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Association between Healthy Lifestyle Index and Cognitive 

decline In Community- Dwelling Lebanese Older Adult0073 

 

Maha Ezzeddine  

ABSTRACT 

Objective: Normal aging is often associated with cognitive deterioration in older adults, 

but the prevalence of cognitive decline like cognitive impairment, Alzheimer’s disease 

and dementia has been increasing lately. Pharmacological treatments have been 

previously critiqued, so researchers are focusing now on studying the non-

pharmacological strategies against cognitive decline.  Adopting a healthy lifestyle that 

constitute of following a healthy diet, consuming moderate alcohol amount, being 

physically active, maintaining a healthy BMI and never smoking is an important 

protective factor against cognitive decline. Since Lebanon ranks the highest percentage 

of dementia among the Arab countries and studies assessing this effect are still scarce, 

the aim of this study was to establish the association between a healthy lifestyle and 

cognitive decline.  

Methods: This is a secondary cross-sectional data analysis conducted on 502 community 

dwelling Lebanese older adults aged ≥ 65 years old and their informants recruited from 

two main governorates in Lebanon: Beirut and Mount Lebanon. Cognitive decline was 

assessed using three measurement tools: RUDAS, IQCODE and 10/66 DRG and the 

healthy lifestyle index (HLI) was based on 5 components: diet, BMI, alcohol, physical 

activity and smoking with a score ranging from 0 to 20. Three categories were created 

based on statistical quartiles and lowest (Q1), intermediate (Q2-Q3) and highest 

adherence to HLI were compared. Logistic regressions were performed to assess the 

relationship between HLI and prevalence of cognitive decline while adjusting for: age, 

gender, marital status, education, number of chronic diseases, medications, depression, 

and social activity.   
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Results: The final sample size included 432 participants with an average age of 72.4 years 

and constituted of 56.7% females. One third were cognitively declined and they were 

more likely to be females (p=0.002), older in age (p=0.002), had lower levels of education 

(p=0.008), took more medications (p=0.027), were less socially active (p=0.02) and in 

general they followed a less healthy lifestyle. Participants in the highest HLI category had 

a significantly lower prevalence of cognitive decline as demonstrated by RUDAS 

(p<0.0001) and IQCODE (p<0.0001), but not by 10/66DRG (p=0.069). Lastly, 

participants with the highest adherence to HLI had a 77% lower prevalence of cognitive 

decline when assessed by RUDAS (OR: 0.23, 95%CI: 0.12-0.45, p<0.0001), but this 

association was not significant when assessed by IQCODE and 10/66 DRG.  

Conclusion: The results showed that a healthy lifestyle might contribute to a lower 

prevalence of cognitive decline in older adults. Longitudinal prospective studies should 

be performed to assess the effect of adherence to a healthy lifestyle on cognition at early 

and late-life stages.    

Keywords: cognitive decline, older adults, healthy lifestyle index, cognitive tools, 

Lebanon 
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Chapter One 
 

Literature Review 
 

1.1: Overview about Cognitive decline  
 

Different populations around the world are experiencing a change in the age 

distribution, caused by an increase in life expectancy, a decrease in fertility and 

advancements in medical health care systems. Globally, the percentage of older adults 

aged 65 years or above was 9.3% in 2020 and it is expected to double by 2050 to reach 

16% (United Nations, 2020). In the last few decades, Lebanon has shifted towards an 

aging population where life expectancy has increased from 60 years in 1950 to 71.1 years 

in 1990 to reach 79 years in 2021 in both females and males (Lebanon Demographics, 

2021). According to the United Nations, Lebanon records a high percentage of older 

adults in the Arab region at 11.5% and this percentage is expected to double by 2030 and 

to exceed 20% by 2050 (World Population Prospects, 2017).       

This anticipated increase in older adults’ population will lead to a rise in the 

demands of older adults’ health care management (McGrath, R., et.al, 2019). As it is well 

established, increased age is associated with different age-related health issues like 

functional, psychological, and physiological deteriorations (Carlson, C., et.al, 2015). 

Cognitive decline is one of the psychological deteriorations of major concern, because it 

contributes to the dependency and disability among this age group (World Health 

Organization, 2021). Cognitive decline is a neurodegenerative disease that can occur 

normally as a person age and the severity of this decline can differ from one individual 

to another depending on the risk factors the person encounters. Individuals usually self-

report this case by claiming that they suffer from limited ability of recalling or 

remembering and these symptoms usually occur over a period of 12 months (Centers for 

Disease Control and Prevention, 2019).  
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Furthermore, cognitive decline can be classified into several categories depending 

on the severity of the cognitive deterioration (CDC, 2019). The first form is cognitive 

impairment which is an advanced stage of cognitive decline consisting of two phases: 

mild cognitive impairment and severe cognitive impairment. Mild cognitive impairment 

is a state where the family, friends, and the surrounding notice a change in the memory 

of the patient. For example, the surroundings start to notice that the patients are missing 

some appointments, losing personal belongings, and having difficulties in pronouncing 

words. Yet, in this phase the patient can still depend on oneself to perform daily activities 

