hence, the relatively low contributions of age-extrinsic factors to the age - cognition 

relation are evident on both cognitive dom ains (m em ory or executive function). 

According to Busse (1969), a distinction can be m ade between prim ary aging and 

secondary aging. Prim ary aging refers to changes intrinsic to the aging process. Secondary 

aging is defined as changes caused by traum a and disease that are correlated with age but 

which m ay be reversible or preventable. W ith this in m ind, the results of this study suggest 

that variables of secondary aging have only a m inor influence on executive functioning and 

that age per se m ay be the best predictor of cognitive decline. This raises the question what 

prim ary aging actually is and how it should be m easured. Reduced brain efficiency of older 

persons can be the result of physiological changes in the blood supply to the brain and/or to 

decreased efficiency of the transportation of substances which are essential to brain 

functioning. These physiological changes eventually give rise to a loss of dendritic extensions, 

to a decrease in the num ber of synapses, and to a reduction in cellular m echanism s that 

support the synthesis and transm ission of various neurotransm itters (Tisserand et al., 2002; 

W est, 1996). Further research should be devoted to the evaluation of the prim ary m echanism s 

involved. 

A  strong point of this study was the availability of a large num ber of healthy m iddle-

aged to very old subjects and data on a substantial num ber of biological and psychosocial 
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factors. However, som e relevant factors were not included in this study, for exam ple 

Apolipoprotein-E genotype (Anstey &  Christensen, 2000; M cNeal et al., 2001; Swan &  Carm elli, 

2002). Previous research has shown that ApoE4 is associated with cognitive change and early 

onset of A lzheim er's disease. Another m ethodological consideration is that som e factors, such 

as diabetes and sensory im pairm ents, were m easured by self-report, which m ay not 

adequately reflect these im pairm ents. Lastly, the 3-year follow-up period of this study is 

relatively short, and longer follow-up intervals m ay be needed to confirm  or refute the present 

findings. 

In conclusion, our findings suggest that biological and psychosocial factors only 

m arginally explain why executive functioning is worse in older people than in younger people. 

This m ay provide support for the hypothesis of prim ary aging, which states that changes 

intrinsic to the aging process are responsible for the decline in cognitive functioning, notably 

executive functioning and m em ory. 
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A bstract 

The aim  of this study was to determ ine whether health status (i.e. physical, social and 

psychological functioning) can predict 6-year cognitive decline in older adults and to explore 

the relative contribution of the com ponents of health status to long-term  changes in cognitive 

perform ance. A  group of 669 participants aged 60 to 81 was recruited from  a longitudinal 

study (M aastricht Aging Study). A  poor health status was related to poor cognitive functioning 

and to cognitive decline 6 years later. Physical, social, and psychological functioning were 

related to several m easures of cognitive functioning at baseline. Psychological functioning at 

baseline was related to m em ory functioning 6 years later. In conclusion, poor psychological 

functioning, rather than poor physical and poor social functioning m ay have the strongest 

im plications for long term  cognitive functioning in older m en and wom en.  
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Introduction 

 

In view of the substantial heterogeneity and range in functioning observed in com m unity 

based populations, Rowe et al. (1987) proposed that norm ally aging people should be 

subdivided into a group that functions at a norm al level and a group that functions at an 

optim al level. They used the term  'successful aging' to denote the latter group. In order to 

increase the chances of a long, active and independent life, m ore knowledge about factors 

that are associated with optim al functioning in old age is needed. In order to reveal such 

factors, it is worthwhile to focus on people that are functioning at high levels on physical, 

psychological and social aspects. These three aspects determ ine the health status of an 

individual according to the long-standing definition by the W orld Health O rganization (1948). 

Several studies have focused on factors that are related to high functioning within different 

functional dom ains. For exam ple, older people who function at a high level are m ore likely to 

be highly educated and to have a high incom e (Fisher, 1995; Jorm  et al., 1998; Vaillant &  

M ukam al, 2001). Furtherm ore, a high level of general functioning is suggested to be positively 

associated with high cognitive functioning or is even seen as an aspect of a high level of 

general functioning (Berkm an et al., 1993; Rowe & Kahn, 1997). D espite these suggestions few 

studies have exam ined in depth the relationship between general high functioning and 

cognitive perform ance. 

In old age, m any cognitive functions decline, such as explicit m em ory, executive 

functions, and speed of inform ation processing (Bryan &  Luszcz, 2000; Houx, Jolles, &  Vreeling, 

1993; Jolles, Verhey, Riedel, &  Houx, 1995). Typically, differences in cognitive perform ances 

between individuals becom e m ore pronounced as people age (Bryan &  Luszcz, 2000; Houx &  

Jolles, 1993; Jolles, Houx, Vreeling, &  Verhey, 1993; Salthouse, 1998). W hile older people m ay 

function within the range of perform ance of young individuals on several cognitive dom ains, 

they m ore often perform  on a lower level than their younger counterparts. In order to 

determ ine the specific characteristics of individuals with a high level of general functioning, it 

is of scientific and applied interest to know whether such individuals also perform  better on 

cognitive tests. 

Previous studies have identified associations between one of the three com ponents 

of health status (i.e. physical, social and psychological functioning) and cognitive functioning 

(Bosm a, van Boxtel, Ponds, Houx, &  Jolles, 2003; Christensen et al., 1996; Jorm , 2000; M cNeal et 

al., 2001). For exam ple, com plaints about m ood, related to depression, have been associated 

with a decline in speed of inform ation processing over a 3-year period in healthy older adults 

(Com ijs, Jonker, Beekm an, &  D eeg, 2001). An explanation for this finding is that people who are 

anxious or depressed m ay be less m otivated and have m ore worries and other intrusive 
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thoughts that com pete for resources in working m em ory, resulting in a poor perform ance on 

cognitive tasks (Eysenck, 1992). Another explanation is that depression or anxiety initiates or 

accelerates neurodegenerative processes (Yaffe et al., 1999) or is a reaction to a perceived 

deterioration in cognitive function (Paterniti, Verdier-Taillefer, D ufouil, &  A lperovitch, 2002; 

Stewart, 2004; W ilson, M endes D e Leon, Bennett, Bienias, &  Evans, 2004).  

Psychosocial factors, such as lifestyle and em otional support, also appeared to have a 

profound influence on age-related cognitive decline in m iddle- and old-aged, non-dem ented 

people (Bosm a et al., 2003; Seem an, Lusignolo, A lbert, &  Berkm an, 2001). For exam ple, Seem an 

et al. (2001) dem onstrated in 1189 adults aged 70-79 that m ore em otional support was 

associated with a better score on tasks assessing m ultiple cognitive dom ains, such as 

language, abstraction, and m em ory. People who take part in challenging activities keep using 

cognitive strategies and m echanism s that prom ote stability or even enhance cognitive 

functioning (Hultsch, Ham m er, &  Sm all, 1993, Hill, 1995). It is therefore not expected that social 

functioning would be associated with a certain aspect of cognitive functioning. 

Poor physical function, as indexed by self-rated health (Earles, Connor, Sm ith, &  Park, 

1997; Hultsch et al., 1993; Perlm utter &  Nyquist, 1990) (Van Boxtel, Langerak, Houx, &  Jolles, 

1996), was found to be related to poor perform ance on neuropsychological tests in a healthy 

population. In a study of 488 com m unity dwelling adults aged 70-79, Tabbarah et al. (2002) 

showed that decline on a broad range of cognitive m easures was associated with declines in 

physical tasks, such as standing a single leg or walking at a norm al pace (Tabbarah, Crim m ins, 

&  Seem an, 2002). It was suggested that physical functioning m ay influence basic biological 

m echanism s, such as lim b strength and aerobic capacity and as a consequence m ay affect in 

particular basic cognitive processes, such as speeded task perform ance (Hultsch et al., 1993). 

A  lim itation of these studies is that they highlighted only one aspect of physical, 

psychological, or social functioning. W hether a high level of functioning on a com bination of 

these three dom ains is related to better cognitive functioning in older individuals has not been 

investigated, neither has the relative im portance of these three dom ains been explored with 

respect to cognitive functioning. W e sought to address this by investigating whether health 

status (a com bination of physical, psychological and social functioning) is related to cognitive 

functioning and cognitive change over a 6-year period in a large population sam ple aged 60 

years and older derived from  the M aastricht Aging Study. W e also studied whether the three 

com ponents have a sim ilar independent predictive power regarding cognitive perform ance. 
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M ethods 

 

Participants 

The data used in the present study were derived from  the M aastricht A ging Study, a 

longitudinal study exam ining determ inants of norm al cognitive aging. Participants were 

recruited from  the Registration Network Fam ily Practices (RNH), a sam ple fram e for research in 

prim ary care (M etsem akers, Höppener, Knottnerus, Kocken, &  Lim onard, 1992). These m en and 

wom en, aged 24 to 81 at the m om ent of inclusion, were without m edical conditions known to 

interfere with norm al cognitive function (e.g. dem entia, m ental retardation, or cerebrovascular 

pathology). The study population was stratified for age group, sex, and general ability. In the 

baseline period between 1993 and 1995, 1,823 people underwent a cognitive and physical 

exam ination, (Jolles, Houx, van Boxtel, &  Ponds, 1995). Six years after the baseline 

m easurem ents, all participants were invited for a reassessm ent of neuropsychological 

function. D ue to refusal (n=275), death (n=116), loss to follow-up (n=37), and other reasons 

(n=19), in total 1,376 participants were actually tested (74% ). For the present study, only data 

for participants aged 60 years or older were used (n=669 (37%  of the total study population); 

335 m en, 334 wom en), because health and cognitive problem s occur m ore often, and are 

m ore severe, in this age group. D ata for participants with clinically verified m ajor depression or 

dem entia at 6-year follow-up were excluded from  further analyses (n=12, 1.8% ). The local 

m edical ethics com m ittee approved the study and all participants gave their inform ed 

consent. 

 

H ealth status 

The definition of health status was based on three com ponents: physical functioning, social 

functioning and psychological functioning (W orld Health O rganization, 1948). Physical 

functioning was m easured in term s of perceived health and problem s with instrum ental 

activities of daily living (IAD L). Perceived health was determ ined by asking respondents “how 

would you describe your health?”, with answers ranging from  extrem ely good (1) to extrem ely 

poor (5). Problem s with IAD L were m easured by asking the respondents whether they needed 

help with shopping, housekeeping, personal hygiene, dressing, and preparing m eals, with 

scores ranging from  0 (no help) to 10 (m axim um  help). Social functioning was defined by the 

num ber of hours per week a person was engaged in social activities at a club. Psychological 

functioning was determ ined by the subscales depression and anxiety of the Sym ptom -Check-

List 90 (SCL-90). The SCL-90 is a widely used m ultidim ensional checklist for psychopathological 
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com plaints (Arrindell &  Ettem a, 1986; D erogatis, 1977); scores range from  0 (good) to 80 (poor) 

for depression, and from  0 (good) to 50 (poor) for anxiety.  

In order to obtain a single score for health status, the five variables were first 

standardized (Z-scores). If two variables (e.g. self-rated health and IAD L) defined one 

com ponent (e.g. physical functioning), these were averaged in order to obtain equal weights 

for the three com ponents physical, social, and psychological functioning. A  single score for 

health status was calculated by adding the three com ponents. 

 

Cognitive variables 

A  broad range of cognitive tests was adm inistered to assess perceptual speed, speed of 

inform ation processing, cognitive flexibility, m em ory, and verbal fluency. These tests have 

been shown to be sensitive to age-related changes and subtle changes in health (Bosm a, van 

Boxtel, Ponds, Houx, &  Jolles, 2000; Salthouse, 1992; Van Boxtel et al., 1998; Van Boxtel et al., 

2000). 

The Stroop Colour-W ord Test (SCW T) is a m easure of selective attention and speed of 

inform ation processing. This test involves three cards displaying 100 stim uli each (Houx &  

Jolles, 1993; Stroop, 1935). The first card contains colour words printed in black ink, which have 

to be read aloud. The second card contains coloured patches, which have to be nam ed. The 

last card displays colour nam es printed in incongruously coloured ink. Participants were 

instructed to nam e the ink colour of the printed words. By subtracting the tim e needed for the 

last part from  the m ean score of the first and second parts (SCW T-12), an interference score 

can be calculated (SCW T-i). This interference score is a m easure of inhibition of a habitual 

response, which can be considered an aspect of executive function.  

The Concept Shifting Task (CST) is a m odified version of the Trial M aking Test (Vink &  

Jolles, 1985) and is used as an instrum ent to m easure sim ple cognitive speed and cognitive 

flexibility. It consists of three parts. O n each test sheet, 16 sm all circles are grouped in a larger 

circle. The sm aller circles contain num bers, letters or both, appearing in a fixed random  order. 

Participants were requested to cross out the item s in the right order. In the last part, 

participants had to alternate between num bers (1-8) and letters (A -H). The scores correspond 

to the tim e needed to com plete each trial. The difference between the last part (CST-c) and the 

m ean score of the first and second parts (CST-ab) is considered to reflect the additional tim e 

needed to shift between both sets of stim uli (CST-i). 

The Letter-D igit Substitution Test (LD ST) m easures general inform ation processing 

speed. This test is a m odified version of the Sym bol D igit M odalities Test (Lezak, 1995; Sm ith, 

1968). A  code is presented at the top of a page, where a digit is linked to a letter. The 
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participants had to fill in blank squares that correspond to the correct code. The dependent 

variable is the num ber of letters filled in correctly in 90 seconds. 

Intentional learning and verbal m em ory functioning were m easured using the Visual Verbal 

Learning Test (VVLT; Brand & Jolles, 1985). Fifteen m onosyllabic words are presented one after 

another and subjects are asked to recall as m any words as possible. This procedure is repeated 

five tim es. The first trial can be seen as a m easure of short-term  m em ory. Because of potential 

ceiling effects in the last two trails, the total score of the first three trails is used as dependent 

variable. After 20 m inutes, delayed recall is tested. 

In the Verbal Fluency Test (Lezak, 1995) participants are asked to produce as m any 

words as possible in a given category (anim als), within 60 seconds. The variables of interest are 

the num ber of correctly nam ed anim als. The score can be seen as a m easure for adequate, 

strategy-driven retrieval of inform ation from  sem antic m em ory. 

 

Cognitive com pound scores 

In order to reduce the num ber of tests while im proving the robustness of the underlying 

cognitive construct (Lezak, 1995), we calculated cognitive com pound scores. To this end, raw 

scores of both baseline assessm ent and follow-up assessm ent were transform ed to Z-scores in 

the total group of participants that was selected in this study. Both observations for each 

individual were pooled for Z-score com putation, in order to obtain both inter-individual 

differences and intra-individual change over tim e. The m em ory com pound score was based on 

the im m ediate and delayed recall of the VVLT. The speed com pound was derived from  the first 

and second subtask of the SCW T and CST. The executive functioning com pound score was 

calculated by averaging the interference scores of the SCW T and CST. The sign of the speed 

and executive com pound scores was inverted to m ake them  reflect above average 

perform ance when positive and below average perform ance when negative (Van Boxtel et al., 

1998). 

 

O ther m easures 

Age, sex, and level of education were considered potential confounders. Level of education 

was indexed on an 8-point ordinal scale: 1=prim ary education, 2=lower vocational education, 

3=interm ediate general secondary education, 4= interm ediate vocational education, 5=higher 

general secondary education/ university preparatory education, 6=higher vocational 

preparatory education, 7=higher professional education, 8=university education (D e Bie, 

1987). 
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D ata analysis 

First, the cross-sectional relation between health status and the cognitive com pound scores 

was analysed by linear regression analysis adjusted for age, sex, and educational level. Linear 

regression analysis was also used, to analyse the longitudinal association between health 

status and cognitive decline over the 6-year follow-up period. These associations were 

adjusted for age, sex, educational level, duration of follow-up interval (m ean: 2259 days, SD : 

63), and cognitive perform ance at baseline. After calculation of correlation coefficients 

between the three health com ponents (i.e. physical, social, and psychological functioning), the 

relative im portance of each specific continuous com ponent was exam ined by introducing the 

three com ponents sim ultaneously in the cross-sectional and longitudinal regression m odels. 

Analyses were corrected for the above-m entioned confounders. Analyses were perform ed 

using SPSS for M acintosh, version 10 (SPSS-Inc., Chicago). 

 

 

Results 

 

After adjustm ent for age, sex, and educational level, regression analysis showed that poor 

health status at baseline was related to lower speed and executive functioning com pound 

scores and to worse perform ance on the LD ST. Longitudinal analysis revealed that health 

status was related to cognitive decline over the 6-year follow-up interval (Table 1). D uring 

follow-up, the lower functioning participants had a stronger decrease in m em ory and LD ST 

perform ance than the high functioning participants. No association was observed between 

health status at baseline on the one hand and a change in perform ance on the speed, 

executive functioning com pound score or the fluency test on the other. 

 

Table 1. Association (Standardized Regression Coefficients) between Health Status and 
Cognitive Functioning 

 Health status 

 Cross-sectional Longitudinal 

 Beta p-value Beta p-value 

M em ory -0.07 0.08 -0.08 0.03 

Speed -0.17 0.00  0.01 0.77 

Executive functioning -0.15 0.00 -0.06 0.14 

LD ST -0.15 0.00 -0.09 0.00 

Fluency -0.07 0.08 -0.07 0.08 

Note: Cross-sectional analyses were based on baseline data and were adjusted for age, educational level, 

and sex. Longitudinal analyses were adjusted for age, sex, educational level, length of follow-up interval 

and cognitive functioning at baseline; LD ST=Letter-D igit Substitution Test. 
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The correlation between physical functioning on the one hand and social functioning 

and psychological functioning on the other hand was significant (r=0.12, p<0.01 and r=0.37, 

p<0.001, respectively). The correlation between psychological functioning and social 

functioning was not significant (r=-0.02, p=0.67). Table 2 sum m arizes standardized regression 

coefficients of the three com ponents of health status (i.e. physical, social, and psychological 

functioning) for each cognitive m easure separately. Physical functioning was significantly 

correlated with the speed com pound score: higher physical functioning was associated with 

better perform ance on speed tasks. Social functioning was related to better perform ance on 

the speed, executive functioning score and the LD ST. The psychological functioning 

com ponent was related to the executive com pound score: higher psychological functioning 

was associated with better perform ance. The longitudinal analyses revealed a different 

pattern. Social and physical functioning did not predict the cognitive functioning 6 years later. 

Psychological functioning was related to the m em ory com pound score, and in LD ST 

perform ance 6 years later. 

 

 

Table 2 

Standardized Regression Coefficients of Standardized Health Status Com ponents for Each 

Cognitive M easure 

 Physical 

Functioning 

Social 

Functioning 

Psychological 

Functioning 

Cross-sectional       

M em ory  -0.07  -0.04   0.01 

Speed  -0.11**  -0.09*   0.06 

Executive functioning  -0.02  -0.08*  -0.13** 

LD ST  -0.06  -0.11**  -0.05 

Fluency  -0.06  -0.02  -0.02 

 

Longitudinal 

      

M em ory  -0.02  -0.01  -0.01 

Speed  -0.03   0.04   0.04 

Executive functioning  -0.06   0.01   0.01 

LD ST  -0.05  -0.03  -0.03 

Fluency  -0.05  -0.03  -0.03 

Note: Cross-sectional analyses were adjusted for age, sex and educational level. In longitudinal analyses 
age, sex, educational level, period to follow-up and baseline cognitive perform ance were included as 
covariates (com ponents sim ultaneously controlled). 
LD ST=Letter-D igit Substitution Test. 
*p<0.05; ** p<0.01 
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D iscussion 

 

The m ain aim  of this study was to exam ine the relationship between com ponents of health 

status and cognitive functioning. Results indicate that older individuals with a higher level of 

physical, social, and/or psychological functioning, perform  better on cognitive tasks, including 

those related to m em ory, executive functions, and speed of inform ation processing. In 

addition, longitudinal data revealed that participants with a higher baseline level of health 

status defined as a com bination of physical, psychological, and social functioning had a better 

cognitive functioning 6 years later than did participants with a lower level of health status at 

baseline. The cognitive perform ance, and in particular the m em ory functioning, of people with 

a higher level of health status decreased less than that of people with a lower health status.  

The m ost im portant com ponent of health status in term s of its association with 

cognition 6 years later was psychological functioning. As expected, a high level of physical 

functioning was associated with a better speed com pound score only. W hile psychological 

functioning at baseline predicted m em ory perform ance 6 years later, it was not correlated with 

m em ory functioning at baseline. The participants of this study were healthy older adults who 

m ay experience health problem s in the future, problem s, which m ay affect their cognitive 

function. It is possible that sym ptom s related to m ood, such as depression or anxiety, m ay 

initiate neurodegenerative processes that lead to im pairm ent of cognitive functioning. 

