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Abstract 
Aims: To examine the association of physical exercise (PE) and medication on cognitive 
function in older adults with vascular risks. 
 
Methods: This was a cross sectional study on 478 non-demented participants aged 60 
years and above with vascular risks. Management strategy included PE (mind-body 
exercise and/or strenuous exercise), medication, PE in combined with medication, and 
no management at all. Participation of PE was determined by self-reporting exercise 
engagement in the past year. Cognitive preservation was defined as a global composite 
z-score that was equal to or above the age and educational adjusted mean of 
cognitively normal older adults. Binary logistic regression was performed to examine 
the association between management strategy and cognitive preservation in each 
exercise modality adjusted by sociodemographic, physical, mental and genetic factors. 
 
Results: Association was found in preserved cognitive function for those who managed 
their vascular risks through PE (OR= 2.5, 95% CI 1.2 – 5.3, p= 0.015) and in combined 
with medication (OR=2.1, 95% CI 1.0 – 4.6, p=0.05). A similar pattern was also found 
in each exercise sub-type.  A significant short term (OR=3.6, 95% CI 1.0 – 12.4, 
p=0.042) to lifelong (OR=3.5, 95% CI 1.4 – 8.5, p=0.006) cognitive benefit was found in 
MB exercise. 
 
Conclusion: Medication alone may be insufficient to preserve cognitive function in 
older adults with vascular risk. In our sample, medication in combined with PE is found 
to have significant impact on cognitive improvement. MB exercise may be better than 
strenuous exercise, as a more sustainable cognitive effect is observed. 
 
Keywords: Cognitive preservation, lifestyle advice, exercise habit, vascular care, active 
ageing.  
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Introduction 
Multiple vascular risks, such as hyperlipidemia, hypertension and diabetes are 
common among older adults(1). Vascular risks account for much of the mortality, 
disability, functional decline, hospitalization, and healthcare costs in the older 
population worldwide (2), and are associated with an increased risk for developing 
cerebrovascular insults and stroke. They are also established risk factors for elevated 
risk of cognitive decline, and incidence of Alzheimer’s disease (AD) and vascular 
dementia (VaD) (3). 
 
Unfortunately, evidence on the use of cardiovascular treatment, such as statin, on 
improving both cardiovascular diseases (CVDs) and cognitive outcome in older adults 
with vascular risks is still under much debate due to uncertainty of medication use 
relating to efficacy and safety in older adults, especially for those aged 75 or older (4, 5). 
Previous cohort studies and randomized controlled trials (RCTs) on the cognitive effect 
of statin use in older adults showed mixed results due to poorly defined cognitive 
profiling and the use of non-standardized methods to detect cognitive impairments (6, 

7). Similarly, clinical trial data has failed to find clear cognitive benefits in aggressively 
treated hypertensive older adults due to short trial duration (8). The high residual 
vascular risks in intensively treated older adults suggested the presence of other risk 
factors in life that are not fully managed by medication alone (9).  
 
With a higher proportion of physical inactivity, cigarette smoking and unhealthy diet, 
it is not surprising to see an increasing trend of CVDs and related risks in developed 
countries. Enormous studies suggested that physical exercise (PE) might be beneficial 
to the cognitive function in healthy older adults through enhancement of 
cardiovascular fitness, cerebral circulation and neuroplasticity (10-12). However, it is not 
known if the cognitive effect of PE will add on or facilitate medication to provide 
further protection to community dwelling older adults with vascular risks.  
 
It is of interests to investigate the association of PE and medication on cognitive 
function based on the current situation on the self-management strategy among this 
specific population. Furthermore, we would explore on the association of different 
exercise modalities on the preservation of cognitive function in older adults with high 
vascular risks. We postulated that PE in combined with medication would have a 
superior cognitive effect than either treatment alone. Our study might provide 
convincing demonstration on the beneficial effect of combining primary and 
secondary levels of vascular care in the community, and ultimately help to promote 
and encourage PE in older adults with high vascular risks to prevent cognitive decline. 
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Methods 
Study design and participants 
This was a cross-sectional study on a sample of 478 non-demented community 
dwelling older adults with vascular risks and aged 60 years or above. The sample was 
drawn from a larger pool of 613 older adults who took part in a community survey on 
cognitive health (13). Individuals with a clinical dementia rating (CDR) of 0.5 or above 
and psychotic disorders were excluded from the analysis. All participants were 
interviewed between 2012 and 2013 and underwent an extensive list of assessments 
on lifestyle activities pattern, physical and mental health statuses, cognitive 
functioning, biological markers and sociodemographic information. Informed consent 
was obtained before the interview. The study was approved by ethics committee of 
the Chinese University of Hong Kong.  
 