(Cheng, Y. W., et.al, 2017). The second phase is severe cognitive impairment which is a 

weakness in the ability of a person to make decisions or remember familiar places; thus, 

it interferes with the daily living of the patient making him in need of personal assistance 

(CDC, 2021). The third form of cognitive deterioration is dementia. Dementia is a state 

where the patient had lost completely the ability to perform tasks and make judgments 

and they are in an urge for a caregiver. The most common type of dementia Alzheimer’s 

disease (CDC, 2021). As a brief definition, Alzheimer’s disease is an irreversible disorder 

that causes an alteration in the tissues of the brain leading to memory loss. The patient 

usually performs unpredictable behaviors and forgets conversations happened minutes 

ago; thus, placing the patient in an urgent need of a special support and care (CDC, 2021).       

Reporting the prevalence of these cognitive conditions is important to set some 

prevention measures and policies (Pais, R., et.al, 2020). The prevalence of dementia 

among older adults is 11.3% in the United States (Alzheimer’s disease Association, 2021) 

and estimated to be 7.2% in the United Kingdom (Alzheimer’s Society, 2020). These 

numbers are expected to triple by 2050 globally; thus, placing a burden not only on the 

families and caregivers, but also on the society (WHO, 2021). In the Arab region, the 

prevalence of dementia ranges between 1.1% to 2.3% among adults aged 50 years or 

more and 13.5% to 18.5% among older adults aged 80 years or more (El-Metwally, A., 

et.al, 2019). Nevertheless, Lebanon has the highest percentage of dementia in the Arab 

World with a prevalence of 7.4% in groups aged 65 years and above (Phung, et.al, 2017). 

Therefore, this increase imposes a major concern on economic and health conditions 

associated with dementia (Sibai, A. M., 2015).  
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Cognitive impairment can lead to several negative consequences some of which 

are depression, anxiety and psychological distress. These consequences can lead to a 

decrease in the quality of life, thus raising the concerns for the need of health care support. 

Besides, all these negative effects can contribute to an increase in mortality rate (Kim, B. 

J., et, al, 2018). For instance, older adults diagnosed with dementia suffer from a loss in 

concentration and difficulties in coping with daily livings. These patients might quit jobs, 

stop driving, and become less socially active, and this is usually perceived as bothersome 

and could lead to sadness and depression (Johansson, M. et.al, 2015). These behavioral 

changes are also accompanied by emotional and financial distress of caregivers because 

it becomes an overwhelming responsibility; thus, caregivers are at a higher risk of 

depression, poor physical health, and anxiety (CDC, 2019). In fact, the National Health 

and Aging Trends Study, a longitudinal study designed to understand the consequences 

of late-life aging, have observed that caregivers spend a mean time of 142.5 hours per 

month to assist a person with dementia while they spend only 96.5 hours in helping older 

adults without dementia. This shows that assisting older adults with dementia in daily 

activities and self-care requires a lot of time and effort from the caregivers (Kasper, J. D., 

et.al, 2015). Moreover, dementia can be burdensome on the economic and health care 

systems. The total cost for the health care treatment of dementia was approximately 305 

billion dollars in 2020 and is expected to reach 1 trillion dollars by 2050 (Wong, W., 

2020). Furthermore, it is noteworthy that the health care cost of non-dementia patients is 

$7,750 per person while it is three times more for older adults with dementia ($25,213) 

(Wong, W., 2020).   

It is true that older adults are normally subjected to a decline in their memory, 

language, perception, and judgment (CDC’s National Center for Chronic Disease 

Prevention and Health Promotion, 2019); nevertheless, factors such as mood disorders 

(John, et.al, 2019), type of diet, and exercise also affect cognition (Jaroudi, et.al, 2017). 

Other factors that can contribute to this deterioration are cognitive inactivity like being 

socially isolated and not engaging in social activities (WHO, 2021), traumatic brain 

injury, family history, age, and chronic diseases like hypertension, diabetes and 

hyperlipidemia (CDC, 2021). Nevertheless, it has been shown that reducing the 

modifiable risk factors of Alzheimer’s disease such as low education, smoking, physically 
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inactivity, depression, diabetes, mid-life hypertension, and mid-life obesity by 10% can 

prevent 1 million cases of Alzheimer’s disease (Norton, S., et.al, 2014). Unsurprisingly, 

the WHO identifies dementia as one of the most important public health concerns where 

actions and programs should be developed to avoid the negative health consequences of 

dementia (WHO, 2021). In fact, both the WHO and the Alzheimer’s Society acknowledge 

that following a healthy lifestyle is associated with preventing cognitive decline. In 

particular, they recommend following a healthy diet, have a healthy body mass index 

(BMI), consume alcohol moderately, stop smoking, and be physically active. Following 

these recommendations is not only directly associated with a reduction of cognitive 

decline, but also reduces the risk for several communicable diseases shown to be 

associated with cognitive decline like hypertension, diabetes, and obesity.  These 

beneficial interventions can be recommended by clinicians without the need for any 

cognitive screening (Brayne, 2020). Therefore, studies are investigating the non-

pharmacological strategies like diet and physical activity to establish its effect on 

cognitive decline (Klimova, et al, 2018); in addition to several modifiable risk factors like 

cardiovascular and lifestyle risk factors: smoking, alcohol consumption and cognitive 

training (Baumgart, et.al, 2015). In the following sections, the associations of cognitive 

decline and the following modifiable risk factors: diet, BMI, smoking, alcohol 

consumption and physical activity will be respectively detailed.  