The finding that social functioning was not related to cognitive functioning 6 years 

later, whereas previous longitudinal studies did find such an association (Hultsch, Hertzog, 

Sm all, &  D ixon, 1999; Seem an et al., 2001), m ay be due to the way we operationalized social 

functioning. W e used the num ber of hours a week people engaged in social activities at a club 

as a m easure of social functioning. This variable reflects the tendency to engage in outgoing 

social activities and enables to explore the frequency of engaging in social activities, but it m ay 

be lim ited in robustness to capture the broad concept of social functioning. Thus our findings 

on the relation between the social com ponent and cognitive functioning should be 

interpreted with caution. Additional analyses in order to exam ine the reverse relationship, i.e. 

the effect of cognitive function on changes in social functioning, indicated that good baseline 

cognitive functioning increased the social activity level (not tabulated).  

In the present study, low correlations were found between physical, social and 

psychological functioning, indicating that it is unlikely that m any people enjoy a high level of 

functioning in all three aspects of health status. In the future, cluster analyses can be used to 

form ally test whether this is the case. Furtherm ore, further analyses should also address the 

extent to which cognitive functioning is the cause or the result of health status and whether 

changes in cognitive functioning follow the sam e tim e course as changes in health status. For 
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exam ple, in this cohort social functioning, as a com ponent of health status, appeared to be the 

result of good cognitive perform ance rather than the reverse. However, psychological 

functioning also had predictive power regarding cognitive functioning. 

Related, m ore in depth research m ay shed further light on the concept of successful 

aging as defined by several authors (e.g. Rowe & Kahn, 1987), its m easurem ents, and the 

extent to which cognitive functioning is involved. A  com plicating factor in the research on 

successful aging perform ed up till now rem ains the absence of uniform  criteria, which 

ham pers the com parability of studies focusing on this topic. Previous studies have used a 

variety of definitions, based on different com binations of the health com ponents described 

above. For exam ple, som e studies have defined successful aging solely in term s of adequate 

physical functioning (Guralnik &  Kaplan, 1989; Strawbridge, Cohen, Shem a, &  Kaplan, 1996), 

while others have focused prim arily on both physical and psychological functioning (Berkm an 

et al., 1993; Roos &  Havens, 1991). Still other researchers have included a com bination of 

physical m easures and cognitive aspects in their definition of high functioning (Berkm an et al., 

1993; Rowe &  Kahn, 1997). However, none of these studies has critically addressed the 

relevance of cognition to their definition. The results of the present study suggest that the role 

of optim al cognitive functioning in successful aging m ay be partly dependent on which 

com ponent of successful aging/health status is being investigated. 

Several m ethodological issues need to be considered. First, the people who 

participated in this study were healthy com m unity dwelling adults and thus health selection 

bias m ay have occurred. Thus the results of this study m ay not be applicable to people with 

m ild cognitive im pairm ent or neurodegenerative diseases, such as dem entia. A spects of health 

status were m easured by self-report. A  disadvantage of self-report data is that inform ants m ay 

forget inform ation, which will decrease reliability. However, the ecological validity of self-

reported inform ation is generally considered being high. Interestingly, recent literature 

suggests that high functioning or successful aging should be m easured in a qualitative way, to 

com pare definitions of successful aging developed by researchers with those defined by aging 

individuals. This would m ake it possible to form ulate a m ore client-centered definition of 

successful aging (Phelan &  Larson, 2002; Von Faber et al., 2001).  

In conclusion, a high health status, defined as good physical, social, and 

psychological functioning predicts cognitive decline in older adults. Com parison of these 

com ponents revealed that poor psychological functioning is the best predictor of cognitive 

decline. The im portant role of sym ptom s related to m ood, energetic functions, m ild 

dysthym ia, or anxiety com plaints should be investigated in the future. 
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A bstract 

To date, it rem ains unclear to what extent cognitive com petence is related to a change in 

general functional status in older adults. The present study evaluates both the cross-sectional 

and the longitudinal relation between cognitive functioning and functional status. 

Sensorim otor speed, m em ory, and executive functioning were assessed in a large population 

of healthy adults aged 60 years and older (n=485) who participated in the M aastricht Aging 

Study. D ata from  the baseline (1993-1995), 3-year follow-up, and 6-year follow-up were used. 

Functional status was m easured using the SF-36, which was coded into a physical and a 

m ental com ponent sum m ary m easure. After adjustm ent for age, sex, and educational level, a 

high level of cognitive functioning appeared to be associated with better functional status in 

the cross-sectional analysis. Longitudinal analyses dem onstrated, that cognitive functioning 

was not a predictor of functional status 3 or 6 years later. Thus while cognitive functioning is 

useful clinically for predicting the short-term  functional status of an older person, it is not 

useful for predicting that person’s long-term  (>  3 years) functional status and thus the period 

of validity of the results of these tests in answering such questions is lim ited. 
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Introduction 

 

In W estern society, with its rapidly growing population of older individuals, it is im portant to 

identify functional lim itations that could lim it the autonom y of older adults. 

Neuropsychologists are increasingly being asked to evaluate person’s capabilities and 

lim itations, and in m any cases to answer questions concerning the functional status and 

consequences of cognitive lim itations on daily life, such as a person’s ability to take care of 

him self/herself and to m anage his/her finances (Barth et al., 2003; Lezak, 1995). But how strong 

is the evidence that cognitive com petence is actually associated with general functional status 

or autonom y? W ith a view to the increasing num ber of older adults and health care 

consum ption, it is worthwhile to investigate in healthy old adults whether cognitive functions 

are associated with functional status. 

To date, several largely cross-sectional studies have provided som e evidence that 

im paired cognitive functioning is associated with poor functional status (Bell-M cG inty, Podell, 

Franzen, Baird, &  W illiam s, 2002; Cahn-W einer, Boyle, &  M alloy, 2002; Cahn-W einer, M alloy, 

Boyle, M arran, &  Salloway, 2000; Carlson et al., 1999; G ill, W illiam s, Richardson, Berkm an, &  

Tinetti, 1997; Greiner, Snowdon, &  Schm itt, 1996; Grigsby, Kaye, Baxter, Shetterly, &  Ham m an, 

1998; Padoani et al., 1998; Richardson, Nadler, &  M alloy, 1995), particularly in cognitively 

im paired people. For exam ple, G reiner et al. (1996) showed that adults older than 75 years 

with a M ini M ental State Exam ination (M M SE) score <27 had twice the risk of losing their 

independence in one or m ore activities of daily living, such as bathing, dressing, and eating 

independently, after 1 year, com pared to those with a higher cognitive perform ance. Bell-

M cG inty et al. (2002) reported sim ilar findings. In their study of 50 older people, m ost of whom  

had im paired cognitive functioning Bell-M cG inty and colleagues showed that perform ance on 

tests of executive functioning was associated with the individual dependence in activities of 

daily living, such as m anagem ent of personal finance. Such studies have tended to focus on 

older adults with m ild cognitive im pairm ent or neurodegenerative diseases (Bell-M cG inty et 

al., 2002; Richardson et al., 1995) or used a rather broad cognitive m easure (i.e. M M SE score 

(Folstein, Folstein, &  M cHugh, 1975)) (G ill et al., 1997; Grigsby et al., 1998; Padoani et al., 1998). 

W ith respect to the m easurem ent of cognitive perform ance in healthy elderly, there 

is am ple evidence that cognitive rating scales such as the M M SE are too insensitive to evaluate 

perform ance on specific cognitive dom ains, and thus cannot be used to determ ine whether 

specific cognitive dom ains are affected (M acKenzie, Copp, Shaw, &  G oodwin, 1996). Adequate 

perform ance in the dom ain of executive functions seem s particularly relevant in this respect, 

because it enables a person to state and perform  goals, deal with novelty, solve problem s, 

adapt to unexpected circum stances, and perform  m ultiple tasks (Lezak, 1995). If a person’s 
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executive functioning is inadequate, he/she will probably experience difficulties in perform ing 

m ultiple activities in daily life, such as m anaging a hom e, finances, or even taking m edication, 

difficulties which adversely affect the functional status of that person. 

O ur aim  was to investigate the cross-sectional and longitudinal relation between 

im portant cognitive dom ains (i.e. m em ory perform ance, executive functioning, and speed of 

inform ation processing) and functional status in a large healthy sam ple of adults aged 60 years 

and older. W e expected that executive functioning would be m ost strongly associated with 

functional status. 

 

 

M ethods 

 

Participants 

The data used in the present study were derived from  the M aastricht A ging Study, a 

longitudinal study exam ining determ inants and consequences of differences in norm al 

cognitive aging. Participants were recruited from  a collaborating network of fam ily practices 

(M etsem akers, Höppener, Knottnerus, Kocken, &  Lim onard, 1992). A ll participants were 

between 24 and 81 years of age, and were at the m om ent of inclusion without m edical 

conditions known to interfere with norm al cognitive function (e.g. dem entia, m ental 

retardation, and cerebrovascular pathology). The study population was stratified for age 

group, sex, and general ability. In the baseline period between 1993 and 1995, 1,823 people 

underwent a cognitive and physical exam ination, (Jolles, Houx, van Boxtel, &  Ponds, 1995). 

About 3 years later (1996-1998), all people who were 50 years or older (n=1,069) were invited 

to participate in a re-assessm ent of their neuropsychological functioning. Because of refusal 

(n=138), death (n=50), loss to follow-up (n=43), 838 persons (78% ) were actually tested. Six 

years after the baseline m easurem ents, all participants were again invited for a 

neuropsychological exam ination. D ue to refusal (n=275), death (n=116), loss to follow-up 

(n=37), or other reasons (n=19), in total 1,376 participants were actually tested (74% ). For the 

present study, only data for participants aged 60 years or older were used. D ata for 

participants with clinically verified m ajor depression or dem entia at 3- or 6-year follow-up 

were excluded from  further analyses (n=12, 1.8% ). The local m edical ethics com m ittee 

approved the M AAS-study and all participants gave their inform ed consent. 
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Cognitive variables 

M any studies have shown that the first cognitive changes associated with aging are observed 

in the dom ains of m em ory functioning, executive functioning, and speed of inform ation 

processing (e.g. Jolles, 1986; Salthouse, 1992)). In addition, tests that draw on these dom ains 

have been shown to be sensitive to subtle changes in health (Bosm a, van Boxtel, Ponds, Houx, 

&  Jolles, 2000; Houx, Jolles, &  Vreeling, 1993; Van Boxtel et al., 1998; Van Boxtel et al., 2000). For 

these reasons, these tests were used in this study. 

The Stroop Colour-W ord Test (SCW T) is a m easure of selective attention and speed of 

inform ation processing. This test involves three cards displaying 100 stim uli each (Houx &  

Jolles, 1993; Stroop, 1935). The first card contains colour words printed in black ink, which have 

to be read aloud. The second card contains coloured patches, which have to be nam ed. The 

last card displays colour nam es printed in incongruously coloured ink. Participants are 

instructed to nam e the ink colour of the printed words. By subtracting the tim e needed for the 

last part from  the m ean score of the first and second parts (SCW T-12), an interference score 

can be calculated (SCW T-i). This interference score is a m easure of inhibition of a habitual 

response, which can be considered an aspect of executive functioning. 

The Concept Shifting Task (CST) is a m odified version of the Trial M aking Test (Vink &  

Jolles, 1985) and is used to m easure sim ple cognitive speed and cognitive flexibility. It consists 

of three parts. O n each test sheet, 16 sm all circles are grouped in a larger circle. The sm aller 

circles contain num bers, letters or both, appearing in a fixed random  order. Participants are 

requested to cross out the item s in the right order. In the last part, participants have to 

alternate between num bers (1-8) and letters (A -H). The scores correspond to the tim e needed 

to com plete each trial. The difference between the last part (CST-c) and the m ean score of the 

first and second parts (CST-ab) is considered to reflect the additional tim e needed to shift 

between both sets of stim uli (CST-i). 

Intentional learning and verbal m em ory functioning were m easured using the Visual 

Verbal Learning Test (VVLT). Fifteen m onosyllabic words are presented one after another and 

subjects are asked to recall as m any words as possible. This procedure is repeated five tim es 

(Brand &  Jolles, 1985). To preclude ceiling effects that m ay becom e apparent in the last two 

trails, the total score of the first three trails is used as dependent variable. After 20 m inutes, 

delayed recall is tested. 

 

Cognitive com pound scores 

Selected raw scores for cognitive tasks were clustered in three dom ains (sensorim otor speed, 

m em ory, and executive functioning) to yield com pound cognitive scores. This was done to 

reduce the num ber of cognitive variables, while im proving the robustness of the underlying 
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cognitive construct (Lezak, 1995). Raw scores were transform ed to Z-scores in the total group 

of participants that were selected in this study. The average was calculated of the Z-

transform ed scores that were included in a com pound index. The m em ory com pound score 

included the im m ediate and delayed recall of the VVLT. The sensorim otor speed com pound 

score was derived from  the first and second subtask of the SCW T and CST. The executive 

functioning com pound score was calculated using the interference scores of the SCW T and 

CST. The signs of the sensorim otor speed and executive functioning com pound scores were 

inverted to m ake them  reflect above average perform ance when positive and below average 

perform ance when negative (Van Boxtel et al., 1998). 

 

Functional status 

Functional status was m easured using the SF-36 questionnaire, which contains 36 m ultiple-

choice questions (W are &  Sherbourne, 1992). The SF-36 is coded into eight scales: physical 

functioning, social functioning, role lim itations due to physical problem s, role lim itations due 

to em otional problem s, general m ental health, vitality, bodily pain, and general health 

perceptions. Each scale can range from  0 (lowest level of functioning) to 100 (highest level). 

These eight scales can be sum m arized into physical (PCS) and m ental com ponents sum m ary 

m easures (M CS) (W are, Kosinski, &  Keller, 1994). Low scores im ply a low level of functioning 

and the average of this score in the general U S population is 50 (W are et al., 1995). A t the 

baseline m easurem ent, the SF-36 was adm inistered to two out of four participant panels only 

(n=300 in age 60 and older group). A t the 3-year follow-up, nearly all participants in this age 

range filled in the SF-36 (n=485, 92% ). In total, 386 persons filled in the SF-36 during the 

second follow-up m easurem ent. 

 

O ther m easures 

Age, sex, and level of education were considered potential confounders. Level of education 

was indexed on an 8-point ordinal scale: 1=prim ary education, 2=lower vocational education, 

3=interm ediate general secondary education, 4= interm ediate vocational education, 5=higher 

general secondary education/ university preparatory education, 6=higher vocational 

preparatory education, 7=higher professional education, 8=university education (D e Bie, 

1987). 

 

D ata analysis 

To m axim ize the num ber of observations and acquire the highest power, cross-sectional 

analyses were based on available data at the first follow-up evaluation and the longitudinal 

analyses included data from  the 3-year and 6-year follow-up evaluations. M eans and standard 
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deviations of the sum m ary scores of the SF-36 were com puted and com pared between the 

first and second follow-up, using paired t-tests. Associations between the cognitive com pound 

scores for the 3-year follow up and the SF-36 sum m ary score for the 3- and 6-year follow-ups 

were first exam ined with correlation analysis (Pearson’s r). Subsequently, linear regression 

analysis was perform ed in order to analyse whether cognitive com pound scores were cross-

sectionally related to SF-36 sum m ary scores. These analyses were adjusted for age, sex, and 

educational level. Next, the cognitive com pound scores were analysed as predictors of a 

change in SF-36 sum m ary scores 3 years later, again using linear regression analysis adjusted 

for age, sex, educational level, duration of follow-up interval, and SF-36 sum m ary score at 

baseline. A ll analyses were perform ed using SPSS for M acintosh program  series, version 10 

(SPSS-Inc., Chicago), with a p-level of 0.05. 

 

 

Results 

 

The PCS decreased from  46.7 to 44.9 after 3 years (t=4.40, p<0.01), however, the M CS showed 

no change (t=0.52, p=0.60). The three cognitive com pound scores at the 3-year follow-up were 

significantly correlated with the PCS at 3-year follow-up (zero-order Pearson’s r for 

sensorim otor speed, m em ory, and executive functioning were 0.24, 0.13, and 0.25, 

respectively) and again at the 6-year follow-up (Pearson’s r for sensorim otor speed, m em ory, 

and executive functioning were 0.24, 0.11, and 0.20, respectively). A  different pattern was 

observed for the M CS. The three cognitive m easures at the 3-year follow-up were correlated 

with M CS at the 3-year follow-up (sensorim otor speed: 0.21; m em ory: 0.10; executive 

functioning: 0.13), but not at the 6-year follow-up (sensorim otor speed: 0.09; m em ory: 0.08; 

executive functioning: 0.06, all p>0.05). 

A lthough not consistently evident for all cognitive sum m ary scores, overall cognitive 

functioning was significantly related with both sum m ary scores of the SF-36 in the cross-

sectional regression analyses (Table 1). Higher scores on the cognitive com pound m easures 

were associated with higher scores on the SF-36, even after adjusting for age, educational 

level, and sex.  

Cognitive functioning was not associated with SF-36 sum m ary scores 3- or 6-years 

later (Table 1). Thus, older persons with good cognitive functioning at baseline did not 

experience less decline on SF-36 scores com pared with persons with poor baseline cognitive 

function, independent of their baseline SF-36 score. Essentially the sam e results were found 

when the longitudinal analyses were repeated in the sm aller group that was available from  

baseline to 6-year follow-up (results not tabulated). 
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Table 1. Cross sectional and longitudinal association (standardised regression coefficients) 

between cognitive functioning and 3-year change in SF-36 sum m ary scores 

Cross sectional analyses  Longitudinal analyses 

PCS M CS PCS M CS 

 

β β 
 

β β 
Sensorim otor speed 0.15** 0.11*  0.01 0.04 

M em ory 0.06 0.20**  0.05 0.01 

Executive functioning 0.16** 0.13*  0.03 0.01 

PCS = physical com ponent scale; M CS = m ental com ponent scale 

Note: Cross-sectional analyses were adjusted for age, sex, and educational level. Longitudinal analyses 

were adjusted for age, sex, educational level, length of follow-up interval and cognitive functioning at 

baseline 

*p<.05; **p<.01 

 

 

D iscussion 

 

The aim  of this study was to investigate whether cognitive functioning was related to 

functional status in older healthy adults. The cross-sectional findings indicated that cognitive 

perform ance was associated with functional status. Individuals with a low level of cognitive 

functioning had a lower functional status than individuals with a high level of cognitive 

functioning. The question whether cognitive perform ance has predictive power for functional 

decline was answered in the negative: low cognitive perform ance at baseline did not predict 

m ore functional decline 3 or 6 years later. 

The cross-sectional relationship between cognitive and functional status variables 

has been reported earlier. It has been argued that this association can be explained, at least in 

part, by the presence of depressive sym ptom s, because depression or depressive sym ptom s 

are related to cognitive functions, notably m em ory, attention, and executive disorders (Austin, 

M itchell, &  G oodwin, 2001; Burt, Zem bar, &  Niederehe, 1995; D en Hartog, D erix, van Bem m el, 

Krem er, &  Jolles, 2003). In an earlier study, SF-36 scores were lower in depressed patients than 

in non-depressed controls (D oraiswam y, Khan, D onahue, &  Richard, 2002). W e therefore 

perform ed additional post hoc regression analyses in which depressive sym ptom atology, 

m easured with the depression scale of the SCL-90 (Arrindell &  Ettem a, 1986) was controlled 

for. The cross-sectional relation between the PCS and the executive com pound score was 

attenuated, but still significant after adjusting for depressive sym ptom s (p<0.01). However, the 

relations between the M CS and the three cognitive dom ains and that between the PCS and 

sensorim otor speed were no longer significant, after adjusting for depressive sym ptom s. Thus, 

depressive sym ptom atology m ay act as a confounder in the relation between cognitive 
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functioning and functional status, but does not explain the cross-sectional relation between 

executive functioning and SF-36 PCS. 

The population investigated in this study consisted of com m unity dwelling older 

adults. These participants functioned at a norm al level with respect to functional status as well 

as cognitive functioning. Therefore it was not surprising that the results of the present study 

dem onstrated a sm all decrease in functional status over a 3-year interval. A  longer tim e lag 

and therefore a larger decrease in functional status m ay be needed to dem onstrate a 

longitudinal association between cognitive functioning and functional status. O r a reverse 

causation (i.e. functional status as a predictor of cognitive decline) m ay be present. 

Com parison of the associations between different cognitive functions showed that 

the strongest cross-sectional relation was that between functional status and executive 

functioning. These findings are in line with previous cross-sectional studies that focused on 

(I)AD L, which have shown that perform ance on tests of executive functioning is m ore strongly 

related to functional im pairm ent than other cognitive functions, including m em ory, language, 

visuospatial skills, and psychom otor speed (Bell-M cG inty et al., 2002; Cahn-W einer et al., 2002; 

Cahn-W einer et al., 2000; Carlson et al., 1999; G rigsby et al., 1998). This could be taken as 

evidence to support the im portance of executive functions to functional status, because these 

functions involve relatively com plex behaviour, including activities related to planning, 

problem  solving, anticipation of possible consequences of an intended course of action, and 

inhibition of irrelevant inform ation (Lezak, 1995). 

