
 
 
 
 
 
 
 
 
 
 

The effects of physical activity on the association between 
self-reported stress and episodic memory performance 

 
 
 
              
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
 
                                                             Suvi Rajamäki 
 
      
Supervisor: Margareta Hedner 
PSYCHOLOGY III, Scientific Research, 15 cr, Spring 2010 

STOCKHOLM UNIVERSITY 
THE DEPARTMENT OF PSYCHOLOGY 
 



 
 

1
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Recurrent stress has been found to impair brain structures essential to 
memory. The cognitive reserve model suggests that physical activity 
supplies protection against memory decline in neuropathologies. The 
purpose of the present study was to explore whether leisure physical 
activity modifies the predicted negative effect stress has on memory. 
A sub-sample derived from the Betula Study comprised 267 
participants between 50 and 65 years. Memory was assessed by a SPT 
free recall and stress by a self-report. Low and High frequency 
exercisers were analyzed separately. After age, sex and education 
were controlled for in hierarchical regression, results showed that 
stress significantly improved memory performance in Low exercisers 
but no significant effect in High exercisers. Thus, frequency of 
physical activity did not explain variation in memory performance. 
However, higher age did not have a negative influence on memory 
performance for the High exercisers. 
  
Keywords: cognitive reserve, episodic memory, physical activity, SPT 
free recall, stress 

 
 
Episodic memory is a crucial cognitive ability for day-to-day cognitive functioning 
(Tulving, 2002). It enables to consciously remember personally experienced events and 
re-experience something that happened at another time and in another place. 
Impairment may cause problems such as forgetting appointments, losing things or 
difficulties with recalling what one did yesterday. Cognitive abilities decline generally 
in aging, and episodic memory is particularly sensitive to neuronal dysfunction.  
 
Today, stress-related sickness is a growing health problem in Sweden (AFA, 2009). A 
considerable amount of research suggests that stress negatively affects neurological 
structures involved in cognitive function, such as memory and learning (McEwen, 
2000a; McEwen, 2000b; Lupien & Lepage, 2001). For instance, memory deficits are 
common symptoms in chronic burnout that is a syndrome caused by prolonged 
psychosocial stress (Sandström, Rhodin, Lundberg, Olsson & Nyberg, 2005).  
 
Despite the evidence of the negative correlation between stress and memory, not all 
individuals seem to express decline in performance after exposure to a high levels of 
stress for a longer time. For example, social support and locus of control have been 
found to moderate the sensitivity to negative stress response followed by a recurrent job 
strain (Cummins, 1988). Accumulating evidence suggests that moderate physical 
exercise is associated with an improved cognitive function and less cognitive decline 
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during aging (Colcombe & Kramer, 2003; Hillman, Erickson & Kramer, 2008; 
Ruscheweyh et al., 2009). Considering the various physiological and psychological 
positive effects of exercise on health, only 40 per cent of Swedish adults (16-84 years) 
are physically active according to the Nordic health recommendations for at least 30 
minutes daily exercise on moderate intensity (Nordiska Rådet, 2004; SCB, 2009). Better 
understanding of relationship between lifestyle factors and cognition may help to 
develop public health interventions to prevent cognitive problems. Consequently, the 
present study aims to answer to the question whether individuals can proactively 
through leisure physical activity prevent memory deficits that may occur as a result of 
unavoidable stressful life situations. Moreover, the focus is on the segment of people 
that is still not retired, because intact memory is important to be able to meet with the 
increasing demands of modern working life. The concept of cognitive reserve is used as 
a theoretical framework explaining how behavioural factors might contribute to build a 
reserve protecting against the effects of neuropathology in the face of negative stress. 
 
Memory systems 
Memory is often referred to as a single cognitive ability in the day-to-day conversations. 
In neuroscience, memory is commonly divided into three separate and cooperating 
memory systems: a sensory memory, a long-term memory and a short-term memory, 
which is commonly called a working memory (Kolb & Whishaw, 2003). Head injuries 
cause typically impairments only in specific memory systems, while leaving the others 
intact. This finding supports the existence of the current memory system model 
(Tulving, 2002). Long-term memory is divided into two separate main systems (Kolb & 
Whishaw, 2003). Procedural memory stores unconscious memories, physical and motor 
skills. For example a person can know the rules of chess without remembering when 
and where one learned them. The other long-term memory system is declarative 
memory and it includes conscious memories that are possible to recall intentionally. 
Declarative memory is further divided into semantic and episodic memory. Semantic 
memory includes memories of all the learned facts and events, including meanings of 
words. Episodic memory stores self-experienced memories and time-points when 
experiences occurred (Tulving, 2002). In addition, episodic memory enables to imagine 
and plan the future in a light of previous experiences. Individuals are shaped by the 
events they participate in, and loss of episodic memories can cause people to experience 
distress, as they lack a context for their identities. Episodic memory seems to decline 
earliest in aging (e.g. Rönnlund, Nyberg, Bäckman & Nilsson, 2005). Moreover, it is 
especially vulnerable to neuronal dysfunctions (Tulving, 2002).  
 