Measurements 
Vascular risks 
Vascular risks were defined as the presence of any of the following criterion: (1) 
hypertension was defined by self-report of a clinical diagnosis; or a measurement of a 
systolic blood pressure ≥130 mm Hg and/or diastolic blood pressure ≥ 80 mm Hg; or 
on antihypertensive medication. (2) diabetes mellitus was defined by self-report of a 
clinical diagnosis; or having a fasting plasma glucose level of ≥ 7 mmol/L; or on blood 
glucose lowering medication; (3) hyperlipidaemia was defined by self-report of a 
clinical diagnosis; or having a total cholesterol level of > 8 mmol/L or low-density 
lipoprotein (LDL) level of < 4.9 mmol/L, or on lipid lowering medication; (4) obesity 
was defined as a having a Body Mass Index (BMI) of > 30 kg/m2; (5) smoking status 
was characterized as never, quitted or current smoking with number of cigarettes 
smoking per day; (6) Excessive alcohol consumption was defined as 4 alcoholic drinks 
for women and 5 or more for men in a single occasion for 5 or more days in the past 
month; and (7) physical inactivity was defined as having less than 30 minutes of 
physical exercises three times per week. A summary vascular risk score was also 
calculated by assigning 1 point for each of the above conditions. The score ranges from 
0-7, with higher score indicating greater level of vascular risks.  
 
Management strategy 

Management strategy referred to the method being used by older adults to modify 
their vascular risks. Based on the use of medications and/or physical exercise, vascular 
management were categorized into four types: (1) physical exercise; (2) medication; 
(3) physical exercise in combined with medication; and (4) no management at all. 
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Physical exercise (PE) 
PE was evaluated with a self-report questionnaire on lifestyle activity participation. 
Older adults who reported of engaging in any kind of PE during the past 12 months 
were classified as “Exercise” group. PE was further divided into mind body (MB) 
exercise and strenuous exercise. MB exercise encompasses Six forms, Tai chi, Qi gong, 
Pak duen kam, and yoga, whereas strenuous exercise includes moderate to strong 
intensity activities, such as running, hiking, swimming, ball games, and etc. Level of 
participation was evaluated based on number, frequency (daily, several times a week, 
weekly, several times a month, monthly, bimonthly and 3 months or longer), and 
duration during the past 12 months. They were also asked to indicate the total number 
of years of practice (14). 
 
Primary outcomes 
Global cognitive functioning 
CDR was utilized to diagnose severity of clinical dementia (15). Cantonese version of the 
mini-mental state examination (CMMSE) was used to assess global cognition (16). The 
score ranges from 0 to 30 with a general cut-off point of 19/20, indicating possibility 
of suffering from dementia. Other cognitive performance was measured by category 
verbal fluency test (CVFT) (17), and 10-minutes delayed recall extracting from the 
Alzheimer’s Disease Assessment Scale Cognitive Subscale (ADAS-Cog) (18). A composite 
score on global cognitive functioning was calculated based on the sum of three z-
scores that are converted from the raw scores of CMMSE, CVFT and delayed recall.  
 
Potential confounding variables 
Socio-demographic information include age, years of education, gender (male/ female) 
were obtained. Physical burden was evaluated using the Cumulative Illness Rating 
Scale (CIRS) (19). Mental health status was assessed using the Revised Clinical Interview 
Schedule (CIS-R) that diagnosis of common mental disorders, according to the Tenth 
Revision of the International Classification of Diseases of the World Health 
Organization (ICD-10) diagnostic criteria (20). Genotyping was grouped based on the 
presence of apolipoprotein e4 (ApoE4), so participants with one or more copies were 
categorized as e4 carrier. 
 
Statistical Analyses 
In this study, older adults with CDR 0 and a vascular risk score of 1 or above were 
included in the analysis. Cognitive functioning was categorized into: (i) poor cognitive 
functioning if the global composite cognitive score exceed one standard deviation (SD) 
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below the age and educational adjusted mean of older adults with CDR 0; and (ii)  
preserved cognitive functioning if the global composite cognitive score was equal to 
or above the adjusted mean. Binary logistic regression analyses were performed to 
investigate which management strategy and PE would be associated with preserved 
cognitive function. Potentially confounding variables included in the binary logistic 
regression were age, gender, education, physical comorbidity, mental health 
problems, and genotyping. Data analysis was performed using IBM SPSS 23.0 for 
Windows. Statistical significance was set at a level of 0.05. 
 
Results 
Management strategy in older adults with vascular risks 
The sample (N=478) has a mean age of 68.6 years (SD=6.3) with a mean year of 
education of 9.9 years (SD=4.7). More than half (54.6%) were females. Close to one-
third (28%) of the sample engaged in some forms of PE to manage their vascular risks. 
About a quarter (23.6%) of the sample relied on medication only to modify their 
vascular risks. Slightly more than one third (32.8%) of the sample adopted exercise in 
combined with medication to manage their vascular risks. The remaining 15.5% had 
never exercised nor took any medication to manage their vascular risks. Table 1 shows 
the management strategy that endorsed by older adults with vascular risks during the 
past 12 months.  
 