In conclusion, poor cognitive perform ance was related to poor functional status at 

the actual m om ent of testing. This association could be m ediated by secondary factors, such 

as depressive sym ptom atology or life events, since cognitive functioning did not prove to be 

predictive of functional status 3 or 6 years later. The practical im plication is that, in clinical 

practice, neuropsychological findings can indeed contribute to answering questions 

concerning the current functional status of an older person. A lternately, it is worthwhile to 

stress that inferences from  neuropsychological assessm ent for functional status in the future 

are not valid in a norm al aging population and m ay be influenced by an underlying depression 

or a bias due to negative affectivity. 
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A bstract 

The objective of this study was to investigate the effect of a 6-week (12 sessions) structured 

course on the executive functioning of older adults. The course was based on the principles of 

‘G oal M anagem ent Training’ and involved training in com bination with psycho-educational 

techniques. The aim  of this intervention was to teach individuals a strategy to im prove their 

efficacy and attitude towards planning activities and to structure intentions. Sixty-nine 

com m unity dwelling older individuals aged 55 years and older were random ised to a 

treatm ent group or a waiting list control group. After the intervention, the participants in the 

intervention group were significantly less annoyed by their cognitive failures and better able 

to m anage previously reported executive failures than were controls. There were no effects on 

objective m easures of cognitive functioning. The findings of this study indicated that a 

com bination of psycho-education and training has the potential to change the attitude of 

older individuals towards their functioning. 
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Introduction 

 

M ost cognitive functions decline with age. W orking m em ory functions less well (Van der 

Linden, Bredart, &  Beerten, 1994), inhibitory m echanism s becom e less efficient (Persad, Abeles, 

Zacks, &  D enburg, 2002; Zacks &  Hasher, 1997), and perform ance in dual task situations is 

reduced (G lass et al., 2000). Interestingly, working m em ory, inhibition, and shifting between 

two tasks are frequently seen as aspects of executive functioning (M iyake et al., 2000). This is 

im portant because executive functioning is a basic condition for everyday functioning of older 

adults and poor executive functioning m ay even affect independent living and successful 

aging (Cahn-W einer, Boyle, &  M alloy, 2002; Grigsby, Kaye, Baxter, Shetterly, &  Ham m an, 1998; 

Rowe &  Kahn, 1997). For exam ple, older people m ay experience difficulties in planning their 

leisure tim e activities, m anaging their finances, coping with novel situations, or learning to 

deal with new strategies and procedures, such as using com puters, Internet services, cellular 

phones and other electronic devices. A ll these activities require that the proper goal is selected 

and m aintained in m em ory while the task is executed. In addition, when perform ing such 

com plex tasks, it is im portant to be able to divide the task into sim pler tasks and to set 

priorities for the execution of subordinate goals (D e Jong, 2001; D uncan, 1986). A lthough 

m any older adults experience difficulties with planning activities, the effect of 

neuropsychological interventions to im prove these cognitive functions in older adults has not 

yet been investigated. M ost neuropsychological interventions for older individuals focus on 

m em ory functioning and recently also m em ory self-efficacy (e.g. Com m issaris, Verhey, &  Jolles, 

1996; Valentijn et al., in press). It is therefore a challenging opportunity to exam ine whether 

older individuals benefit from  an intervention directed at executive functions, notably 

organization and planning of activities in daily life. 

The intervention protocol of G oal M anagem ent Training (G M T Robertson &  Levine, 

2000), was originally developed to teach patients with brain injury a strategy to im prove their 

ability to plan activities and to structure intentions. The G M T was based on the theoretical 

fram ework of disorganization of behaviour (D uncan, 1986; D uncan, Em slie, W illiam s, Johnson, 

&  Freer, 1996). This theory states that any line of activity requires a list of goals or task 

requirem ents that are used to create a structure of actions or m ental operations by which 

these goals are achieved. In perform ing a task, the current state of affairs and the goal state are 

com pared, and appropriate actions or m ental operations are selected in order to reduce any 

m ism atch. This continues until there is no m ism atch between the current state and the goal 

state. G iven that the num ber of actions that can actually be perform ed at any one tim e is 

lim ited, it is im portant to inhibit irrelevant actions that will not contribute to a particular goal. 

The G M T contains several stages that are based on this notion. First, participants have to be 
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aware of the current state of affairs (“stop”). Then the appropriate goals have to be selected 

(“what do I have to do?”), and if needed goals have to be partitioned into subordinate goals 

(“split”). In the final stage (“checking”), the outcom e of the selected actions is com pared with 

the goals to be achieved. The G M T has been evaluated in 30 patients with m ild to severe brain 

injury, who were random ly assigned to groups who received GM T or m otor skill training. 

Participants who followed the G M T showed significant gains on everyday paper-and-pencil 

tasks designed to m im ic tasks that are problem atic for patients with executive problem s 

(Levine et al., 2000).  

Since the problem s and topics used in the G M T are also applicable to older adults, 

we developed a dedicated structured course based on the G M T for use in older adults. The 

course consists of 12 sessions (two sessions per week). Apart from  the G M T, psycho-education 

was an essential part of the intervention. U sing a random ised controlled trial with a waiting list 

control group, we exam ined whether this intervention was effective in older adults in reducing 

com plaints and cognitive failures and in im proving cognitive functioning. D uring the course, 

participants practised real life activities, with em phasis on the com plaints and problem s 

experienced by the participants. W e therefore expected that the training would have m ore 

im pact on com plaints and cognitive failures participants experienced rather than on actual 

cognitive perform ance. 

 

 

M ethods 

 

Participants 

The participants were recruited through m edia advertisem ents asking for people aged 55 

years and older with com plaints about their cognitive functioning to participate in the study. 

Participants were enrolled if they had a score of 24 or m ore on the M ini-M ental State 

Exam ination (M M SE; Folstein, Folstein, &  M cHugh, 1975), had a good com prehension of the 

D utch language, were m obile enough to travel independently to the research centre, and had 

not previously participated in a neuropsychological research program m e. People with 

docum ented evidence of neurological diseases of the central nervous system  (e.g. dem entia or 

Parkinson's disease) or a m ajor psychiatric disorder were excluded. The local m edical ethics 

com m ittee approved the study and all participants gave their inform ed consent. 

 

G oal M anagem ent Course 

The G oal M anagem ent Training (G M T) was originally developed for brain-injured patients 

(Levine et al., 2000; Robertson &  Levine, 2000). The aim  of this structured and interactive 
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intervention is to teach individuals a strategy to im prove planning activities and to structure 

intentions. W e translated the training m anual into D utch and adapted the content to m ake it 

applicable to healthy older people with executive problem s. O ne m ajor addition to the G M T 

concerns a substantial place for ‘psycho-education’, i.e. an explanation of the various cognitive 

functions and their role in norm al behaviour and in problem s in daily life. In addition, the 

program m e was adapted to consist of twelve sessions, one individual session and eleven 

group sessions. The content of each session and the order in which topics were addressed 

were structured in a protocol. The group sessions involved two trainers, a healthcare 

psychologist with am ple experience in interventions for people with cognitive problem s and a 

research psychologist. Each group consisted of m axim ally seven participants, to ensure that 

the training group could function optim ally. The groups were hom ogeneous with respect to 

sex, since the com plaints reported by wom en and m en, apply to different situations and topics 

(e.g. shopping versus technical m aintenance). There were 10 fem ale and 2 m ale groups. Each 

session lasted 1 to 1.5 hours and there were two sessions a week, for 6 consecutive weeks. A  

structured trainer m anual was available, describing the text and actions to be used by the 

trainer. The trainer incorporated exam ples which had been put forward by the participants as 

frequently as possible and stim ulated initiative and active participation in this respect. A ll 

sessions were structured – hom ework and last week’s topics were discussed first, and each 

participant had to report at least one failure and one success in daily life (25-35 m inutes). The 

accom panying em otional experience was specifically addressed in the group in each session. 

Then inform ation about a new stage of the strategy was introduced or a stage that was 

discussed in a previous session was extended (25-35 m inutes). A t the end of each session, 

participants received hom ework exercises and handouts containing a sum m ary of the session 

(10 m inutes). A ll topics were illustrated with practical exam ples or exercises. 

The goals for the first two sessions were getting acquainted with the trainer and the 

rest of the group and with the goals of the course, discussing the expectations of the training, 

and increasing insight into the com plaints about executive functioning, for exam ple by 

discussing exam ples of com plaints. In the third and fourth sessions, high-risk situations were 

identified, the stop strategy was introduced using an autom atic pilot m etaphor and a personal 

catchphrase was chosen (e.g. ‘just a second’ or ‘wait a m inute’). The stop strategy was 

extended in session five by m eans of a relaxation technique and a discussion of cognitive 

inform ation processing and working m em ory. In the individual session, personal problem s and 

expectations about the course were discussed, additional questions about the training were 

answered, and the interaction with the other course participants was discussed. Sessions 

seven and eight focused on stating a goal. Furtherm ore, inhibition of relevant goals and 

conflicting goal scenarios were m ain topics in these sessions. Sessions nine and ten were used 
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to discuss splitting a com plex task into subgoals and then to prioritise these subgoals. The 

topic of session eleven was the checking construct. Finally, in the last session an overview was 

given. 

 

O utcom e m easures 

The outcom e variables were obtained from  a test battery that included subjective and 

objective cognitive tests. 

 

Subjective executive functioning 

The Cognitive Failure Q uestionnaire (CFQ ) was used to evaluate subjective executive 

functioning. This instrum ent consists of 25 item s m easuring the frequency of everyday 

cognitive ‘failures’ in the area of m em ory, attention, perception and action (Broadbent, 

Cooper, FitzGerald, &  Parkes, 1982; M erckelbach, M uris, Nijm an, &  de Jong, 1996; Ponds, 

Com m issaris, &  Jolles, 1997). Participants were asked to indicate on a 5-point scale how often 

they usually experienced each particular cognitive failure (never, very rarely, occasionally, 

quite often, and very often). A  higher score on the CFQ  indicates m ore cognitive failures. The 

CFQ  has been validated in D utch. 

Perceived degree of hinder, worry, and annoyance about subjective executive 

functioning were scored with the questionnaire used in the M aastricht Aging Study (M AAS; 

Jolles, Houx, van Boxtel, &  Ponds, 1995), a longitudinal study on norm al cognitive aging. This 

questionnaire contained four questions focusing on the perceived degree of hinder, worry, 

and annoyance about these failures. Each question has five possible answers ranging from  ‘not 

at all’ to ‘a lot’. 

M anagem ent of reported executive failures was evaluated using the following 

instrum ent. O n the basis of inform ation from  the screening interviews, ten com plaints were 

selected that were reported m ost often by the participants with executive com plaints (e.g. 

doing m ore than one activity at a tim e, perform ing activities according to a plan, estim ating 

the tim e needed for an activity). Participants scored each item  on a scale ranging from  1 

(‘cannot m anage this at all’) to 10 (‘have no problem s at all’). The ten values were sum m ed to 

com pute a total score, ranging from  10 to 100. Cronbach’s alpha for this 10-item  instrum ent 

was 0.68, based on data from  the baseline m easurem ents. 

 

O bjective test perform ance 

The Stroop Colour W ord Test (SCW T) involves three cards displaying forty stim uli each (Houx, 

Jolles, &  Vreeling, 1993; Stroop, 1935). The first card contains colour words printed in black ink, 

which have to be read. The second card contains coloured patches, which have to be nam ed. 
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The third card displays colour nam es printed in incongruously coloured ink. Individuals are 

instructed to nam e the ink colour of the printed words. By subtracting the tim e needed for the 

last part from  the m ean score of the first and second part, an interference score can be 

calculated, that was used as an outcom e m easure. This interference score can be regarded as a 

m easure of inhibition of a habitual response, which depends on adequate levels of executive 

functioning (Hanninen et al., 1997). 

 

O ther m easures 

Four subtasks of the G roningen Intelligence Test (G IT) were used to m ake a reliable estim ation 

of IQ  (Luteijn &  van der Ploeg, 1983). The four subtasks involved were: 1) Arithm etic: the 

correct com pletion of as m any addition sum s as possible in 1 m inute, 2) Vocabulary: indicating 

which of five alternative words is exactly synonym ous with a given word, 3) Visuoconstruction: 

indicating which two-dim ensional shapes from  a larger set are needed to exactly fill up a given 

space, and 4) Verbal reasoning: indicating which of five alternatives is related in the sam e way 

to a given word as two words in an exam ple. 

Level of education was indexed on an 8-point ordinal scale: 1=prim ary education, 

2=lower vocational education, 3=interm ediate general secondary education, 4= interm ediate 

vocational education, 5=higher general secondary education/ university preparatory 

education, 6=higher vocational preparatory education, 7=higher professional education, 

8=university education (D e Bie, 1987). 

The M ini-M ental State Exam ination (M M SE; Folstein et al., 1975) was used as a 

screening instrum ent for dem entia, and consists of the scales orientation, registration, recall, 

attention, language, and construction. A  m axim um  score of 30 can be obtained. 

 

Procedure 

A  dual baseline and two follow-up assessm ents were used in this random ised controlled trial. 

Before the first m easurem ent, all participants were screened for executive com plaints and 

problem s by m eans of a structured interview. D em ographic variables, com plaints about 

cognitive functioning, and inform ation from  significant others were obtained. Furtherm ore, 

participants were asked to evaluate their ability to prepare and plan several activities, such as 

planning a party, preparing a vacation, and operating a m obile phone. Inform ation obtained 

from  this screening protocol was used to select individuals who would benefit from  the 

training and to exclude individuals who experienced m em ory problem s only, who did not 

have any cognitive com plaints or problem s, who wanted to prevent cognitive problem s in the 

future, who had pathological cognitive problem s (dem entia), or who had cognitive com plaints 

or perform ance deficits in other cognitive dom ains (e.g. M ild Cognitive Im pairm ent; Jolles, 
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Verhey, Riedel, &  Houx, 1995; Petersen et al., 2001). Based on this structured interview, persons 

were selected who experience executive problem s (e.g. being chaotic, distractible, having 

problem s to concentrate, unable to perform  activities according to a plan) to participate in the 

study. If it was uncertain whether a person had executive com plaints or problem s, the case 

was referred to an experienced clinical neuropsychologist (RP). After screening, participants 

were random ly assigned to the intervention group or waiting list control group. The m ethod 

of random isation was a block design with block size two, and with stratification for age and 

sex. The investigator who was responsible for random isation was not involved in the training 

procedures. A ll participants (training group and control group) were tested twice, before the 

intervention group received the intervention. This ‘dual baseline procedure’ was used in order 

to reduce the (procedural) learning effect. The m ean interval between m easurem ent 1 and 

m easurem ent 2 was 17 days (SD =5.8). Both the control group and the intervention group were 

tested im m ediately after the intervention group had com pleted the intervention, which was 8 

weeks after m easurem ent 2. The fourth m easurem ent (long term  effect) took place 7 weeks 

later. A ll the statistical analyses were perform ed using data for the second baseline assessm ent 

and the two subsequent follow-up m easurem ents. 

 

Statistical analyses 

First, we exam ined whether this study population indeed experienced m ore cognitive failures 

(CFQ  total score and additional questions) and had a lower score on the interference score of 

the SCW T than a general population. U sing Student t-tests, we com pared the baseline 

perform ance on these outcom e m easures of the participants in this study with that of age-, 

sex-, and education-m atched healthy individuals who participated in the M aastricht Aging 

Study. 

A lthough the participants were random ly assigned to the two groups, possible 

differences could exist between the study groups by chance. Therefore, differences in 

dem ographic characteristics (age and education), intelligence, and M M SE score between the 

two groups were exam ined using Student t-tests. A  Chi-square test was used to analyse group 

differences with respect to sex and m arital status (m arried/cohabiting versus others). G eneral 

Linear M odel (G LM ) with repeated m easures analysis of variance was used to exam ine the 

effects of the intervention. Analyses were perform ed with group (two levels: intervention 

group, control group) as between-subject variable and tim e (two levels: first follow-up and 

second follow-up) as the within-subject factor. Baseline scores at m easurem ent 2 were treated 

as covariates in this m odel to control for baseline group differences. Consistent with the rules 

for clinical trails, all analyses were based on the groups as random ised, according to the 

principle of ‘intention-to-treat’, i.e. all participants were analysed in the groups to which they 
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were originally random ised, regardless of whether they had received or adhered to the 

allocated intervention (A ltm an et al., 2001). Analyses were perform ed using the SPSS for 

M acintosh program  series, version 10 (SPSS-Inc., Chicago), with p=0.05 as significance level. 

 

 

Results 

 

Recruitm ent of participants 

Two hundred and eleven people aged 55-82 were screened for participation. O f 

these, 106 were excluded: 82 had no executive problem s or com plaints, 18 had already 

participated in a neuropsychological research program , 5 were younger than 55 years, and 1 

had lim ited m obility. Thirty-six adults refused to participate after reading the inform ed consent 

or after the screening due to insufficient m otivation or interest. Sixty-nine participants were 

random ised to the intervention or control group. The intervention group started with 38 

persons, of whom  35 received the training and 3 persons decided after assignm ent not to start 

with the intervention, but who stayed in the study and provided follow-up data. M ain reasons 

for not starting the course were health-related problem s or being too busy with other 

activities or work. After the dual baseline, one person in the intervention group dropped out 

because of illness. The control group consisted of 31 participants. O ne person of the control 

group refused to participate after the dual baseline m easurem ent, because of a lack of interest. 

Thus data for 37 people in the intervention group and 30 people in the control group were 

analysed. Results of recruitm ent and random isation are given in Figure 1. Post hoc power 

analysis on the available num ber of participants using a m edium  critical effect size of 0.15 and 

an alpha level of 0.05 resulted in a power of 0.88 for this study (Buchner, Faul, &  Erdfelder, 

1992). 

 

Com parison w ith participants from  the M aastricht A ging Study 

After m atching for age (2 groups), sex and education (2 groups), the study 

participants reported m ore cognitive failures on the CFQ  total score (t(1,134)=7.23, p<0.01), 

hindrance (t(1,134)=7.66, p<0.01), worry (t(1,134)=5.98, p<0.01), and m ore annoyance 

(t(1,134)=5.13, p<0.01) about these failures than did participants enrolled in the M aastricht 

Aging Study. In addition, they had worse scores on the interference score of the Stroop Colour 

W ord Test (t(1,132)=3.63, p<0.01). 
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Figure 1. Flowchart of the participants 

 

 

 

 

 

38 experimental participants 

Assigned to intervention (n=38) 
Received intervention (n=35) 
Did not receive intervention (n=3) 
(main reasons for not receiving 
intervention were health-related problems 
or too busy with other activities or work) 

Lost to follow up (n=1) 
(due to disease) 

Analysed (n=37) 

31 control participants 

Assigned to control (n=31) 

Lost to follow up (n=1) 
(due to a lack of interest) 

Analysed (n=30) 

Excluded (n=142) 
Not meeting inclusion criteria (n=106) 
Refused to participate (n=36) 

211 participants 

69 randomised 
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Baseline characteristics 

D em ographic characteristics and m ean M M SE and IQ  scores are sum m arised in Table 1. The 

intervention group and the control group did not differ on age (t(1,67)=-0.65, p=0.52), sex 

(Chi-square=0.06, p=0.81), educational level (t(1,67)=-0.43, p=0.67), m arital status (X2=0.01, 

p=0.94), or M M SE score (t(1,67)=-1.27, p=0.21). The IQ  scores of the intervention group were 

slightly, but significantly, lower than those of the control group (t(1,67)=-1.99, p=0.05). 

 

 

Table1. D em ographic characteristics of the participants in the study 

 Experim ental Control p-value 

N 37 30  

A ge 62.4 (5.4) 63.3 (5.9) 0.52 

Sex (%  w om en) 82%  83%  0.81 

Education 3.6 (1.8) 3.8 (2.0) 0.67 

M arital status 

(%  living together/m arried) 
68%  67%  

0.94 

IQ  113.7 (12.7) 119.4 (10.3) 0.05 

M M SE 28.5 (1.3) 28.9 (1.4) 0.21 

M M SE= M ini M ental State Exam ination 

Note: Student t-tests were used for age, education, intelligence and M M SE-score. Sex and m arital status 

were analysed using Chi-square test 

 

 

Effects of the G oal M anagem ent Training 

The intervention group experienced less annoyance after the training than did the control 

group (F(1,62)=5.94, p=0.02, see Table 2). Interaction effects were not significant (F(1,62)=0.05, 

p=0.82), indicating that the intervention effect was already present im m ediately after the 

intervention and did not change after 7 weeks of follow-up. Furtherm ore, participants in the 

intervention group were better able to m anage executive failures after training (F(1,63)=4.28, 

p=0.04). The interaction effect was not significant (F(1,63)=0.84, p=0.36); thus there was no 

difference between the first follow-up m easurem ent and the second follow-up m easurem ent. 

The total score on the CFQ , and the additional questions concerning hindrance and worries 

about cognitive failures did not significantly im prove after participants followed the training 

com pared to control participants. The intervention had no effect on the interference score of 

the SCW T (F(1,63)=0.01, p=0.91) and there was no interaction effect (F(1,63)=0.83, p=0.34), 

which suggested that both at short and long term  the intervention had no effect on the 

interference score of the SCW T. 
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Table 2. Adjusted m eans, standard error of the m ean (SEM ) and results of tests for group 

differences of the subjective m easures and objective test perform ance. 