 

1.2: Diet and cognition  
 

Diet has been acknowledged to be an important modifiable risk factor of cognitive 

decline (Edwards III, G. A., et.al, 2019). In fact, several studies have shown the beneficial 

effects of single nutrients and dietary patterns on cognition (Canevelli, M. et.al, 2016). 

For instance, the National Health And Nutrition Examination Survey study (NHANES) 

has shown that the higher intake of lutein and zeaxanthin is associated with a 2.52 point 

higher cognitive test score (P=0.01) leading to the conclusion that these anti-oxidants are 

beneficial in delaying cognitive decline (Christensen, K., et.al, 2018). Moreover, the 

prospective cohort Women’s Health Initiative Memory Study has assessed the effect of 
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vitamin B6, vitamin B12 and folate on cognition over a period of 5 years on 7,030 

participants aged 63 years or above free of cognitive impairment. It has shown that being 

in the highest quartile of folate intake (400 µg/day) decreases the risk of all cause 

dementia by 53% (HR: 0.47, 95% Confidence Interval (CI) = 0.28-0.81) (Agnew-Blais, 

J. C. et.al, 2015). Other studies have also shown a protective effect of other vitamins and 

dietary food like dietary vitamin K (Soutif-Veillon, A., et.al, 2016) and omega-3 

(Samieri, C., et.al, 2018) against cognitive decline. Thus, different nutrients and food 

groups can significantly improve cognitive decline (Edwards III, G. A., et.al, 2019). 

Nevertheless, the combination of several nutrients or dietary patterns might have a greater 

effect on cognitive function than a single nutrient (Alles, B., et.al, 2012). More 

specifically, three major dietary patterns were shown to be effective in slowing cognitive 

decline: Mediterranean type Diet (MeDi), Dietary Approaches to Stop Hypertension 

(DASH) diet, and the Mediterranean-DASH Intervention for Neurodegenerative delay 

(MIND) diet.  

As a definition, the MeDi is a diet that recommends the daily consumption of 

fruits, vegetables, and grains, in addition to a weekly consumption of beans, nuts, seeds, 

fish and seafood and dairies. Also, it recommends the use of olive oil, avocado, peanut 

butter and healthy fats, and the consumption of alcohol in a moderate amount for both 

men and women (Solfrizzi, et.al, 2017). For instance, the Spanish PREDIMED 

randomized controlled trial included 447 participants, of whom 52% were women with a 

mean age of 66.9 years and followed up for 4.1 years. The participants were divided into 

3 groups: the first received a MeDi supplemented with extra virgin olive oil, the second 

received a MeDi with nuts and the third group was a control that was informed to decrease 

dietary fat intake. The results showed that the participants following the MeDi 

supplemented with extra virgin olive oil scored better on the cognitive testing of Rey 

auditory verbal learning test (RAVLT, a test used to detect memory functional change), 

and color trial compared to the control group. Furthermore, they had a greater 

improvement in the frontal and global composite scores compared to both the group 

following a MeDi supplemented with nuts and the control group.  Moreover, the group 

receiving a MeDi with nuts had a greater improvement in memory composite score with 

a mean score of 0.09 compared to the 1st (0.04) and 3rd group (-0.17) (p=0.04). Thus, the 
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MeDi with olive oil or nuts is effective in improving cognitive function (Valls-Pedret, C., 

et.al, 2015). These results are in line with another cohort study that included 1,865 

participants (41% males) with a mean age of 73 ± 6 years from the Hellenic Longitudinal 

Investigation of Ageing and Diet (HELIAD). The authors observed that being in the 

highest quartile of MeDi adherence decreased the risk of dementia by 50% (OR=0.499, 

95%CI=0.208- 0.969; p=0.041) (Anastasiou, C. A., et.al, 2017).  In fact, all the 

aforementioned studies are confirmed by a meta-analysis of 15 cohort studies including 

41,492 participants and two randomized controlled trials including 471 participants. The 

results showed a positive significant association between the MeDi diet and global 

cognition (p<0.001 and p=0.047 respectively). Therefore, the adherence to MeDi is 

proven to be effective against cognitive decline (Loughrey, D. G., et.al, 2017).   