We have also compared the demographic variables and physical illness burdens for MB 
exercise and strenuous exercise between individuals being excluded for stopping 
exercise with those who remained in the analysis. For MB exercise, we found that 
individuals being excluded have significantly more physical illness burdens than those 
who remained in the analysis (t=-3.650, p<.001). For strenuous exercise, likewise, 
those being excluded have significantly more physical burdens than those who 
remained in the analysis (t=2.804, p=.006). 
 
Cognitive effect of different exercise modality 
After adjustment on sociodemographic factors, physical burdens, mental health status 
and APoE4 genotype, we found an increased odd in preserved cognitive function in 
those who managed their vascular conditions through only PE (OR=2.5, 95% CI 1.2 – 
5.3, p=0.015) and in combined with medication (OR=2.1, 95% CI 1.0 – 4.6, p=0.05). 
However, no association with the use of medication was found in the sample. 
 
Similar pattern was also observed in each exercise subtype. Binary logistic regression 
has shown an increased odd in preserved cognitive function in those who endorsed 
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MB exercise in combined with medication (OR= 2.9, 95% CI  1.1 – 7.7, p= 0.029) and 
strenuous exercise in combined with medication (OR= 2.4, 95% CI 1.1 – 5.3, p= 0.036). 
Table 2 displays the associations (in odd ratio and 95% confidence interval) between 
management strategy and preserved cognitive function in terms of different exercise 
modalities. 
 
Short- and long-term cognitive effects 
Further analysis was performed to investigate association between years of practicing 
different exercises and preserved cognitive function. After controlling for 
sociodemographic factors, physical burdens, mental health status and APoE4 genotype, 
a higher odd for preserved cognitive function was found in those who practiced MB 
exercise for 1-5 years (OR=3.6, 95% CI 1.0 – 12.4, p=0.042), 6-10 years (OR= 3.2, 95% 
CI 1.2 – 8.6, p=0.023), and over 11 years (OR=3.5, 95% CI 1.4 – 8.5, p=0.006). For 
strenuous exercise, only those with a practice of 1-5 years was associated with an 
increased odd of preserved cognitive function (OR=2.3, 95% CI 1.0 – 5.1, p=0.046). 
Table 3 shows the odd ratio of preserved cognitive functioning in older adults with 
vascular risk on different types of exercise by years of practice. 
 
Discussion 
The study evaluated the cognitive effect of various management strategies in a 
community sample of older adults with vascular risks. Our findings demonstrated that 
physical exercise or in combined with medication was associated with preserved 
cognitive function in our sample. While most studies reported the beneficial effect of 
physical exercise on cognitive function in both healthy and cognitively impaired older 
individuals, our study has extended the current evidence to older adults with vascular 
risks (21).  
 
Although association was found between physical exercise and preservation of 
cognitive function, the relationship appeared to be weak.  An explanation might be 
the inclusion of older individuals who were not particularly fond of exercise or tended 
to exercise irregularly. The problem of heterogeneity in exercise frequency and 
intensity often identified in observational studies (22). However, our findings suggested 
that any forms of spontaneous exercise in the neighborhood without coaching might 
also provide cognitive benefit to older adults with vascular risks. It could encourage 
the at-risk group with a rather passive management strategy, such as taking 
medication only or keeping basic daily chores, to take on an exercise habit even in a 
minimal amount to reduce sedentariness and other lifestyle risks for neuroprotective 
effects on structural and functional brain changes (21). 
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In this study, more than half (56.4%) of the participants were on some type of vascular 
medications. While therapeutic medication may have direct clinical basis to reduce 
vascular risks, there appeared no association in providing cognitive benefits. This 
finding is important because it suggested that the risk of developing cognitive 
impairments could not simply be amenable to pharmacological vascular treatment. 
Our interpretation has gained some supported from previous studies on the 
insufficiency in reliance on medication to enhance cognitive function in older adults at 
risk of developing cognitive impairment (23). In clinical practice, vascular conditions are 
commonly treated with multiple drugs, but treatment target are not always reached 
as intended in the older population. It could be mostly due to polypharmacy and drug 
interaction effect that affected drug tolerance and compliance in this group. 
 
Contrary to our hypothesis, cognitive function in the physical exercise in combined 
with medication group was not better than but comparable to exercise group. An 
explanation might be that the biological mechanisms, such as neurogenesis, 
underlying cognitive effect of physical exercise are lacking in drug treatment (24). 
Animal studies further confirmed the mediating role of brain-derived neurotrophic 
factors (BDNF) between physical exercise and hippocampal neurogenesis (25). In 
addition, physical exercise and vascular medication are targeting different vascular 
conditions that associate in the ageing process. Previous studies showed that regular 
physical exercise might serve to improve arterial stiffness, peripheral vascular function 
and cerebral circulations, whereas the goal of drug treatment mainly aimed at 
symptoms control and prevention of worsening of already existing conditions (26). It is 
possible that physical exercise exerts its cognitive effect by improving vascular and 
brain health simultaneously, and such effect is not related to medication use. 
 