 Short-term  post-

intervention 

Long-term  

post-

intervention 

M ain 

effect 

Interaction 

effect 

 M ean (SEM ) M ean (SEM ) p-value p-value 

Subjective m easures 

CFQ  total score 

Experim ental 

Control 

 

40.29 (1.43) 

42.81 (1.60) 

 

40.83 (1.40) 

43.38 (1.56) 

0.21 0.98 

CFQ  hindrance 

Experim ental 

Control 

 

2.84 (0.10) 

2.93 (0.11) 

 

2.76 (0.11) 

2.95 (0.12) 

0.29 0.55 

CFQ  w orries 

Experim ental 

Control 

 

2.67 (0.11) 

2.99 (0.12) 

 

2.62 (0.11) 

2.65 (0.12) 

0.19 0.11 

CFQ  annoyance 

Experim ental 

Control 

 

2.37 (0.14) 

2.81 (0.15) 

 

2.49 (0.15) 

2.98 (0.17) 

0.02 0.82 

Executive 

com plaintsa 

Experim ental 

Control 

 

63.35 (0.91) 

60.19 (1.03) 

 

62.21 (0.93) 

60.13 (1.05) 
0.04 0.36 

O bjective test perform ance 

SCW T interference 

Experim ental 

Control 

 

19.63 (0.93) 

20.92 (1.09) 

 

21.07 (0.96) 

20.25 (1.09) 

0.85 0.18 

CFQ  = Cognitive Failure Q uestionnaire, SCW T = Stroop Colour W ord Test 

Follow-up group differences were analysed using Analysis of Variance, adjusted for baseline score 
a Higher score reflect less com plaint about executive functioning 

 

 

Additional analyses were perform ed to adjust for the sm all but significant difference 

in IQ  between the two groups. A  sim ilar pattern of results was found: participants in the 

intervention group experienced less annoyance (F(1,61)=5.22, p=0.03) and were better able to 

m anage executive failures (F(1,62)=4.32, p=0.04) after the training than the did control 

participants. Again, no interaction effects were found, indicating that the intervention effect 

already present im m ediately after the intervention did not change after 7 weeks follow-up. 
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D iscussion 

 

The aim  of this study was to evaluate a structured course for older adults that included the 

principles of G M T and psycho-education, using a random ised controlled design. After the 

intervention, participants in the training group were better able to m anage previously 

reported cognitive failures and were less annoyed by cognitive failures than were participants 

in the waiting list control group. Participants who had received the intervention reported that 

they were better able to perform  activities according to a plan, to estim ate the tim e needed for 

an activity, and they were less distracted during an everyday activity. Thus after being taught 

to identify situations characterized by a risk of cognitive failure and to state appropriate goals 

when confronted with such situations, the trained participants appeared to be better able to 

structure activities in daily life and to work according to a plan. Training effects were not 

reflected by an im proved objective test perform ance: Stroop Colour W ord Test interference 

score did not im prove after training. Thus, subjective aspects appear to be m ore im portant 

than objective test perform ance. Accordingly, strategies to cope with cognitive dysfunctioning 

and attitudes toward cognitive problem s did im prove. This finding m ay be im portant for 

health care, because m any com m unity-dwelling older adults experience cognitive com plaints 

and therfore m ay seek m edical attention unnecessarily. 

In the present study, we accounted for several m ethodological drawbacks that have 

flawed previous cognitive intervention studies. First, the large num ber of participants who 

were included ensured sufficient ‘power’ to detect m edium -sized intervention effects. M ost 

previous intervention studies included fewer participants (e.g. Rasm usson, Rebok, Bylsm a, &  

Brandt, 1999; Rebok, Rasm usson, Bylsm a, &  Brandt, 1997; Schm idt, Zwart, Berg, &  D eelm an, 

1999, N=46, N=32, and N=45 respectively). Secondly, a random ised controlled design was 

used, which provides the best evidence about the efficacy of health care interventions (A ltm an 

et al., 2001). Up till now, this type of design has been used only occasionally in studies of 

behaviour m odification (e.g. psychotherapy) despite its great advantages. Thirdly, in order to 

estim ate the effects of allocating an intervention in clinical practice, the data were analysed on 

an intention to treat basis. This analysis avoids the bias associated with non-random  loss of 

participants (A ltm an et al., 2001). Fourthly, people with cognitive im pairm ents and m ajor 

depression were excluded, and therefore resulted in a hom ogeneous group of older adults. In 

addition, single sex treatm ent groups m ay have optim ised group processes. In short, this study 

accounted for m any problem s that previous studies have failed to deal with adequately. 

The intervention dim inished hindrance and im proved the m anagem ent of reported 

executive problem s, but the effect sizes were relatively m odest. Levine et al. (2000) found that 

the intervention significantly im proved objective cognitive perform ance (on paper and pencil 
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tests), whereas we did not. O ne explanation for this finding is that these older adults were not 

as im paired as patients with brain injury, and therefore their capacity for im provem ent m ay 

have been m ore lim ited. A nother explanation is related to problem s that m ay be encountered 

when using executive tests for the purpose of treatm ent evaluation. First, cognitive tests m ay 

not be sensitive enough to detect intervention effects that focus on various aspect of 

behavior, notably executive functioning. Second, because objective perform ance on cognitive 

tests appears not to be related to subjective cognitive functioning (Bolla, Lindgren, 

Bonaccorsy, &  Bleecker, 1991; Com m issaris, Ponds, &  Jolles, 1998; Ponds &  Jolles, 1996). It 

should be rem em bered that objective and subjective functioning do not necessarily both 

change after an intervention. The participants reported feeling less annoyed with their failures, 

which suggests that they m ay have changed their coping strategies, as reported earlier 

(Com m issaris et al., 1996). Thirdly, the available executive tests with high ecological validity, 

such as the Behavioral A ssessm ent of the D ysexecutive Syndrom e (W ilson, A lderm an, Burgess, 

Em slie, &  Evans, 1996), require that the test is novel for the participants, which im plicates that 

no valid scores can be obtained when these tests are adm inistered on 2 or m ore occasions a 

few weeks apart. Thus, these tests are not suitable for the m easurem ent of change in a design 

as used in the present study. 

The participants of this study were selected on problem s with executive functions, 

such as being chaotic and disorganised, and being often distracted, etc. They all reported 

m ore cognitive failures, m ore annoyance, hinder and worry about these failures than age-, sex- 

and education-m atched people from  the M aastricht Aging Study. In addition, they were m ore 

sensitive to interference on the Stroop Color W ord Test. This indicates that we indeed have 

selected a group of older adults who experienced cognitive failures and who m ay be less able 

to cope with these problem s. Based on extensive evaluations by the trainers, it appears to be 

very im portant to select persons with executive problem s and who have adequate insight into 

their problem s in order to benefit from  such a training program m e. In our opinion, individuals 

who do not experience difficulties with their executive functions m ay not recognize, and 

therefore not apply, the problem s and item s that are discussed during training. People with 

less insight into their functioning m ay not be able to apply the strategy, in particular the stop 

stage that requires insight into the problem  when cognitive failures occur. 

In conclusion, the structured course based on the G M T tested in this study appears 

to im prove the ability of older people who experience cognitive problem s to m anage 

executive failures and to be less annoyed with cognitive failures. As the intervention was 

relatively short, with 12 sessions, and because the subjective evaluation of the people after 

training was quite favourable, the intervention can be considered a valuable contribution to 

cognitive interventions for older adults. M oreover, the finding that executive functions, such 
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as planning activities, perform ing m ultiple tasks, and m anaging novel situations, are am ong 

the first functions to decline in older people m akes it im portant to develop an effective 

intervention that addresses the problem s associated with a failure of executive function. 
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D oes cognitive function in older adults w ith 

hearing im pairm ent im prove by hearing aid  use? 
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A bstract 

In the present study, the effects of hearing aid use by hearing-im paired older individuals were 

investigated on different aspects of cognitive function, such as m em ory, attention, executive 

functioning, and processing speed. Fifty-six participants who were fitted with hearing aids for 

the first tim e were com pared with 46 control participants with an equivalent hearing 

im pairm ent, but who were not fitted with a hearing aid. A fter a dual baseline m easurem ent 

and fitting of the hearing aids, all participants were assessed again with neurocognitive tests 

after 12 m onths. W hile the participants with hearing aids had im proved aided hearing 

thresholds, they did not dem onstrate an im proved perform ance on the cognitive tests 

com pared to the controls. Thus im proved hearing did not im prove cognitive functioning. 

These findings m ay suggest that hearing aid use only restores im pairm ents at the level of the 

sensory organ, but does not affect the central nervous system  and, as a consequence, 

cognitive functioning. 
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Introduction 

 

The prevalence of hearing im pairm ent increases sharply with age and this condition affects at 

least 30%  of all people aged 65 to 75 years in the U nited States (Cruickshanks et al., 1998). 

U nfortunately, a large num ber of elderly people are not, or not adequately, treated for this 

disability, which m ay negatively affect daily life or cognitive functioning. Indeed, in the past 

decades, research has indicated that hearing im pairm ents can interfere with cognitive abilities 

and intellectual functioning (Baltes &  Lindenberger, 1997; Cacciatore et al., 1999; Lindenberger 

&  Baltes, 1994, 1997; Naram ura et al., 1999; Van Boxtel et al., 2000). For exam ple, Lindenberger 

et al. (1994) dem onstrated that both auditory acuity and visual acuity were positively related 

to sensorim otor speed, m em ory, vocabulary, fluency, and reasoning in 156 individuals who 

were 70 years and older (Lindenberger &  Baltes, 1994). Van Boxtel et al. (2000) reported sim ilar 

findings in their study that investigated the relation between auditory functioning and verbal 

m em ory perform ance in 453 individuals aged between 23 and 82 years. 

The negative relationship between sensory and cognitive m easures m ay be 

explained by a com m on factor, for instance neurodegenerative processes. Thus, the 

correlation between sensory functioning and cognitive ability m ay increase in old age, 

because both are affected by age-related physiological changes in brain function (Anstey, 

Luszcz, &  Sanchez, 2001; Lindenberger & Baltes, 1994, 1997). It has been postulated that a 

prolonged lack of adequate sensory input m ay reduce opportunities for intellectually 

stim ulating exchanges with the environm ent and could result in a reduced efficacy of neural 

networks involved in cognitive abilities, for exam ple, through a loss of synaptic connectivity or 

neuronal atrophy (Lindenberger & Baltes, 1994; Sekuler &  Blake, 1987). 

D espite interest in the association between hearing im pairm ent and cognitive 

dysfunction, only two studies have investigated whether im provem ent of hearing in older 

adults by the use of hearing aids im proves cognitive perform ance com pared with that of 

hearing-im paired individuals not using hearing aids (M ulrow et al., 1990; Tesch-Rom er, 1997). 

In a random ized-controlled trial, M ulrow et al. (1990) investigated 194 adults older than 64 

years, 99 of whom  were fitted with a hearing aid. After 6 m onths, the hearing aid group had a 

significantly better perform ance than the control group on a general cognitive m easure (Short 

Portable M ental Status (Pfeiffer, 1975)). In contrast, Tesch-Rom er (1997), in their study of 

people aged between 51 and 87 years with m ild-to-m oderate hearing loss who were fitted 

with a hearing aid (n = 70) and two age-m atched control groups (hearing-im paired control 

group without hearing aids, n = 42, approxim ately norm al hearing control group, n = 28), 

found no im provem ent of perform ance on speed, vocabulary, and fluency tasks in the hearing 
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aid group after 6 m onths. Thus, so far, the studies that exam ined the effects of im proved 

hearing on cognition have yielded contradictory results. 

The present controlled intervention study investigated a broad range of cognitive 

dom ains that had previously shown positive associations with auditory acuity in cross-

sectional studies of older adults (Baltes &  Lindenberger, 1997; Lindenberger &  Baltes, 1994; Van 

Boxtel et al., 2000), using cognitive tests that are particularly sensitive to aging. These 

cognitive tests were all presented in their standard sensory m ode, i.e. visually. The 

abovem entioned studies m easured cognitive function about 6-m onth after hearing aids were 

fitted, because habituation to hearing aid use stabilizes after about 6 m onth (Henrichsen, 

Noring, Lindem ann, Christensen, &  Parving, 1991). However, we assessed cognitive 

perform ance later, at 12 m onths. This choice was based on the assum ption that the effect of 

hearing aid use on cognitive perform ance m ay need additional tim e before restoration of 

degraded neural circuits is achieved by the restored auditory input (e.g. Robertson &  M urre, 

1999). 

In sum m ary, the m ain aim  of the present study was to exam ine whether hearing aid 

use in older adults im proved cognitive function 12 m onths later com pared to that of persons 

not using hearing aids. If hearing aid use leads to im proved cognitive function, this m ay have 

im plications for preventive strategies to reduce age-related cognitive decline in older 

individuals. 

 

 

M ethods 

 

Participants 

Participants were recruited from  the Ear, Nose, and Throat D epartm ent of the U niversity 

Hospital M aastricht and from  the Health Centre Neerbeek, the Netherlands. A ll recruited 

participants were diagnosed with sensorineural hearing loss, i.e. an average pure-tone 

auditory threshold of 35dB or m ore for the best ear m easured at 1, 2 and 4 KHz (D avis, 1995). 

Participants in the intervention group were fitted with hearing aids, whereas participants in 

the control group refrained from  hearing aid use. Inclusion criteria were age 60 years or older, 

a m inim um  score of 24 on the M ini-M ental Status Exam ination, sufficient com prehension of 

the D utch language, and no previous participation in a neuropsychological research 

program m e. Exclusion criteria were docum ented evidence of neurological diseases of the 

central nervous system  (e.g. dem entia, Parkinson's disease) and a m ajor psychiatric disorder. 

The local m edical ethics com m ittee approved the study and all participants gave their 

inform ed consent. 
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A uditory acuity 

Calibrated standard audiom eters with standard earphones were used in this study. A  

calibrated portable screening audiom eter (Interacoustics AS7, D enm ark) in a quiet room  was 

used for threshold testing. Participants with hearing aids were assessed using free field 

audiom etry in an audiom etric booth at the D epartm ent of Audiology of the M aastricht 

U niversity Hospital. The test protocol was identical for all participants. Pure-tone auditory 

thresholds were determ ined for each ear at six frequencies (0.25, 0.50, 1, 2, 4, and 8 KHz) 

always starting with the right ear. The auditory threshold for each frequency was fixed at the 

level at which the participant could detect the tone in two out of three presentation trials. 

Hearing thresholds are expressed in decibel units and tones were adm inistered using a 

stepwise procedure (-10, +5 dB steps). Participants who were unable to identify a tone at 90dB 

were assigned the m axim um  score of 90 for that tone. O verall hearing acuity is expressed as 

the average of hearing thresholds at 1, 2 and 4 KHz for the best ear, according to 

recom m endations for the assessm ent of hearing handicap (D avis, 1995). 

 

Cognitive m easures 

Since hearing deficits and general cognitive perform ance, such as perceptual speed, 

reasoning, m em ory, knowledge, and verbal fluency, were earlier found to be associated (Baltes 

&  Lindenberger, 1997; Lindenberger &  Baltes, 1994, 1997), a broad range of cognitive tests was 

adm inistered to assess perceptual speed, speed of inform ation processing, cognitive flexibility, 

m em ory, and verbal fluency. 

The Stroop Colour-W ord Test (SCW T) is a m easure of selective attention and speed of 

inform ation processing. This test involves three cards displaying forty stim uli each (Houx &  

Jolles, 1993; Stroop, 1935). The first card displays colour words printed in black ink, which have 

to be read aloud by the participant. The second card displays coloured patches, which have to 

be nam ed. The last card displays colour nam es printed in incongruously coloured ink. 

Participants are instructed to nam e the ink colour of the printed words. By subtracting the 

tim e needed for the last part from  the m ean score for the first and second parts (SCW T-12), an 

interference score can be calculated (SCW T-i). This interference score is a m easure of inhibition 

of a habitual response, which is considered to draw on the dom ain of executive functioning. 

The Concept Shifting Task (CST; (Vink &  Jolles, 1985) is a m odified version of the Trial 

M aking Test and is used as an instrum ent to m easure sim ple cognitive speed and cognitive 

flexibility. It consists of three parts. O n each test sheet, 16 sm all circles are grouped in a larger 

circle. The sm aller circles contain num bers, letters, or both, appearing in a fixed random  order. 

Participants are instructed to cross out the item s in the right order. In the last part, participants 

have to alternate between num bers (1-8) and letters (A -H). The scores correspond to the tim e 
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needed to com plete each trial. The difference between the last part and the m ean score of the 

first and second parts (CST-ab) is considered to reflect the additional tim e needed to shift 

between both sets of stim uli (CST-i). 

The Letter-D igit Substitution Test (LD ST) m easures general inform ation processing 

speed. This test is a m odified version of the Sym bol D igit M odalities Test (Lezak, 1995; Sm ith, 

1968). A  code is presented at the top of a page, in which a digit is linked to a letter. Participants 

have to fill in blank squares that correspond to the correct code. The dependent variable is the 

num ber of letters filled in correctly in 90 seconds. 

Intentional learning and verbal m em ory functioning were m easured using the Visual 

Verbal Learning Test (VVLT). In this test, 15 m onosyllabic words are sequentially presented 

visually with an inter-stim ulus-interval of 2 seconds. Participants are asked to recall as m any 

words as possible. This procedure is repeated five tim es (Brand &  Jolles, 1985). Because of an 

observed ceiling effect in the last two trials, the total score of the first three trails is used as 

dependent variable. After 20 m inutes, participants are asked to reproduce the learned words 

again, as an estim ate of delayed recall. 

In the Verbal Fluency Test (Lezak, 1995) participants are asked to produce as m any 

words as possible in a given category (anim als) in 60 seconds. The variables of interest are the 

num ber of correctly nam ed anim als. The score can be seen as a m easure of adequate, strategy-

driven retrieval of inform ation from  sem antic m em ory. 

 

O ther variables 

Four subtasks of the G roningen Intelligence Test (G IT) were used to estim ate IQ  (Luteijn &  van 

der Ploeg, 1983). The four subtasks involved were: the correct com pletion of as m any addition 

sum s as possible in 1 m inute; indicating which of five alternative words is synonym ous with a 

given word; indicating which two-dim ensional shape from  a larger set is needed to exactly fill 

up a given space; and indicating which of five alternatives is related in the sam e way to a given 

word as two words in an exam ple. 

Level of education was indexed on an 8-point ordinal scale: 1=prim ary education, 

2=lower vocational education, 3=interm ediate general secondary education, 4= interm ediate 

vocational education, 5=higher general secondary education/ university preparatory 

education, 6=higher vocational preparatory education, 7=higher professional education, 

8=university education (D e Bie, 1987). 
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Procedure 

The study had a dual baseline, controlled design. Participants were not random ly assigned to 

groups because this was ethically unfeasible. For this reason, the control group consisted of 

participants with an objective hearing im pairm ent but who did not volunteer for the use of 

hearing aids because they had less severe com plaints about their hearing im pairm ent, had no 

subjective hearing handicap, or considered a hearing aid too expensive (in the Netherlands, 

health insurance covers only part of the cost of a hearing aid and only if the im pairm ent is at 

least 35 dB, averaged across 1,2, and 4 kHz for the best ear). Participants in the intervention 

group had never used a hearing aid previously. A ll participants were tested on three occasions. 

First, a dual baseline m easurem ent was perform ed in order to reduce the possible effects of 

(procedural) learning. The m ean interval between the first and second assessm ents was 13 

days. The second baseline m easurem ent was taken as the reference perform ance level before 

intervention. Next, participants in the intervention group were fitted with hearing aids. The 

m ean interval between the second baseline m easurem ent and fitting of hearing aids was10 

days (SD =53.2). A ll participants were re-tested after 12 m onths, counted from  the m om ent of 

the first baseline assessm ent. The neuropsychological tests were adm inistered in the sam e 

order on all test occasions. Since learning effects m ay occur in the Visual Verbal M em ory Test, 

parallel versions were used (Hijm an et al., 1992). 