Baddeley (1995) defines three stages in forming a memory. The first stage is called 
encoding where perceived information is stored intentionally into mental 
representations. For example, after hearing a list of words one would be likely to 
remember more words if one were to think of a definition for each word than if one 
were to simply repeat the list a couple of times. The second stage is consolidation when 
information is associated with other representations and stored in a long-term memory. 
The third stage, when the information is accessed and brought back into consciousness 
is called retrieval.  
 
Memory system is complex and involves different brain structures, such as amygdala, 
prefrontal cortex and hippocampus (Kolb & Whishaw, 2003), so it is not possible to 



 
 

3

predict how stress affects memory in general. The hippocampus is said to be a “gateway 
to memory” meaning that information passes through hippocampus before it is 
memorized (Lupien & Lepage, 2001). In addition, hippocampus plays an essential role 
in information processing and long-term memory consolidation of episodic information 
(Tulving & Markowitsch, 1998). Hippocampus is vulnerable to dysfunction, and 
impaired for example in Alzheimer's disease, depression and even in physical problems 
like pain. A chronic exposure to stress and high levels of stress hormones are known to 
impair hippocampus (Mendl, 1999). Consequently, hippocampus is looked at closer in 
this study. Also, according to Tulving (2002) memory systems function simultaneously. 
Therefore, damage in episodic memory most of times affects also other memory 
systems. Episodic memories have a central role in individuals’ everyday life. Therefore, 
episodic memory is of particular interest in this study, and the other memory systems 
are excluded from the study. 
 
Stress  
The use of the term stress is often imprecise in everyday language. Stress can mean 
either the physical or psychological event or the stress response in the body (McEwen, 
2000a). According to Lazarus and Folkman (1984) the subjective cognitive appraisal is 
essential in interpreting if an event is perceived as stressful. Stressful situations usually 
involve appraisals of novelty, unpredictability and low perceived control. 
 
Subjectively experienced threat activates the hypothalamus-pituitary-adrenal (HPA) 
axis in the brain, which is a physiological stress response, and mobilizes stored energy 
in the body, thus increasing the individual's chance for surviving (McEwen, 2000b). 
HPA axis regulates the cortisol hormone proportion in blood, which prepares a body to 
a fight or flight condition. If the adaptation is dysfunctional and the feeling of being 
stressed out continues, HPA-axis does not deactivate, the cortisol proportion in blood 
increases. In today's society, stress is more likely to be of psychological origin and has 
no clear beginning or end, which may lead into chronic stress. Prolonged high levels of 
cortisol may result in neuropathological effects, such as cell death in the hippocampus. 
The current study applied the Lazarus and Folkman’s (1984) cognitive stress model 
where stress is a highly individual experience and therefore, stress is defined as an 
individuals' subjective perception of stress, and stress level was measured with the help 
of a self-report questionnaire. 
 
Stress and memory 
It is generally accepted that short-term and moderate level of stress has adaptive effects 
and improve cognitive performance, whereas high-level stress during a pro-longed 
period of time seems to lead into dysfunctional functioning and various physical and 
psychological diseases, such as diabetes and depression (McEwen, 2000a). This chronic 
state of wear and tear on the body is called allostatic load when body has not had time 
to recover from stress-induced imbalance. Yerkes and Dodson (1908) have 
demonstrated the optimal relationship of task performance and level of stress with an 
inverted U-shaped curve. They mean that when the levels of arousal or stress become 
too high or too low performance decreases, which indicates the cognitive performance 
to be best as an individual is in optimal stress state. 
 
Klein and Boal (2001) have found that the participants who reported more life event 



 
 

4

stress performed more poorly on a word span working memory task.  Psychosocial 
stress has showed to impair immediate free recall that requires episodic memory 
retrieval. In addition, recalling of emotionally arousing words were more affected than 
neutral words (Kuhlmann, Piel & Wolf, 2005). In another study, stress seemed to have a 
negative impact on complex episodic memory tasks, because they require executive 
control and higher order processing, which are often impaired under stress  (Vondras, 
Powless, Olson, Wheeler & Snudden, 2005). As mentioned earlier, stress may also have 
benefits for cognitive functioning. Acute short-term stress increased episodic memory in 
the experiment of immediate recall for emotional faces but impaired recall of neutral 
faces in young women (Putman, van Honk, Kessels, Mulder & Koppeschaar, 2004). 
Evidence for the harmful consequences of prolonged stress on cognition is derived from 
the Whitehall II study that investigated the relationships between work, stress, and 
health among 10,308 female and male British civil servants, and results indicated that 
long working hours had a negative effect on reasoning and vocabulary in middle age 
(35-55 years) (Virtanen et. al, 2009). In sum, previous studies indicate that stress 
influences on memory depending on the type, intensity and duration of stress exposure. 
Moreover, memory is a complex concept and it is not possible to predict how stress 
affects memory in general. 
 