While the above findings agreed on the cognitive effect of physical exercise, a more 
relevant question to ask might be on the type and duration of physical exercise to be 
suggested for older adults with vascular risks. This study has comprehensively 
provided information on the short-term, intermediate and long-term effect on MB and 
strenuous exercises in older adults at high risk of developing cognitive impairment. 
Our findings showed a differential exercise-induced cognitive effect between MB and 
strenuous exercises. More specifically, an initial cognitive effect was found in short-
term engagement of strenuous exercise. This might be due to the increasing difficulty 
in sustaining the required intensity of motor activity in strenuous exercise as 
individuals aged. Animal studies have already demonstrated the association in intense 
motor activity and cognitive effect in neurogenesis and brain molecular changes in 
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rodents (27). On the contrary, a significant and continuous prolonged cognitive effect 
was found in older adults who engaged in MB exercise. This is consistent with a recent 
meta-analysis of the relationship between MB exercise and better cognitive 
performance across different domains (28). Most importantly, our finding showed that 
the cognitive effect of MB exercise could enhance with increasing lifelong exposure, 
suggesting that brain plasticity is possible in older people in response to the dual 
stimulations of MB exercise.  
 
This study has several strengths. First, we included older adults with a wide range of 
modifiable vascular risk factors that could add on together to influence subsequence 
CVD and cognitive outcomes. It might help to extrapolate our findings to intensively 
treated older adults whose risk of developing cognitive decline might be amenable to 
simple lifestyle modification, such physical exercise. This would help to avoid the use 
of ineffective or excessive treatments in older adults with vascular risks. Put it 
differently, our result supported the use of primary care as an assistive therapy to 
secondary care in older adults with vascular risks for dementia risk reduction. 
Therefore, our result might have influence on the current clinical practice and some 
effects on reducing burden on the healthcare system in the long run. 
 
Second, we have carefully inspected the cognitive effect in older adults with varying 
exercise patterns. As suggested by the use it or lose it theory, cognitive function could 
be maintained or improved through continuous brain stimulation. Individuals who 
stopped exercise were excluded from the analysis, as reduction of activity level might 
likely to reflect physiological deterioration or onset of other illnesses that could 
potentially affect the cognition for a prolonged period. We also avoided the possibility 
of any carry-over effects of previous physical exercise practice on cognition.  
 
Furthermore, our findings revealed the endorsement of poor vascular management 
among older adults with vascular risks in Hong Kong. Close to 40% of our sample led a 
sedentary lifestyle or chose to rely on therapeutic medications only to manage their 
vascular conditions. This information reflects the attitude of older adults towards 
medical help seeking and possibly a misunderstanding that therapeutic medication 
alone is good enough to manage the conditions. Older adults on vascular medications 
might not be aware of the need to commit both physical exercise with medication to 
obtain the full benefit of cognitive effect. To effectively prevent cognitive impairment 
in older adults with vascular risks, the role of regular exercise plus optimal symptom 
control should be emphasized. Currently, only a small portion of older adults enjoys 
the cognitive benefits that brought by the combined management strategy. The 
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phenomenon found in this study, if continue, would have poor implication on cognitive 
decline and incidence of dementia in the long run. Therefore, our study has provided 
us with updated data on the behavioral preference of older adults and revealed the 
need to promote the benefits of physical exercise in combined with medication to 
those following a passive vascular management strategy. 
 
Several limitations were noted in this study. First, we did not have data on how long 
each vascular risk has been developed. The effect on cognitive function would be more 
profound and diverse in older people with mid-life vascular risks. Second, this was a 
cross-sectional study. We could not examine the reverse causation of vascular risks on 
cognitive function in our sample. Some studies found that low blood pressure or 
sudden weigh loss in late life could be associated with cognitive decline (29, 30).  
 
Our findings demonstrated a clear benefit combining primary and secondary levels of 
vascular care for better cognitive outcome in the community. Medication alone may 
be insufficient to enhance cognitive functioning in older adults with vascular risks. 
Commitment is needed in both physical exercises and medication to obtain additional 
cognitive benefits. MB exercise provides a more sustainable cognitive benefit than 
does strenuous exercise to older adults with vascular risks. Our study provides useful 
information for health centers to structure a continued care for older adults with high 
vascular risk to prevent cognitive decline. It also helps to promote active lifestyle in 
conjunction with medication in those at risk of cognitive decline due to vascular risks. 
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