 

Statistical analysis 

First, differences in dem ographic variables (i.e. age, educational level, and intelligence) and 

hearing ability between both groups were com pared using Student t-tests. A  Chi-square test 

was used to analyse group differences with respect to sex. In order to exam ine the effect of 

hearing aid use on auditory acuity and cognitive functioning, the perform ance of the 

intervention and control groups at follow-up was com pared using an Analysis of Variance 

(ANO VA), with adjustm ent for the baseline score. In addition, when analysing the effect of 

hearing aids use on cognitive function, age, sex, and educational level were treated as 

covariates, because these variables are established factors that m ay directly affect cognitive 

functioning. A ll analyses were perform ed on an 'intention to treat' basis, i.e. the original group 

assignm ent was kept fixed at the start of the trial (A ltm an et al., 2001). Furtherm ore, additional 

analyses were perform ed for those individuals in the intervention group who used their 

hearing aid at least 8 hours a day. They were com pared with the control participants who still 

chose not to use a hearing prosthesis after assignm ent to the control group (com pliance 

analysis). A ll analyses were perform ed using the SPSS for M acintosh program  series, version 10 

(SPSS-Inc., Chicago), with p=0.05 as significance level. 
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Results 

 

Recruitm ent 

Two hundred and ten individuals were screened for participation in this study (Figure 1). O f 

the 124 adults who were to receive a hearing aid, 49 refused to participate in the study and 4 

did not m eet the inclusion criteria (M M SE score <24).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Flowchart of the participants 
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Four individuals in the intervention group postponed using hearing aids and 15 people (21% ) 

did not com plete all m easurem ents. M ain reasons for dropout were lack of interest (n=8), 

illness (n=2), and other or unspecified reasons (n=5). The control group consisted of 86 

individuals who did not want to use hearing aids. O f these people, 27 refused to participate 

and 8 were excluded (M M SE score <24). D uring the study period, however, four individuals in 

the control group decided to start using hearing aids; their data were included in the statistical 

analysis because of the ‘intention to treat’ notion. Five control people (i.e. 10% ) did not 

com plete the study due to lack of interest (n=2), illness (n=1), or unspecified reasons (n=1); 1 

participant died. The num ber of dropouts was not significantly higher in the intervention 

group (Chi-square=2.78; p=0.10). Finally, 102 participants com pleted all assessm ents (i.e. 56 

experim ental, 46 control). 

 

Baseline characteristics 

There were no significant differences between the intervention group and the control group 

with respect to age (t(1,101)=-1.40, p=0.17), sex (Chi-square(1,131)=0.02, p=0.90), educational 

level (t(1,101)=-0.03, p=0.97), intelligence level (t(1,101)=1.09, p=0.28), or hearing threshold 

(t(1,101)=1.59, p=0.12; see Table 1). 

 

Table 1. M eans and standard deviations of dem ographic variables and hearing acuity in  

both study groups 

 Intervention Control p-value 

N 56 46  

Age 72.5 (7.3) 74.5 (6.8) 0.17 

Education 3.2 (2.0) 3.2 (2.1) 0.97 

Sex (%  m en) 64%  63%  0.90 

Intelligence 117.7 (14.0) 114.5 (14.8) 0.28 

Hearing threshold 46.5 (7.3) 44.1 (7.7) 0.12 

Note: Student’s t-tests were used to test differences in age, education, intelligence, and  

hearing threshold. Sex differences were analysed using Chi-square test. 

 

 

Effects of hearing aid use 

O ne year after the start of the study, the intervention group had better aided auditory 

thresholds than the unaided control group (F(1,92)=12.16, p<0.01); however hearing aid use 

did not im prove cognitive perform ance (for all tests: F(1,92)<1.54, p>0.22; see Table 2). 

U nexpectedly, the intervention group had a poorer perform ance on SCW T I/II than the control 

group 1 year after the hearing aids were fitted (F(1,92)=5.51, p<0.05). 
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An essentially sim ilar pattern of results was seen in the m ixed design ANO VAs with one 

between-subjects factor (intervention/control) and one within subjects factor (baseline/follow-

up). Additional analyses were perform ed to com pare control participants who did not take 

hearing aids within the study period (n=42) with participants in the intervention group who 

used their hearing aid at least 8 hours per day (n=31). These analyses again revealed that there 

was no differential im provem ent in cognitive perform ance in hearing aid users (for all tests: 

F(1,72)<3.44, p>0.07; results not tabulated). 

 

Table 2. M eans, standard deviations (SD ), standard errors (SE), and results of tests for group 

differences of the objective test perform ances. 

U nadjusted Adjusted   a    

Baseline 1-year  

follow-up 

1-year 

follow-up 

F-value p-value 

 M ean (SD ) M ean (SD ) M ean (SE)   

SCW T I/II b    5.51 0.02 

 Intervention 21.81 (5.17) 22.87 (5.78) 22.78 (0.28)   

 Control 21.70 (4.61) 21.69 (3.61) 21.80 (0.31)   

SCW T I b    0.15 0.70 

 Intervention 30.58 (14.02) 35.51 (24.43) 37.22 (2.55)   

 Control 38.21 (25.00) 37.88 (16.87) 35.75 (2.85)   

CST ab b    0.09 0.76 

 Intervention 28.83 (8.83) 28.70 (9.79) 29.08 (0.77)   

 Control 29.75 (8.81) 29.91 (8.27) 29.43 (0.86)   

CST I b    1.45 0.23 

 Intervention 20.42 (17.40) 22.07 (17.55) 21.88 (2.07)   

 Control 17.23 (17.75) 17.86 (19.42) 18.10 (2.31)   

VVLT im m ediate recall    0.16 0.69 

 Intervention 22.89 (5.97) 25.50 (5.63) 25.61 (0.52)   

 Control 23.59 (4.76) 24.96 (5.85) 25.30 (0.59)   

VVLT delayed recall    0.73 0.40 

 Intervention 9.64 (3.19) 10.09 (2.91) 9.75 (0.29)   

 Control 8.31 (2.98) 9.47 (3.44) 10.13 (0.33)   

LD M T    0.91 0.34 

 Intervention 27.34 (6.71) 26.32 (6.82) 25.84 (0.44)   

 Control 26.22 (7.87) 24.60 (7.65) 25.20 (0.50)   

Verbal Fluency    1.54 0.22 

 Intervention 27.30 (6.63) 25.18 (6.87) 24.89 (0.70)   

 Control 26.72 (6.30) 23.22 (6.32) 23.58 (0.79)   

SCW T= Stroop Colour W ord Test; CST = Concept Shifting Task; LD ST = Letter D igit Substitution Test; VVLT= 

Visual Verbal Learning Test.  
a Follow-up group differences were analysed using Analysis of Variance, adjusted for baseline score, age, 

sex, and educational level 
b Higher scores reflect poorer perform ance 
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D iscussion 

 

The aim  of the present study was to exam ine the effects of hearing aid use by older adults on a 

broad range of cognitive functions, including inform ation processing speed, m em ory, and 

verbal fluency. A ided hearing acuity im proved after intervention com pared to participants 

who did not receive hearing aids. However, hearing aid use did not affect cognitive 

perform ance in older adults over a 12-m onth episode. It thus appears that hearing aid use only 

com pensates for im pairm ents at the level of the sensory input system  but does not contribute 

to an im provem ent in the efficiency of inform ation processing m echanism s at the level of the 

central nervous system . 

The findings of M ulrow et al. (1990), that hearing aid use had beneficial effects on 

global cognitive functioning m ay be explained by the fact that the Short Portable M ental 

Status Test used in that study to m easure global cognitive functioning contains ten questions 

that are presented in an auditory m ode. Hearing-im paired individuals m ay be less able to 

identify auditory inform ation and therefore perform  worse than individuals who use hearing 

aids. This is also in line with earlier findings from  Van Boxtel et al. (2000) who found a direct 

relationship between the degree of hearing loss and verbal m em ory when auditory stim uli 

were used. The tests used both in our study and in the study of Tesch-Röm er (1997) were 

presented visually, and the findings from  both studies indicated that hearing aid use had no 

effect on cognitive functions. Therefore, it seem s that the difference in presentation m ode 

between these studies m ight explain the inconsistent findings. 

Theoretically, it rem ains possible that the effects of hearing aid use appear only after a 

period longer than twelve m onths. The sensory deprivation hypothesis expects that the 

absence of stim ulation of a particular sensory system  over a longer period of tim e lim its 

com m unication and m ay thus affect cognitive functioning. The am ount of tim e needed for 

cognitive im provem ent to becom e apparent is ,however, unspecified, and m ay be m ore than 

the tim e fram e that was chosen for the present study. This issue m ay be addressed in future 

studies in which the change in cognitive perform ance is followed over a longer period of tim e, 

perhaps even years. 

Several aspects should be considered when interpreting these results. First, the low 

correlations between cognitive m easures and sensory functioning are not in line with the 

findings of previous studies. Studies that have dem onstrated substantial associations between 

cognitive m easures and auditory and visual functioning included a study population with a 

m uch larger variability in sensory acuity (Valentijn et al., accepted). The range of hearing 

thresholds in the present study was restricted, since our study population only included 

participants with m ild to severe hearing loss. This ‘restriction of range’ m ay have caused the 
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correlations between hearing threshold levels and cognitive m easures to rem ain below the 

significant level. Second, as m entioned above, while a random ized, controlled trial would be 

the best option to overcom e any potential pre-existing between-group differences, it was 

considered unethical to stop or delay the use of a hearing aid by persons who need one, which 

forced us to use the present design. Therefore, the conclusions from  this study are drawn on 

the assum ption that the intervention group and the control group did not differ substantially 

at baseline in term s of variables that m ay have affected the outcom e of the study. The 

participants of the intervention group expressed com plaints about their hearing and applied 

for hearing aids, whereas the participants in the control group, who m ay also have 

experienced difficulties in hearing, did not consider the use of a hearing aid. A lthough these 

group differences could be explained by different coping styles, this was considered less likely 

because the general tendency to com plain, m easured by the neuroticism  scale of the Eysenck 

personality scale (Eysenck, Eysenck, &  Barrett, 1985), was not m ore pronounced in the 

intervention group (F(1,95)=0.87; p=0.35). A  third point concerns the control group’s better 

perform ance after 1 year on the sim ple speed m easure of the Stroop Colour-W ord Test. This 

subtle difference disappeared in the additional analyses com paring a com pliant group of 

participants (i.e. participants who used their hearing aid at least 8 hours a day) with control 

participants who did not use hearing aids). W e had no expectation of such effect and consider 

this finding m ost likely to be due to a type I error. 

In conclusion, although hearing aid use is a proven successful intervention to 

alleviate age related hearing loss, the im pact of using hearing aids would probably have no 

m ajor im plications for cognitive m echanism s m ediated by the central nervous system  in older 

healthy adults. The clinical observation that hearing-im paired individuals who use hearing aids 

m ay have experience an im proved cognitive functioning if inform ation is presented in the 

auditory m ode, m ay sim ply be due to better perceiving and interpreting the auditory 

inform ation. 
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A bstract 

The aim  of this study was to investigate, in hearing-im paired older adults, the effects of 

hearing aid use on hearing-specific and general quality of life m easures that have been 

adversely associated with hearing im pairm ent over a period of 12 m onths. Participants who 

were fitted with hearing aids for the first tim e were com pared with control participants with an 

equivalent hearing im pairm ent, but who were not fitted with hearing aids. After a baseline 

m easurem ent and fitting of the hearing aids, all participants filled in questionnaires on quality 

of life (EuroQ ol and SF-36), depressive sym ptom atology (depression subscale of SCL-90) and 

subjective auditory ability (AD PI) at both 6 and 12 m onths. Analysis of variance revealed that 

hearing thresholds im proved after hearing aid use. Both at 6 and 12 m onths, hearing aids 

im proved subjective auditory ability. However, in the intention to treat analysis, hearing aid 

use did not have positive effects on general quality of life m easures. Still, a subgroup of 

hearing aid users who experienced im proved subjective auditory functioning reported better 

physical and social functioning, fewer physical problem s, a better m ental health, and m ore 

vitality after hearing aid use com pared with the control group. The use of hearing aids in older 

adults seem s helpful in im proving both objective and subjective auditory functioning. People 

who felt they heard better with a hearing aid also experience a general im provem ent in quality 

of life m easures. 



Hearing aid use and quality of life 
 

 

115 

Introduction 

 

M ore than one-third of people older than 60 years have a hearing im pairm ent (Tesch-Rom er, 

1997). Hearing im pairm ent in old age, also known as presbyacusis, is characterised by a 

gradual decrease in hearing, particularly in the higher frequencies that are relevant for 

understanding speech (Kline &  Scialfa, 1996). Not only com m unication problem s m ay arise 

(Fook, M organ, Sharm a, Adekoke, &  Turnbull, 2000), presbyacusis m ay also adversely affect 

well-being, quality of life (Bess, 2000), (instrum ental) activities of daily life (Carabellese et al., 

1993; Strawbridge, W allhagen, Shem a, &  Kaplan, 2000; W allhagen, Strawbridge, Shem a, Kurata, 

&  Kaplan, 2001), social (M ulrow, Aguilar, Endicott, Velez et al., 1990), physical (Reuben, M ui, 

D am esyn, M oore, &  G reendale, 1999), and psychological functioning, such as depressive 

sym ptom s (Cacciatore et al., 1999; Naram ura et al., 1999; Pope & Sowers, 2000; Scherer & 

Frisina, 1998). In the present study, we investigated the extent to which hearing-im paired 

older adults benefit from  rehabilitation with hearing aids in term s of hearing specific 

functioning and functions known to be related to hearing im pairm ents. 

In the past decades, several studies have investigated the effect of hearing aid use in 

older adults, both on disease-specific and generic m easures of functioning (Appollonio, 

Carabellese, Frattola, &  Trabucchi, 1996; Bess, 2000; Joore, Brunenberg, Chenault, &  Anteunis, 

2003; M ulrow, A guilar, Endicott, Tuley et al., 1990; Tesch-Rom er, 1997; W einstein, 1996). 

However, few of these studies have evaluated these effects using a controlled study design 

(M ulrow, A guilar, Endicott, Tuley et al., 1990; Tesch-Rom er, 1997). The random ised controlled 

study of M ulrow et al. (1990) investigated adults aged 64 years and older. People who were 

fitted with hearing aids (n=95) showed significant im provem ents in specific hearing-related 

m easures, depressive sym ptom s, and general cognitive functioning 6 m onths later, com pared 

with people in the waiting list control group (n=99); however, no significant changes were 

found on a generic functional health status m easure. Because m ost participants were m ale 

veterans, the results of M ulrow et al. (1990) m ay not be generelizable to other populations. In 

another controlled intervention study, Tesch-Rom er (1997) detected positive effects of hearing 

aid use in 140 older adults (between 51 and 87 years old) on disease-specific m easures after 6 

m onths, but no effects in general dom ains, such as social activities, satisfaction with social 

relations, well-being, and cognitive functioning. Thus, the controlled studies perform ed so far 

have dem onstrated that hearing aid use m ay have positive effects on hearing-specific aspects 

after 6 m onths. However, there seem s to be no consensus whether hearing aid use m ay affect 

other dom ains of functioning, such as m ood and social functioning, or m ore general dom ains 

of functioning, such as well-being or quality of life. 
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The studies of M ulrow et al. (1990) and Tesch-Rom er (1995) exam ined the effects of 

hearing aid use 6 m onths after the fitting of the prosthesis, which is approxim ately the period 

needed for individuals to get fully accustom ed to using hearing aids (Henrichsen, Noring, 

Lindem ann, Christensen, &  Parving, 1991). It is therefore possible that the effects of hearing aid 

use on m ore generic m easure were not detected after the relatively brief episode of 6 m onths, 

since it m ay be expected that generic effects of hearing aid use will em erge only when persons 

are accustom ed to the use of their hearing aid for a longer period. To our knowledge, no study 

has system atically investigated the long-term  effects of hearing aid use on hearing specific 

and general quality of life m easures. 

In the present controlled intervention study, we investigated whether hearing aid 

use im proved hearing specific aspects and m easures reported to be adversely influenced by 

hearing im pairm ent (i.e. quality of life, depressive sym ptom s, physical functioning, social 

functioning, and hearing specific quality of life) in adults older than 60 years who were fitted 

with hearing aids for the first tim e. This study extended previous studies in that the effects of 

hearing aid use were exam ined at both m edium  (6 m onths) and long-term  (12 m onths) follow-

up occasions. Based on the studies m entioned above, we expected that hearing aid use would 

im prove hearing-related m easures, but would have only a lim ited im pact on the generic 

m easures. 

Im provem ent of auditory functioning with hearing aids in older adults is often 

difficult to accom plish. Hearing aids not only am plify im portant low-intensity inform ation, but 

also unwanted background or com peting sounds and thus hearing aids do not yet offer 

sufficiently sophisticated signal processing to m im ic the processing perform ed by an intact 

auditory system  (Schneider &  Pichora-Fuller, 2000). About a third of older hearing-aid users 

experience difficulties in everyday situations due to m ultiple signals or background noise 

(Schneider &  Pichora-Fuller, 2000). In order to adjust for these difficulties, we also perform ed 

an additional analysis restricted to those participants in the intervention group who clearly 

experienced a subjective im provem ent in hearing. These participants were com pared with a 

control group that did not receive hearing aids. 

 

 

M ethods 

 

Participants 

Participants were recruited from  the Ear, Nose and Throat D epartm ent of the U niversity 

Hospital M aastricht and from  the Health Centre Neerbeek, the Netherlands. A ll recruited 
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participants were diagnosed with sensorineural hearing loss, i.e. an average pure-tone 

auditory threshold of 35dB or m ore at the best ear, m easured at 1, 2 and 4 KHz (D avis, 1995). 

The intervention group received hearing aids, while participants in the control group did not. 

O ther inclusion criteria were age (60 years or older), a score of at least 24 on the M ini-M ental 

State Exam ination (M M SE), and sufficient com prehension of the D utch language in order to 

understand testinstructions. Exclusion criteria were evidence of neurological diseases of the 

central nervous system  (e.g. dem entia, Parkinson's disease) or a m ajor psychiatric disorder. The 

local m edical ethics com m ittee approved the study and all participants gave their inform ed 

consent. 

 

A uditory acuity 

A  calibrated portable screening audiom eter (Interacoustics AS7, D enm ark) was used in a quiet 

room  for pure tone threshold testing. Participants fitted with hearing aids were assessed by 

free field audiom etry inside an audiom etric booth at the D epartm ent of Audiology of the 

M aastricht U niversity Hospital. Testing started at the right ear. Pure-tone auditory thresholds 

were determ ined for each ear at six frequencies: 0.25, 0.50, 1, 2, 4, and 8 KHz. The auditory 

threshold for each frequency was fixed at the level where the participant could detect the tone 

in two out of three presentation trials. Hearing thresholds were expressed in decibel units with 

5 dB accuracy on a scale ranging from  -15 (good hearing ability) to 90 dB (poor hearing ability). 

Participants who were unable to detect tones at 90dB received the m axim um  score of 90. The 

overall hearing acuity was expressed as the average of hearing thresholds at 1, 2, and 4 KHz for 

the better ear, according to recom m endations for the assessm ent of hearing handicap (D avis, 

1995).  

 

Q uestionnaires 

Q uestionnaires were adm inistered to exam ine variables, which were correlated with im paired 

auditory functioning in previous studies, i.e. hearing specific and quality of life (including 

physical and social functioning), and depressive sym ptom s. Selection of questionnaires was 

based on use in earlier studies and adequate reliability. 

 

Q uality of life 

O verall quality of life was m easured with the EuroQ ol, which is a widely accepted 

questionnaire to m easure generic health-related quality of life (G roup, 1990). The EuroQ ol 

includes a single visual analogue scale, presented as a “feeling therm om eter”, with which 

individuals rate their own health-related quality of life. The EuroQ ol is suitable for use in older 
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populations. The scores range from  0 (lowest level of health-related quality of life) to 100 

(highest level). 

Specific dom ains of quality of life were assessed with the SF-36 questionnaire (W are 

&  Sherbourne, 1992). The SF-36 is coded into eight scales: physical functioning, social 

functioning, role lim itations due to physical problem s, role lim itations due to em otional 

problem s, general m ental health, vitality, bodily pain, and general health perceptions. Each 

scale is scored from  0 (lowest level of functioning) to 100 (highest level). 

 

D epressive sym ptom s 

D epressive sym ptom s were scored using the subscale of the Sym ptom -Check-List 90 (SCL-90). 

The SCL-90 is a widely used m ultidim ensional checklist for psychopathological com plaints 

(Arrindell &  Ettem a, 1986; D erogatis, 1977). The theoretical score for depression ranges from  0 

(no sym ptom s) to 80 (m axim um ). 

 

Hearing specific quality of life 

The Audiological D isabilities Preference Index (AD PI) was included to m easure subjective 

auditory ability (Joore et al., 2002). This questionnaire is based on the Am sterdam  Inventory 

(Kram er, Kapteyn, Festen, &  Tobi, 1995). The AD PI can identify different dim ensions of hearing 

disability and handicap, which were based on a factor analysis. The questionnaire consists of a 

total of five item s related to the detection of sounds, intelligibility of speech in quiet 

environm ents, intelligibility of speech in noisy surroundings, auditory localisation, and 

distinction of sounds. Each question has three possible answers: severe problem s (1), 

m oderate problem s (2), and no problem s (3). In addition, respondents rated their own level of 

subjective hearing disability on a visual analogue scale, ranging from  deaf (0) to perfect 

hearing (100). 

 

Procedure 

This controlled intervention study recorded m easurem ents at baseline and at 6 and 12 

m onths. Random  assignm ent of the hearing-im paired participants to the intervention group 

and the control group was deem ed im possible for ethical reasons. In addition, a waiting list 

control design was considered unfeasible for the sam e reason, because available m edical care 

cannot be withhold to patients with a diagnose. In addition, it was concluded that a waiting 

list control group m ay result in substantial bias, due to attrition or non-com pliance. Therefore, 

the control group consisted of age and sex-m atched participants with an objective hearing 

disorder, but who did not volunteer for the use of hearing aids because they had few 

com plaints about hearing im pairm ent, no subjective hearing handicap, or found a hearing aid 
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too expensive. A ll participants had no prior experience with the use of a hearing aid. After a 

baseline m easurem ent, the participants in the intervention group received hearing aids 

adjusted to their personal needs (m ean interval after baseline m easurem ent was 10 days). 