Moreover, the DASH diet recommends lowering the intake of salt to 2,300 

mg/day and eating food rich in vitamins and minerals that lower blood pressure (Solfrizzi, 

et.al, 2017). The DASH diet was initially conceived to protect against hypertension; 

nevertheless, it was shown to be protective against cognitive decline (van den Brink, A. 

C., et.al, 2019). A 6-year prospective cohort study that included 16,144 women from the 

Nurses’ Health Study aged 70 years and above investigated the effect of the adherence of 

the DASH diet on cognitive function. Cognitive function was assessed three times via 

phone calls and dietary intake was assessed via a semi-quantitative food frequency 

questionnaire once every two years. The results showed that the participants in the highest 

quintile of the DASH diet had a better global cognitive score (mean difference over the 

follow-up period = 0.04, 95%CI=0.01-0.07), verbal memory score (mean difference = 

0.04, 95%CI=0.01- 0.07) and status Mini-Mental State Examination (mean difference = 

0.16, 95%CI=0.03-0.29) (Berendsen, et.al, 2017). Furthermore, a cross-sectional study 

included 819 healthy older adults (459 females & 360 males) with a mean age of 78.7 

years and assessed the effect of several dietary patterns on cognitive function. It was 

observed that there was a significant positive relationship between both the Medi diet and 

DASH diet and the visuospatial cognition (p= 0.002 & 0.001, respectively). Besides, there 

was a positive association between the legumes and nuts food group and visuo-spatial 

(B= 0.105, 95%CI=0.047-0.163, p<0.001), language (B= 0.113, 95%=CI 0.038-0.189, 

p=0.003) and global cognition (B=0.117, 95%CI= 0.052-0.181, p<0.001). Thus, the 
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DASH diet is another type of dietary pattern that contributes to a decrease in cognitive 

aging (Chen, X.,et.al, 2021).    

Also, the MIND diet has been created as a combination of the two previously 

mentioned dietary patterns with an emphasis on brain neuroprotective food components 

(Morris, M. C., 2016) which are green leafy vegetables, berries, nuts, whole grains, 

poultry, seafood, olive oil, wine and other vegetables, in addition to emphasizing a lower 

intake of each of butter, cheese, pastries and sweets, stick margarine, red meats and fried 

and fast food (Morris, M. C., et.al, 2015). The MIND diet has been proven to improve 

cognitive performance (Arjmand, G., et.al, 2020). In fact, a 12-year prospective cohort 

study performed on 1220 Australian females and males with a mean age of 62.5 years has 

shown that participants following a MIND diet had a significant decrease in risk of 

cognitive impairment assessed by the Informant Questionnaire on Cognitive Decline in 

the Elderly (IQCODE) after the follow-up (OR=0.72, 95%CI=0.54-0.95; p=0.018) 

(Hosking, et.al, 2019). These results are in line with another study examining the 

association between different dietary patterns and cognitive decline, where it was shown 

that participants who followed the MIND diet had a lower risk of Alzheimer’s disease 

when they were in the second and third tertile (OR=0.65, 95% CI: 0.26-0.76 and 

OR=0.46, 95%CI: 0.26-0.76, respectively) compared to those in the first tertile. 

Furthermore, those in the third tertile of the MIND diet had lower risk of Alzheimer’s 

diseases when compared to those in the third tertile of MeDi and DASH (OR=0.61, 

95%CI: 0.38-0.79 and OR=0.46, 95%CI: 0.26-0.79, respectively). Therefore, all three 

diets are effective in reducing Alzheimer’s disease risk (Morris, M. C., et.al, 2015).   

Moreover, a prudent diet that is rich in fruits and vegetables, legumes, whole 

grains, and low in processed food showed promising results in improving cognitive 

function. A study among 2,223 participants aged 60 and above followed-up for 6 years 

demonstrated that those following a prudent diet had less cognitive function decline 

(Beta=0.106, p=0.011) compared to individuals following a western diet that is known to 

be high in processed food and low in fruits, vegetables, whole grains and legumes (B= -

0.156, p<0.001) (Shakersain, B., et.al, 2016). These results are in line with another cross-

sectional study that aimed to assess the effect of several dietary patterns including the 
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prudent diet on cognitive decline among 819 healthy older adults (56.04% females) with 

a mean age of 78.7 years. The authors observed a positive association between global 

cognition at baseline and healthy prudent diet in females (B= 0.307, 95%CI: 0.053-0.562, 

p<0.019) and a negative association between western diet in males and global cognition 

at baseline (B= -0.242, 95%CI: -0.451, -0.034, p<0.023) (Chen, X., et.al, 2020). 

Therefore, all of the aforementioned dietary patterns are beneficial in delaying cognitive 

decline in older adults (Chen, X., et.al, 2019). Despite the small differences in all these 

dietary patterns, they are all similar in terms of recommending different food groups like 

the ones rich in antioxidants or avoiding others like the processed food for a better 

cognitive health. In conclusion, following a healthy diet rich in fruits, vegetables, whole 

grains and low in processed food at late-life age is effective in delaying cognitive decline 

(Klimova, B., et.al, 2020).  