Physical activity and stress 
Recently, it has been well accepted that exercise provides a wide range of benefits for 
overall health. A meta-analysis of workplace physical activity interventions showed 
significant reduction in job stress and less risk in diabetes (Conn, Hafdahl, Cooper, 
Brown & Lusk, 2009). Studies suggest that voluntary physical exercise can prevent and 
treat anxiety and depression (e.g. Peluso & Andrade, 2005). Among unfit women aging 
was associated with greater HPA axis reactivity to psychosocial stress, and higher 
aerobic fitness prevented age-related changes in sensitivity to stress (Traustadóttir, 
Bosch & Matt, 2004). These results suggested aerobic physical activity as a way of 
modifying stress hormone changes related to aging. McEwen (2000a) suggests that 
individual differences in physiological stress reactivity reflect the impact of lifestyle 
habits such as diet and exercise. Thus, to reduce allostatic load in the body and the 
incidence of various stress-related diseases, people need to include a lifestyle change.  
 
Physical activity and memory 
The association between physical fitness and cognitive health is as intuitive as the Latin 
quotation “mens sana in corpore sano” that means that only a healthy body can produce 
a healthy mind. A review of intervention studies where exercise varied in duration, 
intensity and type of exercise, overall physical activity throughout life seemed to 
improve overall cognitive functioning at the molecular, cellular, behavioural and 
systems levels (Hillman et al., 2008). A meta-analysis of eighteen intervention studies 
found that most significant improvement occurred in executive functioning (planning, 
inhibition, multitasking, working memory) and visuospatial processing (Colcombe & 
Kramer, 2003). Fitness showed to improve cognitive functions particularly in elderly 
people with or without cognitive impairment. Moreover, women showed to benefit 
more from exercise than men. In another study, physical activity showed positive 
effects on episodic memory in older adults. The regularity of exercise was more 
important than the intensity of exercise (Ruscheweyh et al., 2009). Researchers 
identified only a decade ago that that brain has a lifelong ability to create new neurons 
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in hippocampus through neurogenesis (Eriksson et al., 1998). Recently, animal studies 
have revealed interesting results related to neurogenesis. In tested mice learning in the 
Morris water maze test was improved only after one  month's volunteer wheel running. 
Furthermore, decline in the formation of new nerve cells in brain of aged mice was 
reversed to 50% by running (van Praag, Shubert, Zhao & Gage, 2005). However, it is 
not yet known what is the functional mechanism of new neurons on learning and 
memory (Eriksson et al., 1998). The different results of intervention studies above can 
depend on the variance in exercise regimes, the methods to measure fitness and also 
different measures to assess memory. In the current study the frequency of exercise is a 
measure of physical activity, and  previous studies support the benefits of regularity 
instead of intensity (Ruscheweyh et al., 2009). 
 
Cognitive Reserve Theory  
Today, the concept of cognitive reserve is perhaps the most suitable theory to explain 
individual differences in cognitive abilities due to lifestyle factors, including physical 
activity (Scarmeas & Stern, 2003). According to the reserve theory any environmental 
enrichment (e.g. education, social interaction, volunteer exercise) can build up the 
reserve against cognitive decline in challenging life situations.  
 
The concept of a reserve was initially used to explain the repeated observation that the 
individuals whose brain showed severe damage by Alzheimer´s disease (AD) in post 
mortem examination, did not express the clinical cognitive symptoms of AD and could 
continue normal lives until they died (Stern, 2002). The individuals without cognitive 
impairment were found to have larger brain size and more synapses compared to the 
individuals with cognitive decline but same pathology in the brain. This passive brain 
reserve model was offered a complementary explanation by active models such as 
introduced by Yakoov Stern (2002). Higher levels of education and IQ seemed to 
provide a buffer or  cognitive reserve against possible cognitive decline. According to 
Stern (2002), individuals with higher cognitive reserve may experience less cognitive 
impairment over time because they use alternative strategies for performing tasks, as the 
previous methods are no longer available.  Passive models consider the reserve as 
“hardware” and how much brain damage is possible to withstand before cognitive 
decline, whereas active models define the reserve as "software", in other words, 
individual task processing differences.  
 
Whereas the passive cognitive reserve model uses the size of brain as a measure of 
reserve, the active model suggests that the reserve is mediated by behavioural factors 
such as years of education and occupation. It has been found that formal education is a 
positive predictor of age-associated cognitive decline and educated individuals become 
demented later than less educated counterparts (Katzman, 1993). In recent years, leisure 
activities have been proposed as a measure of cognitive reserve, including social 
engagement and physical activity (Scarmeas & Stern, 2003). It seems that a larger brain 
volume, higher education, and other aspects of life experience decrease incidence of the 
neurodegenerative diseases, such as AD, and protect against cognitive impairment in 
aging. To date, there is no evidence on what is the best measure of cognitive reserve 
(Scarmeas & Stern, 2004).   
 