Participants in the intervention group received routine instructions on the use, care, and 

function of the hearing aid. The first follow-up m easurem ent was scheduled 6 m onths after 

the baseline m easurem ent, which is approxim ately the period needed for individuals to get 

fully accustom ed to the use of a hearing aid (Henrichsen et al., 1991). Twelve m onths after the 

first m easurem ent, a second follow-up m easurem ent was scheduled. Auditory acuity was 

m easured at baseline and 12 m onths, whereas the questionnaires were adm inistered at 

baseline and 6 and 12 m onths.  

 

Statistical analysis 

First, differences in dem ographic variables (i.e. age and educational level) and hearing ability 

between groups were com pared using Student t-tests. A  Chi-sqaure test was used to analyse 

group differences with respect to sex. G eneral Linear M odel (G LM ) repeated m easures analysis 

of variance was used to investigate the effects of hearing aid use on quality of life, depressive 

sym ptom s, and hearing specific quality of life. Analyses were perform ed with group 

(intervention yes/no) as between-subject factor, and tim e (first and second follow-up) as 

within-subject factor. Baseline scores were treated as covariates in this m odel, in order to 

control for any pre-existing group differences. Since auditory acuity was m easured at baseline 

and follow-up only, Analysis of Variance (ANO VA), adjusted for baseline score, was used to 

com pare auditory acuity at 12 m onths between the intervention group and the control group. 

The scores of the five questions of the AD PI did not m eet the assum ptions for GLM , since these 

consisted of three answer categories. For these five variables, change scores (from  baseline to 

follow-up) were calculated and were analysed using nonparam etric M ann-W hitney U -tests. A ll 

analyses were perform ed according to the 'intention to treat' principle, i.e. group assignm ent 

at the start of the trial was kept fixed in the statistical procedure (A ltm an et al., 2001). 

Furtherm ore, additional ‘on treatm ent’ com parisons were perform ed using data from  

participants in the intervention group who reported im proved hearing functioning on the 

visual analogue scale of the AD PI at follow-up, com pared to baseline. These participants of the 

intervention group were com pared with the control group. A ll analyses were perform ed using 

the SPSS for M acintosh program  series, version 10 (SPSS Inc., Chicago), with p=0.05 as 

significance level. 
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Results 

 

Recruitm ent 

Two hundred and ten individuals were screened for this study (Figure 1 of Chapter 7). O f the 

124 adults who were to receive a hearing aid, 49 refused to participate in the study, and 4 

individuals did not m eet the inclusion criteria (M M SE<24). After inclusion, four individuals 

wanted to delay hearing aid use. According to A ltm an et al. (2001) 28, these participants were 

included in the intention to treat analyses, just like the four participants who discontinued the 

intervention. Fifteen individuals in the intervention group did not com plete all assessm ents in 

the study and were treated as dropouts. M ain reasons for dropping out were a lack of interest 

(n=8), illness (n=2) or other, unspecified reasons (n =5).  

The control group consisted of 86 individuals who did not choose to receive a 

hearing aid at study inclusion. O f those individuals, 27 refused to participate in the study and 8 

scored below the cut-off of the M M SE. Five persons did not com plete the study, due to a lack 

of interest (n =2), illness (n =1), or unspecified reasons (n =1), and one participant died. The 

num ber of dropouts was not significantly higher in the intervention group (Chi-sqaure=2.78; 

p=0.10). Finally, 102 participants com pleted all assessm ents (i.e. 56 intervention, 46 control). 

Post hoc power analysis on the available num ber of participants using a m edium  critical effect 

size of 0.15 and an alpha level of 0.05 resulted in a power of 0.97 for this study (Buchner, Faul, &  

Erdfelder, 1992). 

 

Baseline characteristics 

There were no significant differences between the intervention group and the control group 

with respect to age (t(1,101)=-1.40, p=0.17), sex (Chi-square(1,101)=0.02, p=0.90), educational 

level (t(1,101)=-.03, p=0.97), and hearing thresholds (t(1,101)=1.59, p=0.12) 

 

Table 1. M eans and standard deviations of dem ographic variables and hearing acuity in  

both study groups. 

 Intervention Control p-value 

N 56 46  

Age 72.5 (7.3) 74.5 (6.8) 0.17 

Education 3.2 (2.0) 3.2 (2.1) 0.97 

Sex (%  m en) 64%  63%  0.90 

Intelligence 117.7 (14.0) 114.5 (14.8) 0.28 

Hearing threshold 46.5 (7.3) 44.1 (7.7) 0.12 

Note: Student’s t-tests were used to test differences in age, education, intelligence, and hearing threshold. 

Sex differences were analysed using Chi-square test. 
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Effects of hearing aid use (according to ‘intention to treat’) 

 

Auditory thresholds 

O ne year after receiving the hearing aids, the aided intervention group had better auditory 

thresholds than the unaided control group (F(1,92)=12.16, p<0.01). 

 

 

Table 2. Adjusted m eans and standard error of the m ean (SEM ) of quality of life m easures and 
the depressive sym ptom atology scale. 

 6-m onth 
follow-up 

1-year  
follow-up 

M ain 
intervention 
effect 

Interaction 
effect 

 M ean (SEM ) M ean (SEM ) p-value p-value 

Q uality of life     

EuroQ ol 
 Intervention 
 Control 

 
73.52 (1.62) 
73.53 (1.78) 

 
74.18 (1.52) 
73.17 (1.66) 

0.80 0.68 

SF-36     

Physical functioning 
 Intervention 
 Control 

 
71.61(2.32) 
68.37 (2.57) 

 
73.05 (2.11) 
71.48 (2.34) 

0.41 0.59 

Social functioning 
 Intervention 
 Control 

 
82.05 (2.54) 
79.54 (2.84) 

 
81.32 (2.39) 
82.72 (2.68) 

0.38 0.86 

Physical problem s 
 Intervention 
 Control 

 
74.99 (4.44) 
72.04 (5.00) 

 
74.19 (4.95) 
62.93 (5.57) 

0.21 0.34 

Em otional problem s 
 Intervention 
 Control 

 
82.16 (4.38) 
80.49 (4.82) 

 
79.72 (4.76) 
74.14 (5.23) 

0.51 0.63 

M ental health 
 Intervention 
 Control 

 
76.32 (1.51) 
76.98 (1.68) 

 
77.31 (1.64) 
74.75 (1.82) 

0.63 0.22 

Vitality 
  Intervention 
 Control 

 
67.85 (1.93) 
66.62 (2.14) 

 
64.71 (1.94) 
65.93 (2.15) 

0.99 0.44 

Pain 
 Intervention 
 Control 

 
73.84 (2.65) 
75.60 (2.96) 

 
78.39 (2.79) 
74.97 (3.12) 

0.81 0.24 

G eneral health 
 Intervention 
 Control 

 
63.57 (1.70) 
63.04 (1.89) 

 
59.76 (1.84) 
63.32 (2.04) 

0.52 0.12 

SCL-depression 
 Intervention 
 Control 

 
22.62 (0.86) 
22.21 (0.94) 

 
24.32 (0.81) 
23.19 (0.89) 

0.48 0.55 

Note: G roup differences were analysed using general linear m odel with repeated m easure analysis, 

adjusted for baseline score. 
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O verall health-related quality of life 

After fitting hearing aids, the score on the EuroQ ol and the subscale scores of the SF-36 did not 

differ between the intervention group and the control group (see Table 2). The interaction 

effects were also not significant, indicating that findings were sim ilar for the m edium  and 

long-term  follow-up evaluations. 

 

D epressive sym ptom s 

Hearing aid use did not affect the score on the SCL-depression scale (F(1,94)=0.50; p=0.48; see 

Table 2). In addition, there was no interaction between group and tim e, indicating that the 

scores on the SCL-depression did not change after the first follow-up investigation (F(1,94)= 

0.36; p=0.55). 

 

 

Table 3. M ean and standard deviations of the Audiological D isabilities Preference Index 

 Baseline 6-m onths 

follow-up 

1-year 

follow-up 

Short term  

effect 

Long term  

effect 

 M ean 

(SD ) 

M ean 

(SD ) 

M ean 

(SD ) 

p-value p-value 

D etection of sounds 

 Intervention 

 Control 

 

2.27 (.65) 

2.44 (.62) 

 

2.60 (.56) 

2.47 (.63) 

 

2.70 (.50) 

2.48 (.66) 

0.02 <0.01 

Intelligibility in quiet 

 Intervention 

 Control 

 

2.27 (.65) 

2.42 (.58) 

 

2.49 (.63) 

2.36 (.57) 

 

2.66 (.48) 

2.48 (.55) 

<0.01 0.02 

Intelligibility in noise 

 Intervention 

 Control 

 

2.07 (.66) 

2.44 (.62) 

 

2.25 (.64) 

2.47 (.63) 

 

2.30 (.66) 

2.51 (.59) 

0.14 0.19 

Auditory localisation 

 Intervention 

 Control 

 

2.36 (.56) 

2.60 (.54) 

 

2.57 (.54) 

2.68 (.52) 

 

2.61 (.49) 

2.59 (.54) 

0.23 0.04 

D istinction of sounds 

 Intervention 

 Control 

 

2.60 (.56) 

2.73 (.58) 

 

2.73 (.49) 

2.80 (.46) 

 

2.77 (.43) 

2.72 (.50) 

0.34 0.08 

Note: G roup differences were analysed using M ann-W hitney U test. 

 

 

Hearingspecific quality of life  

M eans and standard deviations of hearing specific quality of life are presented in Table 3. A t 6 

m onths follow-up, the intervention group was better able to detect sounds (z=-2.29; p=0.02) 
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and to understand speech in a quiet environm ent (z=-2.80; p=0.01) than were control 

participants. This im provem ent was also present at 1 year follow-up (z=-3.30; p<0.01 and z=-

2.44; p=0.02, respectively). However, hearing aid use did not significantly im prove other 

aspects of hearing specific quality of life, i.e. intelligibility of speech in noisy surroundings, 

auditory localisation, and distinction of sound. In addition, hearing ability, as m easured with 

the visual analogue scale of the AD PI, was not significantly im proved in the intervention group 

com pared to the control group (m ain intervention effect: F(1,94)=1.77; p=0.19; interaction 

effect: F(1,94)=0.03; p=0.87, see Table 4), albeit the effects were in the expected direction, i.e. 

the m ean scores of the intervention group did im prove. 

 

Table 4. Adjusted m eans and standard error of the m ean (SEM ) of visual analogue scale of the 

Audiological D isabilities Preference Index 

 6-m onths 

follow-up 

 1-year 

follow-up 

M ain intervention 

effect 

Interaction 

effect 

 M ean (SEM )  M ean (SEM ) p-value p-value 

Intervention 

Control 

67.02 (2.27) 

63.42 (2.56) 

 68.10 (2.42) 

63.84 (2.73) 
0.19 0.87 

Note: G roup differences were analysed using G LM  with repeated m easure analysis, adjusted for baseline 

score. 

 

 

Effects of hearing aid use (‘on-treatm ent’ com parisons) 

In the on-treatm ent com parisons (not tabulated), those participants from  the intervention 

group who reported better hearing functioning on the visual analogue scale of the AD PI at 

follow-up, com pared to baseline (n=30), were com pared with participants from  the control 

group (n=46). These groups did not differ on baseline characteristics, i.e. age (t(1,75)=-1.13, 

p=0.26), education (t(1,75)=0.12, p=0.90), sex (X2(1,75)<0.01, p=0.98), and hearing threshold 

(t(1,75)=1.11, p=0.27). 

 

Q uality of life 

The m ain effect and the interaction effect on the EuroQ ol were not significant (F(1,71)=1.30, 

p=0.26 and F(1,71)=0.15, p=0.70, respectively), indicating that overall quality of life was not 

better in the participants who were positive about hearing ability after hearing aid use than in 

the control participants. However, the restricted intervention group im proved significantly 

com pared to the control group after use of hearing aids on physical functioning (F(1,70)=6.83, 

p=0.01), social functioning (F(1,71)=8.05, p<0.01), physical problem s (F(1,68)=6.40, p=0.01), 

m ental health (F(1,70)=6.54, p=0.01), and vitality (F(1,70)=9.77, p<0.01). The interaction effects 
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on these SF-36 scales were not significant, indicating that the difference in scores at 6 m onths 

follow-up and at 1-year follow-up did not change. Post hoc univariate ANO VA  using data for 

the 12 m onth assessm ent with adjustm ent for the baseline score also showed hearing aid use 

to have a significant beneficial effect on physical functioning (F(1,69)=6.82, p=0.01). 

 

D epressive sym ptom s 

The intervention did not influence the score of the SCL-depression since the m ain effect was 

not significant (F(1,71)=0.25, p=0.62). The interaction effect was not significant either 

(F(1,71)=1.05, p=0.31), indicating that the score of the two groups did not differ between the 

first and second follow-up m easurem ent. 

 

H earing specific quality of life 

After the restricted intervention group started using hearing aids, nearly all item s of the AD PI 

im proved com pared to the control group participants. They detected sounds significantly 

better at both the 6-m onth (z=-3.57, p<0.01) and the 12-m onth (z=-4.21, p<0.01) follow-up 

evaluations. Intelligibility of speech in quiet environm ents and distinction of sounds was also 

significantly im proved in the intervention group com pared to the control group, both on the 

6-m onth (z=-2.97, p<0.01 and z=-2.22, p=0.03) and the 12-m onth (z=-3.03, p<0.01 and z=-2.06, 

p=0.04) follow-up evaluations. Intelligibility of speech in noisy surroundings was better than 

that of controls at 6-m onth (z=-2.17, p=0.03) but this effect disappeared after 12 m onths (z=-

1.75, p=0.08). Auditory localisation was better at 12 m onths in the restricted intervention 

group (z=-2.05, p=0.04), but not at 6 m onths (z=-1.84, p=0.07). 

 

 

D iscussion 

 

The purpose of this study was to test whether hearing aid use had a positive effect solely on 

hearing-specific functioning or whether it had m ore general effects, such as on quality of life, 

physical and social functioning, and depressive sym ptom atology which have previously been 

reported to be affected by hearing im pairm ents (Bess, 2000; Cacciatore et al., 1999; Carabellese 

et al., 1993; M ulrow, Aguilar, Endicott, Velez et al., 1990; Naram ura et al., 1999; Pope & Sowers, 

2000; Reuben et al., 1999; Scherer & Frisina, 1998; Strawbridge et al., 2000; W allhagen et al., 

2001). In our study, we found that hearing aid use im proved aided hearing thresholds and had 

positive effects on hearing specific quality of life; at both 6 and 12 m onths after participants 

had started to use a hearing aid, their ability to hear sounds and to understand speech in a 
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quiet environm ent had im proved. However, their general functioning, in term s of quality of 

life, physical and social functioning, and depressive sym ptom s, was not better than that of the 

untreated control participants (with a com parable hearing im pairm ent) at 6 and 12 m onths. 

Thus, generic effects of hearing aid use were not found when persons were expected to be 

accustom ed to the use of their hearing aid (i.e. after 6 m onths), nor when they were thought to 

be accustom ed to it for a longer while (i.e. after 12 m onths). 

Since one third of older hearing aid users experience difficulties in situations where 

there are m ultiple signals or background noise (Schneider &  Pichora-Fuller, 2000), additional 

anaylses were perform ed, com paring people who felt their hearing to have been im proved by 

a hearing aid with participants from  the control group. Not only was detection of sounds, 

intelligibility of speech in a quiet environm ent, distinction of sounds, and auditory localisation 

im proved, but the hearing aid users also reported better physical and social functioning, fewer 

physical problem s, a better m ental health, and m ore vitality com pared to the control group. 

Again, overall quality of life, em otional problem s, pain, general health, and depressive 

sym ptom atology were not im proved after hearing aid use. It is possible that these perceived 

positive effects of hearing aid use in this subgroup of participants reflected a general positive 

answer tendency, in that persons in the intervention group who reported im proved auditory 

functioning with hearing aids m ay have answered all questionnaires in a positive m anner after 

hearing aid use. However, since effects of hearing aid use in these on-treatm ent analyses were 

not found on all aspects of functioning, it seem s less likely that a positive answer tendency 

alone could explain the beneficial effects of hearing aid use. Secondly, the people who 

experienced benefit from  hearing aid use m ay have had a m ore im paired hearing threshold, 

could have been older, experienced m ore depressive sym ptom atology, or were higher 

educated than the persons who did not experience an im provem ent in hearing ability. 

However, this was not the case. Lastly, we did not control for specific hearing aid 

characteristics, which could explain part of the positive effects on general m easures in a 

subgroup of the intervention group. For exam ple, the use of linear, com pression, and 

program m able hearing aids was found to im prove signal audibility, speech recognition scores, 

and perceived hearing handicap in an earlier study (Newm an &  Sandridge, 1998). 

Several m ethodological considerations should be m ade when interpreting these 

results. A s m entioned earlier, while a random ized-controlled trial would best overcom e any 

potential pre-existing between-group differences, it was considered unethical to stop or delay 

people from  using a hearing aid, when m edically indicated, and so we could not pursue this 

design. Therefore, the conclusions from  this study are drawn under the assum ption that the 

intervention group did not differ at baseline on variables that m ay affect the outcom e of the 

study. The participants of the intervention group had com plaints about auditory functioning, 
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whereas the participants in the control group, who also m ay have experienced difficulties in 

auditory functioning, did not consider hearing aids necessary. A lthough a difference in coping 

style could be an explanation for the group differences, this was considered less likely because 

the general tendency to com plain, m easured with the neuroticism  scale of the Eysenck 

personality scale (Eysenck, Eysenck, &  Barrett, 1985), was not m ore pronounced in the 

intervention group (F(1,95)=0.87; p=0.35).  

The im plication of this study is that hearing aid use im proves both objective and 

subjective hearing functioning. In people who experience a better auditory ability with 

hearing aids, the use of a hearing aid m ay also im prove physical and social functioning, m ental 

health, and vitality. It therefore seem s likely that successful adaptation to a hearing device m ay 

facilitate the autonom y and well-being of older individuals. 
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The first objective of this thesis was to investigate differences in cognitive perform ance 

between age groups and to explore som e determ inants of successful cognitive aging in a 

longitudinal follow-up study. The second objective was to exam ine the effects of specific 

interventions for older adults on cognitive functioning, well-being, and quality of life. There 

was special em phasis on executive functioning, and a large cross-sectional-longitudinal study 

of cognitive aging was used as the basis for the research described in earlier chapters. A  m ajor 

goal was, to obtain m ore inform ation about the concept of ‘Successful Cognitive Aging’. A  

large sam ple of older participants from  the M aastricht Aging Study was used to evaluate the 

following topics: the nature of cognitive differences between older age groups, the biological 

and psychosocial determ inants of age-related cognitive decline, the influence of a high level of 

functioning on cognition, and the relation between cognitive perform ance and functional 

status (Chapters 2, 3, 4, 5). Secondly, an intervention that focused on executive functioning in 

older adults was evaluated, using cognitive com plaints and cognitive functioning as 

dependent variables (Chapter 6). In addition, the effects of rehabilitation of hearing 

im pairm ent by the use of hearing aids were exam ined with respect to auditory functioning, 

cognitive perform ance, well-being, and quality of life (Chapters 7, 8). This last Chapter is 

devoted to a discussion of general issues, which em erged from  the em pirical findings. 

Theoretical and practical im plications are addressed and several m ethodological issues are 

discussed which are pertinent to cognitive aging research and to intervention studies in older 

adults.  

 

 

Successful cognitive aging: the role of executive functioning 

Adequate executive functioning is of m ajor im portance for successful cognitive aging. Indeed, 

in our study (Chapter 2) perform ance on a particular aspect of executive functioning showed 

m ore age-related differences than perform ance in other cognitive dom ains. A  second reason 

concerns the role of executive functioning with respect to daily life activities and a person’s 

actual functional status. Both aspects are discussed in detail below.  

First, although it is well established that m em ory and inform ation processing speed 

deteriorate in old age, the perform ance on tests that m easure the inhibition of irrelevant 

stim uli, m ay show a significantly larger difference between age groups (Chapter 2; (Persad, 

Abeles, Zacks, &  D enburg, 2002)). Inhibition is often considered an aspect of executive 

functioning (M iyake et al., 2000), and the dim inished ability to inhibit irrelevant responses can 

result in the intrusion of irrelevant inform ation in short-term  m em ory. This ham pers the 

efficient storage of inform ation into long-term  m em ory. As a consequence, perform ance on 

m em ory tests can be com prom ised (Zacks &  Hasher, 1997). O ther aspects of executive 
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functioning (e.g. set-shifting and strategy-driven search in sem antic m em ory) appeared to be 

less com prom ised than the other functions in healthy individuals aged 65 years and older 

(Chapter 2). These findings are in line with the notion that executive functioning should not be 

regarded as a unitary concept (Band, Ridderinkhof, &  Segalowitz, 2002; M iyake et al., 2000), 

which im plies that particular aspects of executive functioning deteriorate at an earlier age 

than others (Tisserand & Jolles, 2003).  