 

1.3: BMI and cognition 
 

BMI is another factor affecting cognitive decline where studies have shown that 

both being obese or underweight at late-life age are associated with an increased risk of 

cognitive deterioration (Joo, S. H., et.al, 2018). Older patients diagnosed with 

Alzheimer's disease have a lower BMI and a higher risk of malnutrition than healthy older 

adults (dos Santos, et.al, 2018). A study done on 228 older adults having mild cognitive 

impairment has observed that individuals who were underweight with a BMI less than 20 

kg/m2 had an increased risk of progression to dementia (HR= 2.49, 95%CI: 1.2-5.15) but 

not to Alzheimer’s disease (HR= 2.24, 95%CI: 0.94-5.32). Moreover, it was observed 

that everyone additional unit of BMI decreased the risk of progression to dementia by 

12% (HR= 0.88, 95%CI: 0.81-0.95) and to Alzheimer’s disease by 10% (HR= 0.9, 

95%CI: 0.83-0.99) (Cova, I., et.al, 2016). Thus, a low BMI less than 20 kg/ m2 at late-

life age is considered as a risk factor of cognitive impairment (Gustafson, D., 2015). On 

the other hand, several studies have suggested that a high BMI is also a risk factor of 

cognitive deterioration, where a meta-analysis of 23 studies including 2.8 million 

participants has shown that individuals with BMI > 30kg/m2 had a 48% increased risk of 
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vascular dementia (HR= 1.48, 95%CI: 1.10, 2.00) and a weight loss of more than 0.5% 

of initial body weight per year increases the risk of all-cause dementia by 28% (95%CI: 

1.15-1.42) (Lee, et.al, 2020).  

To further investigate the relation between the BMI range and cognitive decline, 

a 5-year cohort study assessed the relationship between adiposity and dementia in late-

life age in 1141 older adults with a mean age of 77.7 years. The BMI was classified as 

the following: low BMI (<24.9 kg/m2), moderate BMI (25.0- 29.9 kg/m2) and high BMI 

(>29.9 kg/m2). The results have shown that individuals with low BMI (< 20 kg/m2) had 

0.81 lower mean score of cognition (95% CI: -1.40, -0.22; p<0.01) at baseline and those 

with a high BMI (≥ 27.5 kg/m2) had a 0.3 lower functional rate (95%CI: -0.58, -0.01; 

p<0.05). Therefore, this study suggests that a BMI between 20-27.5 kg/m2 is effective in 

delaying cognitive decline in a late-life age (Michaud, T. L, et.al, 2018). This is further 

confirmed by another study that have found that individuals having a BMI of 23-24.9 

kg/m2 have a higher score of cognitive function and individuals at a late-life age having 

a BMI greater than 25 kg/m2 have a better cognitive score (p< 0.02) (Kim, G., et.al, 2020). 

Eventually, it is important to note that these BMI ranges are protective in older adults 

where a systematic review analysis of 39 cohort studies including 1.3 million participants 

followed up for approximately 20 years has shown that every 5 kg/m2 increase in BMI is 

associated with a 29% decrease in the risk of dementia when the follow-up was 10 years 

before the onset of dementia and there is 16% increase in the risk when the follow-up was 

greater than 20 years before the onset of dementia. Thus, it is assumed that a high BMI is 

protective at late age-life and not at mid age-life (Kivimäki, et.al, 2018). 

All in all, having a BMI at late-life age > 29 kg/m2 and BMI < 21 kg/m2 can exert an 

adverse effect on cognition (Qu, Y., et.al, 2020).    

 

1.4: Alcohol and cognition 
 

Several studies have shown that moderate alcohol consumption has several 

benefits on the health like decreasing risk of cardiovascular disease and decreasing risk 

of mortality (Mostofsky, E., et.al, 2016 & O'Keefe, E. L., et.al, 2018). Interestingly, the 
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Mediterranean diet is one of the dietary patterns that emphasize the moderate intake of 

alcohol because it was proven to be associated with better health outcomes (Giacosa, A., 

et.al, 2016). In addition to its previously mentioned benefits, studies have shown that 

moderate alcohol consumption is a modifiable risk factor that contributes to the decrease 

in the risk of cognitive decline (Zhang, R.,et.al, 2020).  For instance, a prospective cohort 

study of 3069 participants enrolled in the Ginkgo Evaluation of Memory Study which 

was a randomized, double-blind, placebo-controlled clinical trial conducted from 2000 to 