Yaakov Stern (2002) suggests that the concept of a reserve should be applied in any 
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situation where the brain sustains injury. Stern thinks it is possible to explain the 
differences between healthy individuals’ performances with the help of cognitive 
reserve, particularly when maximum performance is required. Those under higher 
everyday psychosocial stress may be more likely to compensate performance with 
alternative strategies due to perceived memory impairment, compared to those with 
lower stress (Neupert, Almeida, Mrocczek & Spiro, 2006). For example in an 
intervention study, Chinese elderly who participated in intellectual activities (e.g. 
reading newspapers, playing a musical instrument) performed better than a control 
group, whereas, there were no significant positive correlations with physical (e.g. 
hiking, yoga), social (e.g. participating in volunteer work, going to museums) or 
recreational (e.g. fishing, watching television) activities with cognition (Leung et al., 
2010). These results suggest that even in healthy individuals reserves might be used to 
cope with a cognitive challenge. However, the effect of cognitive reserve against 
cognitive impairment under highly stressful situation has been studied surprisingly 
little. In a recent animal study, the stressed rats that were exposed to enriched 
environment (access to toys, tunnels and social interaction) improved learning and 
memory compared to the stressed rats in non-enriched environment. (Veena, Srikumar, 
Mahati, Bhagya, Raju & Shankaranarayana Rao, 2009). The results suggest that 
engagement in intellectual, social and physical activities may result in structural and 
functional changes in the brain. The cognitive reserve model provides with the 
theoretical background in the present study. 
 
The purpose of the study 
The buffering effect of volunteer exercise on the negative consequences of stress on 
cognition has been investigated in animal studies (van Praag et al., 2005; Veena et al., 
2009). In the current study, it is of interest to investigate a group of healthy middle aged 
because this group has received less attention than elderly in the previous cognitive 
reserve research. Moreover, intact episodic memory is of great importance for those 
who are still active in the working life to be able to cope with various cognitive 
challenges. 
 
The purpose of the present study is to explore the relationship between individuals’ self-
reported perceived stress and episodic memory performance. The preliminary aim is to 
investigate whether the regularity of self-reported leisure physical activity has an effect 
on stress and memory performance in healthy middle-aged (50-65 years).  
 
Women tend to outperform men in episodic memory tests (Hyde & Linn, 1988), aging 
decreases cognitive functioning, such as episodic memory (Rönnlund et al., 2005), and 
years of formal education are associated with better memory performances (Katzman, 
1993). Thus, the purpose is to investigate the effects of sex, age and education on 
memory performance. Moreover, this study will control for the influences of age, sex 
and years of formal education on the results. 
 
The findings of this study are aimed to be interpreted with the cognitive reserve theory, 
where physical activity is used as a measure of cognitive reserve. Based on the previous 
research and the cognitive reserve theory, the hypotheses that are tested in this study are 
as follows: 
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Hypothesis 1: Negative correlation between stress and memory is expected to be weaker 
among High exercisers than Low exercisers. 
 
Hypothesis 2: Stress is expected to correlate negatively with memory. 
 
Hypothesis 3: Physical activity is expected to correlate positively with memory. 
 
Hypothesis 4: Women are expected to have better memory than men. 
 
Hypothesis 5: Age is expected to correlate negatively with memory. 
 
Hypothesis 6: Formal education is expected to correlate positively with memory. 
 
 

Method 
 
Procedure 
The present study reanalyzes a dataset collected 2003-2005 within the Betula 
longitudinal prospective cohort study. To date, five waves of data collection have been 
completed since 1988. Betula is a population-based study focusing on memory, health 
and aging. (Nilsson et al., 2004). The Betula study was carried out in Umeå, a city of 
approximately 100 000 inhabitants in the north of Sweden. The researchers of Betula 
project selected participants from the population registry in Umeå and contacted them 
by mail. Participation was voluntary, and only volunteers without severe visual or 
auditory handicaps, or mental retardation were excluded from the study. The aim of the 
Betula study was to investigate factors predicting aging in healthy adults, and therefore 
cognitively impaired participants were not of interest. A further criterion was having 
Swedish as a first language. The test battery included questionnaires, interviews and 
neuropsychological assessments. The trained testers for the Betula study conducted the 
examination in two separate test sessions, each approximately 90 minutes long (for 
further information of the study design see Nilsson et al., 2004).  
 
Participants 
The data reanalyzed in the current study was derived from sample one at the fourth test 
wave of the Betula study. This sub-sample was proposed for further analysis by Cindy 
de Frias (PhD, Assistant Professor) who was a researcher in Betula project. The aim of 
this study was to study working aged, not yet retired. Therefore, from the sub-sample 
were selected participants between 50 and 65 years of age. The participants who had not 
answered in all test variables taken into the present study were excluded from the 
sample, and the final sample size under analysis was 267 instead of 320. Sample 
comprised 146 women and 121 men. See detailed participant characteristics, means and 
standard deviations in Table 1.  
 
For the further analysis, participants were divided into two groups according to the 
regularity of physical activity during the past 3 months. A group of Low exercisers (N = 
70) comprised subjects that had reported never (1), a few times (2) a couple of times a 
month (3), while a group of High exercisers (N = 197) had reported either a few times a 
week (4) or daily (5). 
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Material 
Perceived stress. Perceived stress was measured by using a 30-question 

instrument created for the Betula study. A composite score was calculated as a sum of 
all item scores. Given statements were for example “I get irritated or surly easy”, “I 
have difficult to relax”,  “I have to make too many decisions” and “My problems just 
pile up”. Given answer alternatives were on scale “Almost never” (1), “Sometimes” (2), 
“Often” (3) and “Usually” (4). Questions 1, 7, 10, 13, 17, 21, 25 and 29 were coded in 
reverse order.  
 