Second, executive functioning has been associated with activities of daily living and 

with functional status, in particular with regard to physical functioning ((Cahn-W einer, Boyle, &  

M alloy, 2002; Cahn-W einer, M alloy, Boyle, M arran, &  Salloway, 2000; G rigsby, Kaye, Baxter, 

Shetterly, &  Ham m an, 1998) Chapter 5). A lthough executive functioning was not a predictor of 

change in functional status, findings presented in Chapter 5 dem onstrated that it was possible 

to m ake inferences from  executive functioning to actual functional status. Executive functions 

are essential to plan activities, deal with novelty, solve problem s, adapt to unexpected 

circum stances, and perform  m ultiple tasks in the proper order and to m onitor the stage of 

execution of m ultiple tasks. If executive functioning is inadequate, difficulties m ay arise in 

perform ing m ultiple activities of daily living, such as m anaging a hom e and finances. Thus, 

executive dysfunctioning m ay have a negative im pact on the actual functional status of a 

person. 

In sum m ary, executive functioning appears to be crucial to successful cognitive 

aging, because certain executive functions show pronounced age-related differences and m ay 

have a m ajor role in everyday activities. Therefore, it is im portant to investigate this aspect of 

cognitive functioning in m ore detail. O ur findings m ay also have practical im plications. Both 

professionals in clinical practice and older people them selves should receive m ore inform ation 

about the pivotal role of this function in old age. It is therefore recom m ended to give m ore 

inform ation to older adults about this aspect of cognitive functioning in order to increase the 

insight in cognitive functions older people have and how these relate to their personal 

capacities. Psycho-education, such as that given in G oal M anagem ent Training, is an exam ple 

of an effective form  of inform ation transfer from  professionals to people with com plaints. 

Future research should investigate whether providing inform ation about this cognitive 

dom ain increases knowledge and indirectly influences well-being and quality of life. 

 

 

D eterm inants of successful cognitive aging 

A  m ain research question of this thesis concerned possible determ inants of successful 

cognitive aging. O verall, it is clear that age per se has a profound influence on the decline of 

cognitive functions in older people (Chapter 3, Anstey, Stankov, &  Lord, 1993). Nevertheless, 



Chapter 9 

 

132 

age-extrinsic factors m ay also explain a proportion of this deterioration in addition to the age-

related decline. Psychological factors, such as m ore depressive and anxiety sym ptom atology, 

hypertension, and low m em ory self-efficacy, have been found to be associated with 

dim inished executive functioning and m em ory functioning in older adults (Chapter 3 and 4; 

Valentijn et al., in press; D en Hartog, D erix., van Bem m el, Krem er, &  Jolles, 2003; Com ijs, Jonker, 

Beekm an, &  D eeg, 2001). Cross-sectional studies have shown that a high level of physical 

functioning and a high level of social functioning m ay also be regarded as determ inants of 

successful cognitive aging (Chapter 4). Com parison of the relative im portance of psychological 

and physical factors showed, that psychological factors related to m ood were m ore im portant 

than physical functioning for successful cognitive aging. A t a population level, we showed that 

psychological functioning, i.e. feelings of anxiety or depression, were better predictors of 

cognitive changes over tim e than were physical problem s (Chapter 4). O bviously, we only 

investigated a select set of factors and other relevant variables (e.g. of a neurobiological 

nature) m ay add further to age-related cognitive decline. 

In sum m ary, these findings suggest that age rem ains the best predictor of cognitive 

decline in older adults. Yet, the findings contain also a hopeful m essage, since several 

m odifiable factors are identified that m ay distinguish a successful cognitive aging group from  

a norm al cognitive aging group. Future research should evaluate these factors in m ore detail 

and provide clues as to the best way to use this inform ation in interventions directed at 

supporting successful cognitive aging. 

 

 

Interventions for older people 

 

Neuropsychological interventions 

Findings from  the present thesis show that certain neuropsychological interventions can have 

beneficial effects on cognitive com plaints and cognitive functions. As reported in Chapter 6, 

teaching people aged 55 years and older who experienced executive problem s a strategy to 

im prove planning activities in com bination with psycho-education about the role of cognitive 

functions in daily life appeared to have a positive effect on subjective cognitive functioning. 

D espite m odest effect sizes, this is an im portant finding, because this im provem ent m ay 

enable individuals to use better m anaging strategies and to cope with their cognitive 

problem s m ore efficiently (Chapter 6). Further studies are needed to evaluate these findings 

and to investigate whether they can be generalized to patient groups and/or to related 

cognitive functions. In addition, results from  the sam e research program m e showed that a 
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m em ory training program m e targeting m em ory self-efficacy and m em ory strategies resulted 

in greater stability in m em ory functioning and fewer feelings of anxiety and stress about 

m em ory functioning in individuals aged 55 years and older. M oreover, positive effects were 

found on objective m em ory functioning (Valentijn et al., in press). These interventions were 

designed as group intervention program m es, an approach which provides people with the 

opportunity to learn from  the problem s of other participants and to evaluate the best coping 

m echanism s. In other words, these interventions also address ‘attitudes’ that can be 

considered im portant because it is increasingly recognized that training per se is not enough 

to achieve a significant behavioural change (Ham brick, Salthouse, &  M einz, 1999; Lachm an, 

W eaver, Bandura, Elliott, &  Lewkowicz, 1992). Furtherm ore, an im portant elem ent of both 

interventions is psycho-education. The general objective of psycho-education is to increase a 

person’s insight into the cognitive strengths and weaknesses and to help him /her to m ake use 

of relevant coping m echanism s m ore efficiently (Com m issaris, Verhey, &  Jolles, 1996). 

Neuropsychological interventions that focus on other cognitive dom ains, including reasoning 

and speed of inform ation processing also have beneficial effects on cognitive functioning (Ball 

et al., 2002). Thus, several neuropsychological interventions are available that m ay have the 

potential to positively influence the targeted cognitive dom ain.  

For im plem entation purposes, it is im portant to know whether these interventions 

are cost effective and reduce m edical consum ption. Further research should therefore address 

the econom ic evaluation of these interventions. In addition, applied research is needed to 

investigate whether specific personal characteristics nfluence the success of a specific 

intervention. For exam ple, do individuals with a higher education benefit m ore from  a 

neuropsychological intervention because othey have a greater insight into their com plaints or 

problem s? O r do lower educated people show m ore positive effects of interventions, because 

they are not fam iliar with the neuropsychological strategies? In addition, the interventions 

m ay be effective in other groups with sim ilar problem s or com plaints. For exam ple, the 

intervention directed at executive functions m ay also be effective in young adults who have 

problem s with planning and organising activities in daily life. 

 

Sensory interventions 

Im provem ent or m aintenance of cognitive functions m ay be achieved by neuropsychological 

interventions, but it is also possible to target the rehabilitation process on particular 

determ inants of age-related cognitive decline and thereby indirectly prom ote successful 

cognitive aging. Cognitive aging research in the past decade has pointed to the role of sensory 

im pairm ent in this respect. It was dem onstrated in yet another study in this program m e that 

rehabilitation of visual im pairm ent by m eans of cataract surgery had a positive effect on 



Chapter 9 

 

134 

m em ory and the ability to inhibit a habitual response (thesis by Valentijn1). However, 

rehabilitation of hearing im pairm ent in older adults by m eans of hearing aid use did not have 

a positive effect on perform ance on cognitive tests with visual stim uli (Chapter 6). These 

inconsistent findings m ay be explained by the m ode of presentation of the cognitive tests. 

Because all tests in both studies were presented visually, it is possible that a decreased 

efficiency of perception of visual inform ation (Van Boxtel et al., 2000) or difficulty in paying 

attention to relevant stim uli (Baltes &  Lindenberger, 1997; Rabbitt, 1990) gives rise to inferior 

consolidation of new inform ation only in individuals with a visual im pairm ent. These 

explanations are also in line with a study that dem onstrated beneficial effects of hearing aid 

use on a cognitive test, which was presented auditorily (M ulrow et al., 1990). These 

explanations still m ay coexists with, or be com plem entary with the com m on cause hypothesis 

(Lindenberger &  Baltes, 1997), which states that both cognitive functioning and sensory 

function m ay decline as a result of a ‘com m on factor’. M ore specifically, this hypothesis 

predicts that im proving sensory functioning will only have beneficial effects on the targeted 

sensory system , but will not affect a third com m on factor and as a consequence will not 

produce positive effects on cognitive functioning. From  this perspective, the finding that 

hearing aid use did not im prove cognitive functioning is in line with this hypothesis- while the 

hearing threshold was im proved, cognitive perform ance did not. Thus, it seem s unlikely that 

this intervention has im plications for cognitive m echanism s in the central nervous system . 

O verall, hearing aid use is regarded as a successful intervention for im proving 

hearing threshold and reducing hearing handicap (Bess, 2000; M ulrow et al., 1990; Tesch-

Rom er, 1997) Chapter 7). M oreover, the findings of Chapter 7 indicated that this intervention 

positively influenced physical and social functioning, physical problem s, m ental health, and 

vitality in a subgroup of hearing aid users who experienced a subjective im provem ent of their 

hearing function. This finding m ay indicate that psychological factors related to using the 

equipm ent and the personal attitude about the use of a hearing aid m ay contribute m ore to 

the effect of the hearing aid than has hitherto been recognized. Thus, because hearing aid use 

m ay increase the quality of life, we recom m ended that older adults be screened for hearing 

im pairm ents and offered adequate treatm ent to those who are im paired. 

 

 

Successful Cognitive A ging: Q uo V adis? 

The concept of successful aging (Baltes &  Baltes, 1990; Rowe &  Kahn, 1987, 1997) has gained 

substantial attention from  m any researchers in recent years. It is im portant to acknowledge 

that the aging process does not always lead to profound deterioration, and that a substantial 

1 Valentijn, S. (2004) Succesful cognitive aging: m em ory, determ inants, and interventions. 

D octoral Thesis, M aastricht U niversity, M aastricht 
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proportion of the elderly population is able to reach advanced old age with a relatively good 

quality of life and relatively preserved functioning. This provides a refreshing and m ore 

positive alternative to the ‘classic’ perspective that focuses on the adverse consequences of 

aging. The role of cognitive functioning within the concept of successful aging has up till now 

not been quite clear. Researchers have used different definitions and operationalisations of 

successful aging (Berkm an et al., 1993; G uralnik &  Kaplan, 1989; Roos &  Havens, 1991; Rowe &  

Kahn, 1987, 1997; Strawbridge, Cohen, Shem a, &  Kaplan, 1996). Som e have included cognitive 

functioning in their definition and operationalisation (Berkm an et al., 1993; Rowe &  Kahn, 1987, 

1997), while others have not even m entioned cognitive functioning (G uralnik &  Kaplan, 1989; 

Roos &  Havens, 1991). These various definitions and operationalisations can result in different 

statem ents and suggestions about successful aging. Therefore, it is im portant in successful 

aging research to consider the definitions and operationalisations of successful aging. 

In this thesis, we focused on successful cognitive aging. The results showed that 

several factors explain why som e individuals perform  high on cognitive tests, particularly 

those probing the dom ain of executive functioning. The observation that specific 

interventions for older adults have the potential to change attitudes, reduce targeted 

cognitive com plaints, and positively affect the quality of life paves the way to further study of 

the m ost effective ways to help older people use their rem aining faculties as efficiently as 

possible and thereby prom ote quality of life. 
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The num ber of older people is increasing rapidly. It is well established that the objective 

perform ance on cognitive tests declines with aging and the subjective appraisal of cognitive 

functioning by older persons changes. Interestingly, som e older individuals show a decline in 

cognitive functioning, while others perform  as good as young adults. This last cognitive aging 

trajectory is regarded as successful cognitive aging. The central them e of this thesis is to 

explore the determ inants of successful cognitive aging and the effects of dedicated 

interventions for older people on aspects of cognitive function, quality of life, and general well 

being.  

 

The rationale, aim s, and research questions underlying the studies described in this thesis 

were presented in Chapter 1. Existing knowledge on successful cognitive aging was reviewed, 

with special em phasis on executive functioning. Em pirical evidence on factors that m ay 

determ ine successful cognitive aging was concisely discussed. Background inform ation was 

presented about the possibility to im prove or m aintain cognitive functioning, well-being, and 

quality of life in order to support successful aging. 

 

Part I 

The m ain objective of the studies described in part I was to investigate cognitive differences 

between age groups, the determ inants and consequences of cognitive decline. The studies 

presented in this part all used data derived from  the M aastricht Aging Study, a longitudinal 

study on determ inants of norm al cognitive aging. 

 

The aim  of the research presented in Chapter 2 was to determ ine a possible differential effect 

of age on learning, working m em ory, and cognitive speed in healthy older adults and to 

evaluate the influence of education and sex. A  group of 578 healthy participants aged 64 to 81 

years was evaluated. Analysis of variance showed that there was a clear decrease in 

perform ance in term s of m easures of learning, m em ory, and cognitive speed, with the m ost 

pronounced difference between the age groups being found for an executive functioning 

task. Education had a substantial effect on cognitive functioning: participants with a m iddle or 

high level of education perform ed better on cognitive tests than did participants with a low 

level of education. W ith respect to sex differences, wom en perform ed better than m en on 

m em ory tasks, whereas there was no difference in the perform ance of sim ple and com plex 

speed tasks. Since education and sex had a profound influence on particular cognitive 

functions in older people, these factors m ust be taken into account when exam ining an older 

individual’s cognitive perform ance. 
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Previous studies have identified a num ber of factors, such as high blood pressure, diabetes, 

and heavy alcohol consum ption, that are associated with executive functioning in old age. 

However, it is not clear whether these factors explain why older people have a worse 

perform ance than than younger individuals on tests of executive functioning. The study 

presented in the Chapter 3 was designed to identify biological and psychological factors that 

could m ediate the relationship between age and executive function. A  group of 838 healthy 

individuals aged between 49 and 82 years was investigated. M AAS data from  baseline and 3-

year follow-up were included in the analyses. Linear regression m odels were used to com pare 

the effect of age on the decline in perform ance on the Stroop Colour W ord Test between 

m odels with and without correction for twelve biological and nine psychosocial factors. O f the 

factors investigated, prevalent hypertension and a low level of m em ory self-efficacy 

contributed to a poorer executive perform ance in the older individuals. The other factors 

contributed only m arginally to the association between age and executive function. The 

findings of the present study suggests that age-extrinsic factors, such as those caused by 

illnesses or the environm ent, have only a m inor role in explaining why older individuals 

perform  worse than younger people on cognitive tests. However, the present findings 

underscore the notion that factors such as hypertension and m em ory self-efficacy should be 

evaluated further with regard to im paired cognitive functioning in older individuals. 

 

The aim  of the study described in Chapter 4 was to determ ine whether health status (i.e. 

physical, social, and psychological functioning) is related to cognitive functioning and 

cognitive change over a 6-year period in older adults and to explore the relative contribution 

of the com ponents of health status to long-term  changes in cognitive function. The cognitive 

perform ance of a group of 669 participants aged 60 to 81 was assessed. Results indicated that 

older individuals with a high level of physical, social, and psychological functioning perform ed 

better on cognitive tasks, including those related to m em ory, executive functions, and speed 

of inform ation processing. The m ost im portant com ponent of health status in term s of its 

association with cognition was psychological functioning. In conclusion, poor psychological 

functioning, rather than poor physical and poor social functioning as m easured by self-

assessm ent appears to have the greatest effect on long term  cognitive functioning in older 

people. 

 

To date, it rem ains unclear to what extent cognitive com petence is related to a change in 

general functional status in older adults. The study presented in Chapter 5 evaluated the 

relation between cognitive functioning and functional status. Sensorim otor speed, m em ory, 

and executive functioning were assessed in a sam ple from  the M AAS population, m ade up of 
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healthy adults aged 60 years and older (n=485). D ata from  the baseline (1993-1995), 3-year 

follow-up, and 6-year follow-up were used. Functional status was m easured using the 36-item  

Short-Form  Health Survey, the scores of which were coded into a physical and a m ental 

com ponent sum m ary score. After adjustm ent for age, sex, and educational level, a high level 

of cognitive functioning appeared to be associated with better functional status in the cross-

sectional analysis. Longitudinal analyses dem onstrated that cognitive functioning was not a 

predictor of functional status 3 or 6 years later. Thus while cognitive functioning is useful 

clinically for m aking judgem ents about the short-term  functional status of an older person, it is 

not useful for predicting changes in a person’s long-term  (>  3 years) functional status. 

 

Part II 

A s a consequence of the growing num ber of older people who wish to rem ain active m em ber 

of society and keep a good quality of life, there is a need to investigate possible interventions 

aim ed at im proving the functioning of older adults. A lthough a whole range of interventions 

to im prove cognitive functioning are nowadays available for older people, only a few have 

been em pirically evaluated. The m ain research question of the second part was to exam ine 

whether interventions for older adults im prove or m aintain cognitive perform ance and 

positively affect quality of life and thereby prom ote successful aging. 

 

A lthough executive functions are often com prom ised in older individuals, no study to date has 

evaluated neuropsychological interventions that focus on these cognitive functions in older 

adults. The aim  of the study presented in Chapter 6 was to exam ine the effect of a structured 

course on executive functioning in older adults. The course was based upon the principles of 

‘G oal M anagem ent Training’ and involved training in com bination with psycho-educational 

techniques. The aim  of this intervention was to teach individuals a strategy to im prove the 

efficacy and attitude towards planning activities and to structure intentions. The random ised 

controlled study involved 69 com m unity dwelling older individuals aged 55 years and older 

who were assigned to the treatm ent group or a waiting list control group. There was a positive 

effect of the intervention in that participants in the intervention group were significantly less 

annoyed by their cognitive failures and better able to m anage previously reported executive 

failures after the intervention than were controls. There were no effects on objective m easures 

of cognitive functioning. The findings of this study indicated that a com bination of psycho-

education and training has the potential to change the attitude of older people towards their 

functioning. 
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Research has indicated that sensory im pairm ents can interfere with quality of life and 

cognitive abilities. The effects of interventions to re-establish sensory functioning on quality of 

life and cognitive perform ance were exam ined in the studies described in Chapters 7 and 8. 

O ne study (Chapter 7) focused on the effects of hearing aid use on different aspects of 

cognitive function, such as m em ory, attention, executive functioning, and processing speed. 

The other study (Chapter 8) focused on the effects of hearing aid use on hearing-specific and 

general quality of life m easures that have been adversely associated with hearing im pairm ent. 

Participants who were fitted with hearing aids for the first tim e were com pared with control 

participants with an equivalent hearing im pairm ent, but who did not undergo the 

intervention. After a dual baseline m easurem ent and fitting of the hearing aids, all participants 

were assessed again with neurocognitive tests after 12 m onths. A t baseline and at follow-up 

assessm ents at 6 and 12 m onths, all participants filled in questionnaires on quality of life, 

depressive sym ptom atology, and subjective auditory ability. W hile the participants who were 

fitted with hearing aids had im proved hearing thresholds, they did not have an im proved 

perform ance on the cognitive tests. The analyses presented in Chapter 8 show that in the 

intention to treat analysis, hearing aid use did not have positive effects on general quality of 

life m easures. Still, a subgroup of hearing aid users who experienced im proved subjective 

auditory functioning reported better physical and social functioning, fewer physical problem s, 

a better m ental health, and m ore vitality after hearing aid use com pared with the control 

group. 

 

The practical and theoretical im plications, which em erge from  the em pirical findings were 

discussed in Chapter 9, as were topics of future research and som e general conclusions. O n 

the basis of the results presented in this thesis, it can be conlcuded that executive functioning 

can be regarded to be a crucial aspect for successful cognitive aging, because particular 

executive functions show m ore pronounced age-related differences and m ay have a m ajor 

role in everyday activities. M oreover, although age appears to be the best predictor of 

cognitive decline in older adults, age-extrinsic factors m ay also explain a proportion of the 

deterioration in addition to the age-related decline. Neuropsychological interventions for 

older adults appear to have the potential to positively influence (attitude towards) cognitive 

functioning. 
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Het aantal ouderen neem t snel toe. W anneer m ensen ouder worden, nem en de objectieve 

prestaties op cognitieve tests af en de subjectieve ervaring ten aanzien van het cognitief 

functioneren verandert. Echter, er blijkt een grote variatie te bestaan m et betrekking tot de 

cognitieve prestaties bij ouderen. Som m ige ouderen laten een sterke afnam e van het cognitief 

functioneren zien, terwijl anderen even goed als jongeren presteren. D it laatste traject wordt 

gezien als succesvol cognitieve veroudering. Het centrale them a van dit proefschrift is 

enerzijds het onderzoeken van de determ inanten van succesvolle cognitieve veroudering en 

anderzijds het nagaan van de effecten van interventies voor ouderen op gebieden als 

cognitief functioneren, kwaliteit van leven en algem een welbevinden. 