2008 evaluating the association between Ginkgo biloba and the prevention of dementia 

in older adults provided an extraordinary resource for investigating alcohol intake in 

association with subsequent risk of dementia because of its robust dedication of resources 

to detecting subtle incident neurocognitive changes. This secondary analysis observed 

that healthy individuals aged 72 years old or more who consumed 1 alcoholic drink or 

less per week or who consumed nothing had less cognitive decline than individuals who 

consumed greater than 14 drinks per week followed for 8 years, where 1 alcoholic drink 

was equivalent to 12-oz cans or bottles of beer, 6-oz glasses of wine, and 1.5-oz shots of 

liquor consumed on each occasion (Koch, M., et.al, 2019). This result is confirmed by a 

systematic review analysis that included 18 cohort studies, 10 of which assessed the dose-

response relationship between alcohol consumption and cognition. This study observed 

that women consuming less than 14.4 g/day and men consuming less than 19.4 g/day had 

a better cognition when compared to non-drinkers (standardized mean difference: SMD= 

0.18, 95%CI: 0.02-0.34; SMD= 0.05, 95%CI: 0.00-0.1 respectively) (Brennan, et.al, 

2020). Thus, excessive alcohol drinking is a risk factor of cognitive decline (Koch, M., 

et.al, 2019).   

Other studies have shown that moderate alcohol consumption can be protective 

against cognitive decline at a late-life age (Devere, R., 2016). In fact, a recent study with 

19,887 participants was performed to assess the relationship between light to moderate 

alcohol consumption and cognitive decline. Participants (60.1% women) had a mean age 

of 61.8 years and were followed up for 9.1 years. The authors observed that light to 

moderate alcohol consumers (8- 15 drinks/week) had a lower cognitive decline (OR= 

0.66; 95%CI: 0.59-0.74) when compared to nondrinkers (Zhang, et.al, 2020). These 

results are in line with a cross-sectional study done on 1624 participants from the Rancho 
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Bernardo Study with a mean age of 73.2 years in Southern California. This study has 

shown that there is a U-shape association between alcohol consumption and cognitive 

decline. Those who had moderate consumption of alcohol (< 1 drink/day for women and 

< 2 drinks/day for men) had better cognitive performance than non-drinkers and excessive 

drinkers (>3 per day for women; >4 drinks for men) (Reas, E. T. et.al, 2016).  

  In addition, other studies have proposed that non-drinkers are at a higher risk of 

cognitive decline compared to moderate drinkers (Koch, M., et.al, 2020 & Anstey, K. J. 

et.al, 2018). A 3-year follow-up cohort study examined the relationship between alcohol 

consumption and cognitive decline between men and women among 486 participants 

(65.4% women) aged 70 years or more from two longitudinal studies (The Intelligent 

Systems for Assessing Aging Changes; ISAAC study & The Oregon Brain Aging Study; 

OBAS study). The results have shown that moderate alcohol women drinkers (≤ 3 

drinks/day) had a lower rate of decline in logical memory delayed test (P<0.001) and 

moderate alcohol men drinkers (≤ 4 drinks/day) had a lower rate of cognitive decline in 

both the mini-mental State Examination (MMSE) and Clinical dementia rating (CDR) 

compared to those who never or rarely drink (Wardzala, C., et.al, 2018). In conclusion, 

moderate alcohol consumption contributes to a delay in cognitive decline in older adults 

(Rehm, J., et.al, 2019).    

 

1.5: Physical activity and cognition 
 

Several studies have shown a positive relation between performing physical 

activity and delay in cognitive decline in older adults (Lee, Y., et.al, 2015 & 

Lautenschlager, et.al, 2019). Also, others have shown that integrating physical activity 

within the early development of the disease can be effective in delaying disease prognosis 

(Phillips, C., et.al, 2015). To examine the association between the type of physical activity 

and cognition, a meta-analysis of 18 randomized controlled trials has shown a positive 

effect of physical activity in older aged patients with dementia when combining both 

aerobic and non-aerobic exercises (standardized mean difference between Tstart & Tend 

0.59; 95%CI: 0.32-0.86; p<0.01) and when having aerobic-exercise only (SMD= 0.41; 

95%CI: 0.05-0.76; p<0.05), while  no effect was observed with non-aerobic exercise 
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(SMD= -0.1; 95%CI: 0.38- 0.19; p=0.51) (Groot, C., et.al, 2016). Therefore, aerobic 

exercise has the greatest ability to improve cognition (Büla, C., 2016).    

Other studies have examined   the relation between the time of physical activity 

performance and cognitive decline. For instance, a cross-sectional study performed on 

1,390 participants aged between 67.7-78.7 years has shown that participants performing 

moderate (48-248 min/day) and high (>248 min/day; including both activities are work 

and in free time) levels of exercise had a lower risk of cognitive impairment (OR=0.57, 

95%CI:0.33-0.82 and OR=0.58, 95%CI:0.32-0.83, respectively) when compared to 

participants performing low levels of exercise (<48 min/day) (Poblete-Valderrama, et.al, 

2019). Furthermore, a meta-analysis including 23,345 participants followed-up for 3.9 to 

31 years with an age between 70 to 80 years has shown that older adults performing 

greater than or equal to 150 minutes/week of moderate to vigorous physical activity had 

a 40% lower risk of developing Alzheimer’s disease (OR= 0.6, 95%CI: 0.51-0.71; 

p<0.001) compared to those who are inactive performing less than 150 min/week of 

moderate-vigorous physical activity (Santos-Lozano, A., et.al, 2016).Thus, as the level 

of physical activity increases the cognitive decline risk decreases (Hamer, M. et.al, 2018). 