Physical activity. The regularity of leisure physical activity was assessed 
with one item. The participants were asked whether they engaged in any leisure 
physical activities in one question: “Did you during the last three months do the 
following: sports, exercise, stroll in the woods and land?” They were asked to specify 
the extent of engagement by reporting the frequency of their participation in activity: 
Never (1), A few times during the last three months (2), A couple of times a month (3), 
A few times a week (4) or Daily (5).  
 

Episodic memory. Episodic memory performance was measured with a 
subject-performed (SPT) free recall task where participants were presented with 
sentences that consisted of one verb and one noun denoting a simple action like “scratch 
your nose” and “roll the boll” (see a detailed task description in Rönnlund, Nyberg, 
Bäckman & Nilsson, 2003). An experimenter presented one sentence at a time (total 16 
sentences) on a card, 8 seconds for each sentence, and participants were instructed to 
perform the action in the sentence using the object (e.g. ball) to enact the sentence. 
When the last sentence had been presented, participants were asked to perform the 
actions in the sentence, for example roll the ball. The objects for executing the 
commands were kept visible during the experiment. Participants had to recall as many 
sentences as possible in a two minutes time, in any order. Only responses including the 
correct verb and noun were calculated to the result.  

 
 
Table 1. Means (M), standard deviations (SD) and range of study variables of the total sample (N=267). 
Gender is coded 1 = Female, 2 = Male. 

 
Variables  M SD Min Max 

 
Age  57,51 5,63 50 65 
Sex  1,45 0,50 1 2 
Education  13,66 3,99 7,00 26,00 
Stress  1,72 0,43 1 3 
Exercise  3,79 1,00 1 5 
Episodic memory 11,30 2,29 1 16 
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Results 
 

A Pearson product moment correlation analysis including all participants (Table 2) 
showed a significant negative association between age and memory (r = -.18, p < .01). 
Women performed significantly better than men (r = -.18, p < .01). The self-ratings of 
stress showed a statistically significant positive correlation with memory scores (r = .20, 
p < .01). Years of formal education had a significant positive relationship with memory 
(r = .16, p < .01). However, there was not a significant correlation between regularity of 
exercise and memory performance. Age showed a significant negative association with 
stress (r = -.32, p < .01), also, high education was positively related to stress (r = .26, p 
< .01). 
 
Table 2. Intercorrelations among all variables. 

 
Variables  1.  2      3     4    5  6   

 
1. Age -      
2. Sex -.07    -     
3. Education -.32** -.04 -    
4. Stress -.32** -.07 .26** -   
5. Exercise .12* -20** .06 -.10 -  
6. Memory  -18** -18** .16** .20** .04 - 

 
Notes. *p < 0.05, **p < 0.01. Sex is coded 1 = Female, 2 = Male. N = 267  
 
 
Hierarchical multiple regression analyses were used to assess the ability of perceived 
stress and regularity of exercise to predict performance on a SPT free recall task, after 
controlling for the influence of age, sex and education. Two regression analyses were 
conducted separately for the group of physically inactive (see Table 3) and a group of 
physically active  (see Table 4). 
 
First, age, sex and education were entered at Step 1, explaining 17 % of the variance in 
memory performance for Low exercisers, whilst only 6 % for High exercisers.  After 
entry of perceived stress at Step 2 the total variance explained by the model as a whole 
for Low exercisers was 22 % [F (4, 65) = 4,51, p < .01], whereas for High exercisers 7 
%, [F (4, 192) = 3,32, p < .01]. For the group of inactive participants stress explained an 
additional 5 % and for active only 1% of the variance in memory performance, after 
controlling for age, sex, and years of education. Perceived stress had a significant 
interaction effect with memory performance (ß = .26, p < .05) among the group of 
physically inactive, after controlling for age, sex, and years of education, whereas no 
significant interaction was found among physically active. Moreover, for the Low 
exercisers sex had a statistically significant interaction effect with memory (ß = .25, p < 
.05). Sex was the only significant predictor of memory among High exercisers (ß = -.15, 
p < .05). 
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Table 3. Hierarchical regression analysis showing the predictive influence of perceived stress on a SPT 
recall controlling for age, gender, education in a group of Low exercisers (N = 70). 
 

 
Variable   R2 ß p 

 
Step 1   .17  
Age    -.35 .01***  
Sex    -.25 .05* 
Years of education   -.04 .79 
R2 ∆  .17 
 
Step 2   .22 
Perceived stress   .26 .05* 
R2 ∆  .05 

 
Notes. *p < 0.05, **p < 0.01, p < .001**. Gender is coded 1 = Female, 2 = Male 
 
 
Table 4. Hierarchical regression analysis showing the predictive influence of perceived stress on a SPT 
recall controlling for age, gender, education in a group of High exercisers. (N = 197). 
 