 

D e rationale, doelen en onderzoeksvragen die ten grondslag liggen aan de onderzoeken in dit 

proefschrift worden besproken in hoofdstuk 1. D e bestaande kennis over succesvolle 

cognitieve veroudering wordt sam engevat, waarbij de nadruk ligt op het executief 

functioneren. D aarnaast kom en in dit hoofdstuk factoren aan de orde die succesvolle 

cognitieve veroudering kunnen bepalen. Vervolgens wordt er ingegaan op de m ogelijkheid 

om  het cognitief functioneren, welbevinden en kwaliteit van leven te verbeteren of te 

handhaven en zodoende succesvolle veroudering te stim uleren. 

 

D eel I 

D e belangrijkste probleem stelling van de studies uit het eerste deel was het onderzoeken van 

cognitieve verschillen tussen leeftijdsgroepen en het bepalen van determ inanten en gevolgen 

van cognitieve achteruitgang. D eze studies baseerden zich op data verkregen uit de 

M aastricht Aging Study, een longitudinale studie die zich richt op de determ inanten van 

norm ale cognitieve veroudering. 

 

Het doel van het onderzoek dat in hoofdstuk 2 werd gepresenteerd, was het bepalen van 

m ogelijke differentiële effecten van leeftijd op leren, werkgeheugen en cognitieve snelheid bij 

gezonde ouderen. D aarnaast werd de invloed van opleiding en geslacht geëvalueerd. Voor dit 

onderzoek werd een groep getest van 578 gezonde deelnem ers tussen 64 en 81 jaar oud. 

Variantie analyses lieten een duidelijke afnam e zien wat betreft de cognitieve prestaties. D e 

grootste verschillen tussen de leeftijdsgroepen waren te zien bij een executieve functie test. 

O pleiding had een substantieel effect op het cognitief functioneren, waarbij deelnem ers m et 

een gem iddelde of hoge opleiding beter presteerden op cognitieve tests dan deelnem ers m et 

een laag opleidingsniveau. W at betreft geslachtsverschillen bleek dat vrouwen beter 

presteerden dan m annen op een geheugentaak, terwijl er geen verschillen waren in de 

prestatie op snelheidstaken. O m dat opleiding en geslacht een duidelijke invloed hebben op 
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bepaalde cognitieve functies bij ouderen, is het van belang om  m et deze factoren rekening te 

houden wanneer cognitieve prestaties van ouderen worden geëvalueerd. 

 

Eerdere studies hebben een aantal factoren geïdentificeerd die sam enhangen m et het 

executief functioneren bij ouderen. Voorbeelden van deze factoren zijn hoge bloeddruk, 

diabetes en het nuttigen van grote hoeveelheden alcohol. Het is echter niet duidelijk of deze 

factoren verklaren waarom  ouderen slechter presteren dan jongeren op executieve functie 

tests. D e studie die wordt beschreven in hoofdstuk 3 was opgezet om  biologische en 

psychosociale factoren te identificeren die de relatie tussen leeftijd en executief functioneren 

m ediëren. Er werden 838 ouderen onderzocht in de leeftijd van 49 tot 82 jaar. M AAS data van 

de beginm eting en de m eting na 3 jaar werden geïncludeerd in de analyses. Er werd gebruikt 

gem aakt van lineaire regressie m odellen om  de effecten van leeftijd op de afnam e in 

cognitieve prestatie te vergelijken m et m odellen m et en zonder correctie voor twaalf 

biologische en negen psychosociale factoren. Het bleek dat zowel hypertensie als weinig 

vertrouwen in het geheugen een bijdrage levert aan slechtere executieve prestaties bij 

ouderen. D e overige onderzochte factoren droegen slechts m arginaal bij aan de associatie 

tussen leeftijd en het executief functioneren. D e resultaten van deze studie suggereren dat 

leeftijd-extrinsieke factoren slechts een kleine rol spelen in het verklaren waarom  ouderen 

slechter presteren dan jongeren op cognitieve tests. M aar deze bevindingen benadrukken dat 

factoren zoals hypertensie en het vertrouwen in het geheugen verder onderzocht zouden 

m oeten worden in cognitief verouderingsonderzoek. 

 

Het doel van de studie die in hoofdstuk 4 wordt besproken, was het bepalen of de 

gezondheidsstatus (i.e. fysiek, sociaal en psychologisch functioneren) sam enhangt m et het 

cognitief functioneren en cognitieve verandering na 6 jaar. Verder werd onderzocht of de 

verschillende com ponenten van gezondheidsstatus evenveel sam enhangen m et cognitieve 

veranderingen. D e cognitieve prestaties van 669 deelnem ers tussen 60 en 81 jaar werden 

onderzocht. D e resultaten lieten zien dat ouderen die goed fysiek, sociaal en psychologisch 

functioneren, beter presteerden op cognitieve taken. D e belangrijkste com ponent van 

gezondheidsstatus in relatie tot cognitie was psychologisch functioneren. Vanuit deze 

gegevens kan worden geconcludeerd dat slecht psychologisch functioneren, en niet zozeer 

slecht fysiek en sociaal functioneren, het sterkste effect blijkt te hebben op het cognitief 

functioneren van ouderen. 

 

Tot nog toe blijft het onduidelijk in hoeverre cognitie gerelateerd is aan algem ene functionele 

status bij ouderen. In de studie uit hoofdstuk 5 werd de relatie onderzocht tussen cognitief 
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functioneren en functionele status. Sensim otorische snelheid, geheugen en executief 

functioneren werden gem eten in een groep gezonde ouderen van de M AAS populatie, die 60 

jaar en ouder waren (n=485). Er werd gebruik gem aakt van data van de beginm eting, de 

m eting na 3 jaar en de m eting na 6 jaar. Functionele status werd gem eten m et de SF-36, 

waarbij de scores werden gecodeerd in een fysieke en m entale com ponent. Nadat werd 

gecorrigeerd voor leeftijd, geslacht en opleidingsniveau bleek dat goede prestaties op 

cognitie functie tests sam enhangen m et een beter functionele status. Longitudinale analyses 

lieten zien dat het cognitief functioneren geen voorspeller was van functionele status 3 of 6 

jaar later. D us prestaties op cognitieve tests kunnen nuttig zijn om  een oordeel te geven over 

de functionele status op de korte term ijn, echter cognitieve prestaties blijken geen goede 

voorspeller te zijn voor lange term ijn veranderingen in de functionele status. 

 

D eel II 

A ls gevolg van het toenem end aantal ouderen dat actief wil blijven in de gem eenschap en een 

goede kwaliteit van leven wil behouden, is er behoefte aan het onderzoeken van interventies 

die zich richten op het verbeteren van het functioneren van ouderen. O ndanks dat er 

inm iddels al een hele reeks interventies beschikbaar is om  het cognitief functioneren van 

ouderen te verbeteren, zijn er slechts zeer weinig em pirisch geëvalueerd. D e belangrijkste 

onderzoeksvraag van dit tweede deel van het proefschrift was om  na te gaan of interventies 

voor ouderen het cognitief functioneren kunnen verbeteren of handhaven en de kwaliteit van 

leven positief beïnvloeden, waardoor succesvol ouder worden wordt gestim uleerd. 

 

O ndanks dat executieve functies vaak afnem en bij ouderen, heeft tot nu toe geen enkele 

studie een neuropsychologische interventie voor ouderen geëvalueerd die zich richt op deze 

cognitieve functies. Het doel van de studie uit hoofdstuk 6 was om  het effect te onderzoeken 

van een gestructureerde cursus voor ouderen gericht op het executief functioneren. D e cursus 

was gebaseerd op de principes van de G oal M anagem ent Training in com binatie m et psycho-

educatie technieken. Het doel van deze interventie was om  m ensen een strategie te leren om  

zodoende de efficiëntie en houding ten opzichte van planningsactiviteiten te verbeteren en 

om  intenties te structureren. D eze gerandom iseerde gecontroleerde studie bevatte 69 

deelnem ers die 55 jaar en ouder waren. D e deelnem ers werden toegewezen aan een 

interventiegroep of een wachtlijst controle groep. D e deelnem ers vanuit de interventiegroep 

waren na de cursus significant m inder geïrriteerd door hun cognitieve m issers en konden 

beter om gaan m et de eerder genoem de executieve vergissingen. Er was geen effect wat 

betreft de cognitieve testprestaties. D e bevindingen van deze studie laten zien dat een 
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com binatie van psycho-educatie en training de potentie heeft om  de attitude van ouderen ten 

opzichte van hun functioneren te veranderen. 

 

Eerder onderzoek heeft aangetoond dat sensorische problem en kunnen interfereren m et 

kwaliteit van leven en cognitieve verm ogens. D e effecten van interventies om  het sensorisch 

functioneren te verbeteren op kwaliteit van leven en cognitieve prestaties werden onderzocht 

in de studies die worden beschreven in hoofdstuk 7 en 8. D e eerste studie richtte zich op de 

effecten van het gebruik van een hoortoestel op verschillende aspecten van het cognitieve 

functioneren (hoofdstuk 7). D e andere studie richtte zich op de effecten van het gebruik van 

een hoortoestel op gehoorspecifieke en algem ene kwaliteit van leven variabelen die negatief 

sam enhangen m et hoorproblem en (hoofdstuk 8). D eelnem ers die voor de eerste keer 

hoortoestellen kregen aangem eten werden vergeleken m et controle deelnem ers m et een 

vergelijkbare gehoorsafnam e, m aar die geen interventie ondergingen. Na een dubbele 

beginm eting en aanpassingen van de hoortoestellen, werden alle deelnem ers wederom  

getest na 6 en 12 m aanden. A lle deelnem ers vulden ook vragenlijsten in over kwaliteit van 

leven, depressieve sym ptom en en subjectieve gehoorsfunctie. D eelnem ers vanuit de 

interventiegroep hadden betere hoordrem pels na het gebruik van het hoortoestel, m aar zij 

presteerden niet beter op cognitieve tests na het gebruik van het hoortoestel in vergelijking 

m et de controle groep. D e analyses vanuit hoofdstuk 8 tonen aan dat het gebruik van een 

hoortoestel geen positieve effecten had op algem ene kwaliteit van leven. Toch rapporteerde 

een subgroep van de hoortoestelgebruikers beter fysiek en sociaal functioneren, m inder 

fysieke problem en, een betere m entale gezondheid en m eer vitaliteit na het gebruik van een 

hoortoestel in vergelijking m et de controle groep. 

 

D e praktische en theoretische im plicaties die voortvloeien uit de em pirische bevindingen 

worden bediscussieerd in hoofdstuk 9. Tevens worden enkele algem ene conclusies en 

toekom stig onderzoek besproken. O p basis van de resultaten vanuit dit proefschrift kan 

worden geconcludeerd dat het executief functioneren kan worden gezien als een cruciaal 

aspect voor succesvol cognitief ouder worden, om dat bepaalde executieve functies 

duidelijkere verschillen tussen leeftijdgroepen laten zien en een belangrijke rol kunnen spelen 

in alledaagse activiteiten. Bovendien kan worden geconcludeerd dat leeftijdsextrinsieke 

factoren een deel van de proportie van cognitieve achteruitgang verklaren, ondanks dat 

leeftijd de beste voorspeller lijkt te zijn van cognitieve achteruitgang. Neuropsychologische 

interventies voor ouderen lijken de potentie te hebben om  een positieve invloed uit te 

oefenen op de attitude ten opzichte van het cognitief functioneren. 
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Er zijn heel veel m ensen betrokken geweest bij de tot stand kom ing van het werk dat voor u 

ligt. Ik ben ze allem aal zeer erkentelijk voor de bijdrage die ze direct, dan wel indirect hebben 

geleverd. Enkele personen wil ik in het volgende gedeelte in het bijzonder noem en. 

 

Ik ben tot de conclusie gekom en dat het prom otietraject overeenkom sten vertoont m et de 

bouw van een huis, waar ik de afgelopen periode ook m ee bezig ben geweest. D eze m etafoor 

is niet alleen van toepassing op de fases van beide projecten, m aar ook in veel gevallen op de 

personen die hebben m eegewerkt aan de realisatie van dit proefschrift. 

 

A llereerst wil ik het architectenteam  bedanken. Jullie stonden aan de basis van het SO W -

program m a en hebben m e begeleid tijdens de hele periode. Jelle, je positivism e en 

enthousiasm e werkten inspirerend tijdens het uitvoeren en rapporteren van het onderzoek. Je 

zorgde ervoor dat ik de grote lijnen goed voor ogen hield en bij onduidelijkheden verhelderde 

je de zaak. M artin, het was zeer prettig dat jouw deur altijd open stond om  punten te 

bespreken. D it heeft ertoe geleid dat het onderzoek volgens de juiste m ethodologie is 

uitgevoerd en prim a is verlopen. Hans, jouw wijze van begeleiding was altijd zeer m otiverend; 

na jouw feedback had ik altijd veel zin om  weer verder te werken. Ik bewonder de vriendelijke 

en rustige wijze van het geven van zinnige en bruikbare feedback, waarbij oplossingen voor 

problem en nim m er ontbraken. Rudolf, jij zorgde er voor dat de nieuwwaarde en de praktische 

relevantie van het onderzoek nooit uit het oog werd verloren. Kortom , het staat als een huis 

dat dit een uiterst deskundig team  is, dat ertoe heeft geleid dat dit eindproduct in deze vorm  

heeft kunnen ontstaan. 

 

Susanne, als m ede-aannem er, hebben we de afgelopen jaren heel intensief sam engewerkt, 

alsof we sam en hebben gebouwd aan een soort van twin-woning. Ik ben heel blij dat ik kan 

terugkijken op een prettige sam enwerkingsperiode, waarin we bijna onafscheidelijk door de 

aio-periode wandelden. Tja, what’s in the nam e? Bedankt voor alle gezelligheid en steun! 

 

D e co-auteurs, waaronder Ian Robertson, Brian Levine en Lucien Anteunis ben ik erkentelijk 

voor hun bijdrage aan de verschillende papers. Lucien, jouw goed gefundeerde feedback 

zorgde er som s voor dat een paper een iets andere wending kreeg en sterker werd. O nze 

prettige sam enwerking heb ik zeer gewaardeerd. Ian, m any thanks for your contribution, nice 

collaboration, and hospitality in D ublin. I really have appreciated the cooperation regarding 

neuropsychological rehabilitation. I hope to see you soon! Brian, I would like to thank you for 

your contribution to the G oal M anagem ent paper. 
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Bij de uitvoering van het onderzoek hebben ook heel veel m ensen hun steentje bijgedragen. 

O p de eerste plaats wil ik alle stagiaires en onderzoeksassistenten bedanken voor de grote 

inzet bij het verzam elen van de vele onderzoeksdata. Janneke, Jaim ie, Joyce, Vivian, Viviane �, 

Lia, Rubia, D ory, Astrid en Suzanne, het was niet alleen vaak een hele hectische, m aar zeker ook 

een hele gezellige tijd! 

Naar aanleiding van het G M T-project, ben ik enkele klinisch neuropsychologen een woord van 

dank verschuldigd. D ym phie, betrokkene van het eerste uur, door sam en de handleiding te 

vertalen. Ik ben erg benieuwd naar de resultaten van jouw onderzoek op dit gebied! Veel 

succes! Floor, Sven, D ym phie, M argot bedankt voor al de trainingen die jullie in het kader van 

dit project hebben gegeven! 

D e audiologieassistenten, waaronder Yvonne, Els en D anielle hebben m e de kneepjes of 

eigenlijk toontjes van hun vak geleerd en m eerdere m alen geholpen bij het afnem en van een 

audiogram . Bij de m ensen van de poli KNO  ben ik vaak over de vloer geweest om  

proefpersonen te rekruteren. Toen de werving van de proefpersonen niet zo vlotte, heeft 

Yvonne van Leeuwen, huisarts bij G ezondheidscentrum  Neerbeek, ervoor gezorgd dat ik het 

noodzakelijke patiëntenaantal kon rekruteren.  

Tot slot wil ik nog een aantal m ensen bedanken die allem aal een speciale rol hebben 

gespeeld. U iteraard, Elsa, jij bent altijd bereid geweest om  te helpen m et allerhande zaken. 

Jane Sykes, zonder jou zouden m ijn papers niet zo’n goed leesbaar Engels bevatten. Richel, de 

bereidheid om  altijd te helpen m et statistische problem en en belangstelling voor m ijn 

onderzoek heb ik altijd zeer op prijs gesteld. Het com puterteam , waaronder Nico, heeft ervoor 

gezorgd dat elk com puter akkefietje zo werd opgelost en de invoer van alle data 

probleem loos kon verlopen. A llem aal heel hartelijk bedankt! 

 

M ijn paranim fen, tijdens de prom otie zijn jullie voor even het fundam ent waar ik op kan 

steunen. Sascha, na sam en de studie Psychologie te hebben doorlopen, zijn we ook sam en 

begonnen aan de volgende stap: het prom otie-traject. Je uitzonderlijke enthousiasm e en 

energie hadden altijd een positieve invloed op de sfeer. Ik heb de gezellige m om enten op het 

werk, m aar ook erna, altijd zeer weten te waarderen. Vivian, we hebben een band zoals alleen 

zussen kunnen hebben en daar hoort natuurlijk die bijna constante telefoonverbinding 

vanzelfsprekend bij ;-). U iteraard wil ik je bedanken voor je onvoorwaardelijke steun en de 

goede vriendschap. Ik vind het heel fijn dat jullie beiden als paranim fen deze dag m et m e 

m eelopen en naast m e staan! 

 

G edurende de afgelopen periode heb ik zeer prettig sam engewerkt m et veel collega’s. 

U iteraard zorgden zij tevens voor vele gezellige m om enten. A llereerst wil ik de collega’s van 
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de U niversiteit M aastricht in het zonnetje zetten. M arjolein, Petra, Jeroen en Pauline, jullie 

hebben ervoor gezorgd dat het werk werd afgewisseld m et gezelligheid en lol, zoals bij de 

vele lunches, congressen of zom aar door bij elkaar binnen te stappen. D ank voor die leuke 

herinneringen en jullie steun. Annique en M iriam , kam ergenootjes gedurende de laatste 

loodjes van m ijn aio-periode. O nze gesprekken, etentjes, m aar ook de snoeppot zorgden voor 

de juiste afleiding. Ivo, dat etentje m oeten we m aar snel inplannen zodat we weer verder 

kunnen discussiëren over wetenschap en het leven. Natuurlijk wil ik ook de collega’s van de 

O pen U niversiteit bedanken voor jullie gezelligheid en belangstelling in de afronding van het 

proefschrift. 

 

Proefpersonen: bedankt dat jullie twee, drie en som s wel vier keer bereid waren om  langs te 

kom en voor het (neuropsychologisch) onderzoek. Net als de stenen van een huis, was het 

zonder jullie onm ogelijk om  tot dit resultaat te kom en! 

 

Natuurlijk een speciaal plaatsje voor m ijn fam ilie en vrienden, die m e gevolgd hebben tijdens 

dit traject. Helaas kan ik jullie niet allem aal bij naam  noem en, m aar ik ben ervan overtuigd dat 

diegenen weten wie ik bedoel. Ik stel jullie vriendschap, betrokkenheid en interesse in m ijn 

prom otietraject zeer op prijs! Pap en M am , de leefde, gooi zurg en de vanzelfsprekenheid 

heivaan zien es un werm  deke in un winterse nach. Brian, bedankt dat je altijd naast m e staat; 

jij bent iem and waar ik op kan bouwen! 
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Susan van Hooren werd geboren op 9 novem ber 1976 te Heerlen. Na het behalen van het 

G ym nasium  diplom a in 1995 aan het Sinterm eertencollege te Heerlen, ging ze Psychologie 

studeren aan de U niversiteit M aastricht. G efassineerd door de relatie tussen het gedrag en het 

brein, koos ze de afstudeervariant biologische psychologie m et als afstudeerrichting 

Neuropsychologie. G edurende haar studie heeft ze m eerdere m alen als tutor opgetreden bij 

de Faculteit Psychologie van de U niversiteit M aastricht. D e stageperiode voltooide ze bij de 

Korsakov Kliniek van het Vincent van G ogh instituut te Venray, alwaar zowel onderzoek als 

klinische diagnostiek tot haar takenpakket behoorde. In 1999 behaalde ze het doctoraal 

diplom a en aansluitend werd ze aangesteld als klinische neuropsycholoog bij de 

geheugenpolikliniek van het academ isch ziekenhuis M aastricht. In 2000 startte ze als assistent 

in opleiding bij de vakgroep Psychiatrie en Neuropsychologie van de U niversiteit M aastricht, 

waar zij tot 2004 werkte aan dit proefschrift. Na deze periode werd ze aangesteld bij de 

academ ische afdeling Neuropsychologie van het Psychom edisch Streekcentrum  Vijverdal te 

M aastricht, alwaar haar taken bestonden uit het rapporteren van onderzoeksresultaten en het 

verrichten van klinische diagnostiek. M om enteel is ze werkzaam  als U niversitair D ocent 

Neuropsychologie bij de O pen U niversiteit Nederland. 
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