In addition, a meta-analysis of 45 prospective studies included 117410 individuals has 

shown that high performance of physical activity, defined as having daily or 2-3 times 

per week of 20-30 minutes of exercise, is effective in reducing the risk of Alzheimer's 

disease (HR=0.79; 95%CI: 0.69-0.88) compared to all cause-dementia (HR=0.62; 

95%CI: 0.49-0.75) (Guure, C. B., et.al, 2017).   

Some studies have assessed physical activity using the metabolic equivalent task 

(METs). For instance, a cross-sectional study was done on 511 Japanese older adults from 

the NEIGE Study aged between 65 to 84 years to assess the relation between cognitive 

decline and being physically active in comparison to sedentary behaviors. The results 

have shown that performing moderate-vigorous activity (≥3.0 METs) decreases the risk 

of cognitive decline by 43% (OR= 0.57, 95%CI: 0.33-0.96); nevertheless, there was no 

significant association for sedentary behaviors (≤1.5 METs; OR: 0.96, 95%CI: 0.38-2.39) 

and light physical activity (1.6–2.9 METs, OR= 1.84, 95%CI: 0.58- 6.18) (Amagasa, S., 

et.al, 2019). Moreover, a 5-year prospective study   observed that individuals performing 

high levels of physical activity defined as greater than or equal to 10.5 METs/week had 
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a reduced risk of dementia (HR= 0.62, 95%CI: 0.44-0.89) compared to individuals 

performing low physical activity (less than 10.5 METs/week) among 1,648 community-

dwelling older adults with a mean age of 71.5 years old (45.5% males) (Wu, W., et.al, 

2020). All in all, performing moderate-vigorous physical activity or reaching a high level 

of metabolic equivalent task is considered a beneficial strategy to reduce cognitive 

decline in older adults (Zhao, et.al, 2020, Zhu, W., et.al, 2017 & Loprinzi, P. D., et.al, 

2018).   

 

1.6: Smoking and cognition 
 

The harmful effects of smoking on general health are well established. It increases 

the risk of several chronic diseases including cancer, hypertension, and cardiovascular 

diseases (CDC, 2020). Smoking is also considered a predictor factor of cognitive decline 

(Waisman Campos, et.al, 2016). For example, it was observed, that among 5,705 

participants with a mean age of 63.9 years and followed up for 5.5 years,  current smokers 

scored less on general mental ability test scores when compared to never smokers (the 

difference between currents and never smokers= -0.06; 95%CI: -0.1;-0.01) while no 

significant difference was observed between former and never smokers (the difference 

between former smokers and never smokers= 0.02; 0.02, 95%CI: -0.01-0.06  

(Wingbermühle, R., et.al, 2017). These results are in line with a 4-year longitudinal study 

done on 1,351 participants aged between 65 to 95 years recruited from National Health 

and Aging Trend Study (NHATS). Non-smokers had 13% decreased risk of impaired 

executive functioning (OR= 0.87, 95%CI: 0.75-0.99; p<0.05) while no significant 

association was shown when comparing this effect between former and current smokers 

(P=0.637) (Amini, R., et.al, 2020). Thus, non-smokers (never and former stopping for at 

least 10 years) are at a lower cognitive decline risk than current smokers (Durazzo, T. C., 

et.al, 2018).  

In addition, other studies have assessed the relation between former smokers and 

the number of years of cessation on cognitive decline (Choi, D. et.al, 2018 & Zhong, G., 

et.al, 2015). In a study that included 13,002 American participants (25% African 

Americans) with a mean age of 63 years, it was observed that current smokers had an 
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increased risk of all-cause dementia by 33% (95%CI: 1.12-1.59) and participants quitting 

smoking for less than 9 years had an increased the risk by 24% (95%CI: 1.01-1.52). 

Nevertheless, there was no significant increase in the risk in individuals who quit smoking 

for 9 years or more (HR=1.00, 95%CI: 0.88-1.14) compared with participants who never 

smoked. These results demonstrate that quitting smoking at mid-life might decrease the 

risk of dementia (Deal, et.al, 2020). Moreover, a cross-sectional study performed on 239 

participants aged 60 years or more has shown that current smokers had a higher risk of 

mild cognitive impairment compared to non-smokers (OR= 3.042, 95%CI: 1.456-6.356) 

and to ex-smokers (OR= 2.628, 95% CI: 1.106-6.245). Also, individuals who had quit 

smoking for 21 years had a lower risk of MCI compared to those who had quit smoking 

for less than 10 years (OR= 0.236, 95%CI: 0.079-0.707) (Hu, M., et.al, 2019).  