 
Variable   R2 ß p 

 
Step 1   .06  
Age    -.11 .22  
Sex    -.16 .05* 
Years of education   -.13 .12 
R2 ∆  .06 
 
Step 2   .01 
Perceived stress   .08 .30 
R2 ∆  .01   

 
Notes. *p < 0.05, **p < 0.01, p < .001**. Gender is coded 1 = Female, 2 = Male 
 
 

Discussion 
 
The main purpose of the study was to investigate whether regular participation in leisure 
physical activities provided protection against negative effects of stress on a SPT free 
recall task in healthy middle-aged participants. Moreover, the purpose was to 
investigate whether age, sex and education had effects on memory. Their effect was 
controlled for in the hierarchical regression analysis. The data was originally collected 
within the Betula project and now it was reanalyzed. According to the previous 
findings, it was hypothesized that stress impairs episodic memory performance (e.g. 
Kuhlman et. al, 2005; Tulving, 2002) and physical activity improves memory (e.g. 
Colcombe & Kramer, 2003.) Furthermore, the physical activity was hypothesized to 
buffer against negative effect of stress on performance. The latter prediction was based 
on the cognitive reserve model that suggests physical activity, as a measure of cognitive 
reserve, to moderate the negative impact of stress on memory functioning (Scarmeas & 
Stern, 2003). To be able to identify the influence of regular physical activity the 
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participants were divided into two groups according to the self-reported frequency of 
physical activity; Low exercisers and High exercisers.  
 
First, the results showed no significant association between stress and performance 
when comparing Low exercisers and High exercisers. These findings were unexpected 
and inconsistent with the cognitive reserve model hypothesis that participants with high 
cognitive reserve (physical activity) will show less memory decline than less physically 
active participants with similar brain damage, or in this case, with similar stress level 
(Scarmes & Stern, 2003; Veena et al., 2009). Thus, this finding did not support the main 
hypothesis of this study that physical activity moderates the negative impact of stress on 
performance. 
 
Second, when all the participants were explored in the correlation analyses, the 
frequency of physical activity during the past three months did not show any significant 
effect on memory scores. This observation did not replicate the earlier discovery that 
exercise has been found to protect against stress sensitivity (Traustadóttir et al., 2004). 
Thus, this result could not confirm the second hypothesis of the study that physical 
activity improves memory performance. 
 
Third, when looked at participants as a whole, there was a significant positive 
relationship between stress and memory performance. This finding was unexpected 
because it did not replicate a number of previous studies indicating long-term stress to 
impair memory (Klein & Boal, 2001; Kuhlman et al., 2005; Virtanen et al., 2008; 
Vondras et al., 2004). Thus, this result did not support the last study hypothesis that 
performance is decreasing as a consequence of stress.  
 
With regard to age, as expected in the hypothesis, the correlation analyses over all 
subjects demonstrated that advancing age was significantly associated with lower 
performance, and were in line with the prior research findings of cognitive aging 
(Rönnlund et al., 2005). However, on the group level age did not have any significant 
effect. Furthermore, women performed significantly better that men both as a whole and 
in groups, and this also replicated findings that women has a tendency to remember 
more verbal information than men (Hyde & Linn, 1988) and confirmed the study 
hypothesis. As predicted in the hypothesis, education enhanced significantly 
performance when all participants were analyzed, but no significant contribution in a 
group level (Katzman, 1993). 
 
The multivariate analyses on a group level revealed two surprising findings. First, Low 
exercisers recalled sentences better under high stress, whereas no significant effect of 
stress was detected in High exercisers. After influence of age, sex and education on 
memory had been controlled for, stress alone contributed 5 % of variance in 
performance in Low exercisers, hence only 1 % among High exercisers. Second, for 
High exercisers the model as a whole including all variables (age, sex, education and 
stress) explained 22 % of variance in recalling sentences, whereas for Low-exercisers 
the model contributed only 7 %. Although, these results were insignificant, an 
interesting general direction can be detected. Participation in physical activities a few 
times a week or more frequently, seemed to suppress the negative influence of age as 
well as positive effect of stress on memory. These data suggest that exercise can reduce 
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the well-known age decline on episodic memory. Moreover, it is worth noting that 
women's advance in recalling was less evident among High-exercisers. In summary, 
among High exercisers the influence of age, stress and sex on memory performance 
decreased essentially compared to Low exercisers. 
 
Interpretation and limitations of the results 
The results did not support any of three main hypotheses, and consequently, the 
cognitive reserve model cannot be applied when explaining the findings. Next, 
alternative interpretations and certain limitations of the study are presented.  
 
Based on the frequency of exercise habits, the participants were divided into Low 
exercisers (never, a few times or a couple of times a month during the last 3 months) 
and High exercisers (a few times a week or daily during the last 3 months). It is possible 
that the effect of regularity of exercise on cognition and stress could have been found if 
only the participants who reported to exercise “never” or “daily” would have been 
compared, and not the rest of the participants who were placed somewhere in between. 
The chosen groups were now quite similar with each other, which was not meaningful 
considering the purpose to look for group differences. 
 
The result revealed that stress had a positive effect on memory and it indicates that the 
more stress one experiences the better one scores in a memory task. It is good to keep in 
mind that episodic memory was assessed with only a SPT free recall, and this task may 
not account for the general effect of stress on episodic memory. On the other hand, the 
finding that stress can enhance memory is actually nothing new. It is well known that 
short-term moderate stress may enhance performance (Yerkes & Dodson, 1908). 
However, the result of this study was not in line with the allostatic load model 
(McEwen, 2000a) that suggests that too much stress for a longer time impairs memory. 
According to the allostatic model when the body is out of balance as a consequence of 
prolonged stress, an individual cannot anymore function normally either physically, 
psychologically or cognitively. The conducted analyses here could show only the linear 
association between stress and performance. Another kind of statistical analysis would 
have been required to demonstrate at which stress level performance starts to decrease, 
and correlation becomes negative (Mendl, 1999). It would have been interesting to see 
the optimal stress level for a SPT free recall performance on an inverted U-shaped 
curve, and identify also points when stress is too low or too high. As the positive 
correlation was a surprising result, the next step was to look at the data closer.  
 
A problem might occur when interpreting the positive correlation between stress and 
memory because subjects had a relatively homogenous and low self-reported stress 
level. Among all participants, the mean stress score was 1,72  (on the scale from 1 to 4), 
and standard deviation was only 0,42. None of the participants received the highest 
stress composite score (4), and in lack of extreme values, the restriction of range 
problem should be taken into account and considered as a limitation of study (Borg & 
Westerlund, 2006). If participants are not spread enough according to stress scores, the 
significant correlation between stress and memory is difficult find even though it 
actually would exist. It seems that the sample included persons whose stress was at the 
highest on a optimal level and therefore, enhanced their memory performance. Due to 
the restriction of range problem, this result should not be generalized without a caution. 
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The participants evaluated their stress level with a self-report questionnaire, and 
accuracy of self-report will be discussed next. First, the relationship of cortisol levels 
and memory functioning are not simple, and second, different memory processes are 
affected differently. It is possible that the individual cortisol levels in the sample were 
too low to decrease a size of hippocampus and accordingly, impair performance. 
Performance on the episodic memory task should be affected by exposure to high levels 
of stress because of the effect of stress hormones on cell birth and death in 
hippocampus, which is essential for memory functioning (McEwen, 2000b). This 
assumption is supported by research that episodic encoding and retrieval are dependent 
on hippocampus, and episodic memory is particularly vulnerable to neuropathological 
dysfunctions (Tulving, 2002). In the modern world, stressors are often of psychosocial 
nature and the stress response is connected to the highly individual experience. The 
physiological response may be mild but if more pronounced, HPA axis activates. 
Importantly, subjective experience of stress does not always predict the physical stress 
reaction, and therefore, the elevated level of cortisol has been proposed as a better 
measure of stress (Pruessner, Hellhammer, & Kirschbaum, 1999). Some individuals are 
also more sensitive to stress and this might be explained by different personalities or 
locus of control (Cummins, 1988). As none of the participants did not value stress as 
extremely high (4), it can be speculated that the self-report cognitive interpretation of 
stress did not lead to a physiological stress response. So, in absence of a physiological 
stress response performance in a free recall remained intact. Alternatively, it is possible 
that reporting perceived stress over a period of three last months was not long enough to 
cause deficits of stress on cognition. Perhaps self-report from the 12 last months would 
have resulted in more reliable image of chronic stress state, or combining a self-report 
with a measure of cortisol level. In addition, it is presented as a weakness of this study 
that physical activity was assessed in only one question. More reliable results of the 
frequency of exercise may have been gained if control items had been used in the 
questionnaire. 
 
The participants performed generally well in the task (M = 11,30, SD = 2,3, max = 16), 
which indicated that a SPT free recall test is relatively easy. Perceived everyday stress 
has showed to have different effect on the episodic memory tests depending on the 
difficulty of the task (VonDras et al. 2005). Stress showed to impair retrieval more in 
complex memory tasks, involving executive functions. Therefore, it can be speculated 
that the free recall test used in this study might have not been sensitive enough to detect 
stress-induced decline. Nilsson and Bäckman (1989) have investigated the difference of 
a SPT task compared to a verbal recall. They suggest that verbal components force the 
participant to concentrate and perform the encoding process intentionally, whereas in 
the SPT free recall the participant automatically performs the given task and encoding is 
incidental. Consequently, the retrieval for the motor component is implicit (conscious) 
and for the verbal component explicit (unconscious). Explicit memory has found to be 
less depended on the hippocampus than implicit (conscious) and therefore, less sensitive 
to stress. If this finding is applied to the current study, the participants might not have 
needed memory strategies to remember self-performed sentences. It can also be 
speculated that the task used in the current study was not sensitive to stress because the 
task did not require effortful retrieval. Moreover, the nature of recalled sentences in the 
current study were neutral (e.g scratch your nose), and neutral words are not as affected 
by stress hormones as emotional memories (Kuhlman et al., 2005). 
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Low exercisers and High exercisers did not differ essentially as groups according to the 
studied variables: age, sex, years of education, perceived stress and memory scores. It is 
difficult to define if perceived stress actually affects the results in a memory test. There 
may be other background variables, that were not included in this study, influencing 
behind stress, such as personality factors, coping strategies, intelligence, sleep, health 
and lifestyle. According to Cummins (1988) for example social support was an 
important indicator to protect negative impact of heavy workload on stress. 
 
What do these results reveal about the effect of exercise on cognition? The major 
finding of this study was that those subjects, who participated in leisure physical 
activities a few times a week or more often, did not suffer from the natural negative 
impact of age. As the sample comprised only participants from 50 to 65 years, it is not 
possible to say that exercise diminished an effect of aging. Although this result was 
insignificant, it is of great interest as the finding suggests that exercise moderates the 
natural decline on the episodic memory. The compensating function of cognitive 
reserve has particularly been studied among elderly people because age naturally 
declines memory, and first episodic memory (Rönnlund et al., 2005). However, not all 
studies support the positive relationship between exercise and memory in old age. For 
instance, Leung and colleagues (2010) noted that intellectual activities were 
significantly correlated with better cognitive function among elderly subjects (e.g. word 
list learning, categorical verbal fluency and digit span) but no significant association 
with volunteer exercise, such as participating in yoga and hiking. The findings suggest 
that instead of focusing on the single lifestyle factor, differences between individuals in 
the face of mental challenges may result from the cumulative amount of cognitive 
reserve that protects from manifestation of brain pathology caused by stress. In the 
present study, the results were not significant, and therefore, the moderating effect of 
frequent exercise on age-related decline on memory could not be generalized outside 
the analyzed data.  
 
What could be behind the interesting results that among High exercisers the positive 
impact of stress and the negative effect of age was smaller than among Low exercisers? 
The current study investigated the correlations of variables, not the causal relationships, 
and therefore it cannot be said what caused the relationships. The idea of cognitive 
reserve is based on the assumption that overall active lifestyle develops better 
connections in the brain and improves alternative strategies to use memory (Scarmeas & 
Stern, 2003). Today, cognitive reserve theory considers for example social interaction 
as an equally important factor as physical activity and mental stimulation contributing 
into cognitive reserve. The variables included in the study were limited and therefore, 
alternative interpretations are only speculations. It is possible that High exercisers were 
also more socially engaged than Low exercisers, for example by doing sports in groups. 
Consequently, Low exercisers might be more vulnerable to the effects of stress than 
High exercisers because they lack both physical activity and social interaction. So, high 
social engagement together with regular physical activity may explain why exercise 
suppressed the negative effect of age on memory. In addition, volunteer exercise has 
shown to decrease anxiety (Peluso & Andrade, 2005) and therefore, it can be speculated 
that High exercisers were less affected by stress as they were controlling better their 
experiment-related anxiety.  
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Conclusions and future studies 
In summary, although these findings were unexpected, they provided an important view 
of the contributions of stress, age, education, and sex and on memory functioning, and 
allowed to differentiate their influence on memory performance depending on the level 
of physical activity. The present study showed that stress improves performance in a 
SPT free recall for Low exercisers, but it is impossible to say what causes the 
relationship. The data also indicated that frequent physical activity has a potential in 
suppressing the age-related episodic memory decline, but due to the limited age rage of 
the sample (50-65 years) it is not possible to interpret the results as a an effect of aging. 
However, these results suggest that staying physically active may benefit cognitive 
aging. Further studies should be needed using a wider age group to be able to make 
generalizations of aging based on the data. 
 
It was discussed that the relation between stress, cortisol level and memory functioning 
is anything from simple. Self-reports are not objective measures of physiological stress 
response. People have a tendency to pay attention to the negative effects of stress on 
memory and to forget that under certain conditions, stressful experiences can also have 
a positive impact on memory function. This study included certain limitations 
concerning test instruments and spread of data material, which call for cautious 
interpretation of the findings. Episodic memory was assessed with only one task, and it 
is not possible to detect the general effect of stress on episodic memory. 
 
The results of current study did not fit into the reserve model, and alternative 
interpretations of results were searched for. According to Stern (2002) the concept of 
cognitive reserve is still mostly a hermaneutic theory explaining the individual 
differences in cognitive performance, because the underlying mechanisms are far from 
clear. It is suggested that a composite score of behavioral factors such as years of 
education, social engagement and fitness would be a better predictive measure of 
reserve than a single item (e.g. physical activity), and allow to examine the cognitive 
reserve hypothesis (Leung et. al, 2010). Further research would be needed to explore the 
cause-effect relationships of memory and stress depending on fitness through physical 
exercise intervention studies. The cognitive reserve hypothesis could be better tested 
when using a battery of cognitive tests. The type of memory test always influences on 
the results, and also what kind of stress that is measured.  At present, it is not evident 
that what type of exercise may supply most protection, and therefore reporting the type 
of physical activity would be of great interest. The operationalization of stress, memory 
and physical activity should be considered carefully. 
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