All in all, older adults who are current smokers are at a higher risk of having 

accelerated cognitive decline and former smokers may be at a lower risk of this decline; 

nevertheless, this association depends on the number of years of smoking cessation 

(Durazzo, T. C., et.al, 2015 & Amini, R., et.al, 2020). Therefore, older adults are advised 

to stop smoking to decrease their risk of cognitive decline. 

 

1.7: Multi-domain lifestyle interventions  
 

The adoption of a healthy lifestyle could contribute to a decrease in the risk several 

health outcomes and mortality while it can lead to improvement in physical health 

(Farhud, D. D. et.al, 2018) life expectancy (Li, Y., et.al, 2018) as well as cognitive health 

(Clare, L., et.al, 2017). Thus, adopting several healthy factors such as smoking cessation, 

being physically active, moderate alcohol consumption and having a healthy weight and 

diet is recommended to prevent or delay cognitive decline in older adults rather than 

focusing on every single factor alone (Dearborn-Tomazos, J. L., et.al, 2019).  Studies 

have shown that a multi-domain lifestyle intervention including cognitive practice, 

exercise, diet and vascular risk management is effective in improving cognition in healthy 

older adults (Ngandu, T, et. al, 2015). For instance, a randomized controlled trial 

performed on older adults at risk of dementia receiving interventional strategy composed 

of a healthy diet similar to a MeDi, physical activity, cognition and vascular management 
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had a decreased risk of dementia compared to a group receiving healthy advice 

(Rosenberg, A., et.al, 2018). Therefore, it is important to note that not only the MeDi is 

effective in improving cognitive function, but also multi-domain lifestyle intervention has 

a greater positive effect in improving cognitive function (Klímová, B., et.al, 2018). 

Moreover, a 3-year prospective study included 3,107 men and women aged between 55 

and 85 and assessed the effect of lifestyle factors which are alcohol consumption, 

smoking, BMI and physical activity on cognitive function. The results have shown that 

individuals who had a healthy BMI (20-29.9), moderate alcohol consumption, never 

smoked or quit smoking for more than 20 years and met the physical activity 

recommendations had a higher score of cognitive function (p<0.001), compared to 

participants that had met one or none of the above recommended healthy lifestyle factors 

(Visser, M., et.al, 2019). Similarly, a study has assessed the effect of healthy lifestyle 

factors including smoking, physical activity, BMI, alcohol consumption and type of diet 

on memory performance. The results showed that there is a positive effect of the 

composite healthy index with the memory score (p=0.004) and that the combined 

individual factors had a stronger relationship with the memory performance than the 

single ones (p< 0.05) (Flöel, et.al, 2008). Nevertheless, to the best of our knowledge, 

these are the two studies that had assessed the combination of lifestyle factors and 

cognitive health.   
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Chapter Two 
 

Aims and Hypothesis 
 

2.1: Problematic 
 

Despite the burden of cognitive decline among older adults, there are still several 

debates about the success of the treatment methods because most of the medications have 

been shown to have a limited benefit and efficacy (Hsu, W. Y., et.al, 2018). Moreover, a 

systematic review has demonstrated that medication management is a complex process 

that requires high cooperation and knowledge from the caregivers to support these 

patients (Lim, R. H., et.al, 2018). Besides, caregivers face difficult decision-making when 

dealing with these medications and families encounter a financial burden with these 

interventions (Parsons, C., et.al, 2019). Recently, the FDA approved a medication for the 

treatment of Alzheimer’s disease, but it might withdraw this approval in case it didn’t 

show a clinical benefit (American Hospital Association, 2021). Therefore, current 

research is focusing on studying the effect of non-pharmacological strategies on delaying 

cognitive decline thereby proposing new interventions that could benefit the aging 

population and reducing the financial burden on their families (Brayne, 2020 & NIA, 

2018). In fact, the Alzheimer’s disease association recommends following five different 

habits that help in decreasing the risk of cognitive decline which are the following: 

challenging your brain, enjoying social activity, following a healthy diet, be physically 

active and screening your heart (Alzheimer’s disease Association). Also, the WHO 

considered the investigation of the modifiable risk factors of dementia and it has set 

recommendations that are associated with a decrease in the risk of cognitive decline and 

dementia which are the following: be physically active, cease tobacco, follow the 

Mediterranean diet or a balanced healthy diet, reduce overdrinking, do cognitive training 

activities, and be socially active; in addition to managing non-communicable diseases and 

weight, depression and hearing problems (WHO, 2019). Although each of the 

aforementioned factors has been individually with cognitive decline risk, the synergistic 
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effect of their adoption simultaneously in a healthy lifestyle is still rarely studied 

(Dearborn-Tomazos, J. L., et.al, 2019). As it was mentioned before, Lebanon is one of 

the countries that has the highest rate of this disease and failing to control its prevalence 

might put our country at a high risk of cognitive impairment or dementia in the upcoming 

years. Moreover, we have the lowest measures of care and since our country is witnessing 

an economic crisis, the affordability of the health care will decrease. Therefore, it is of 

utmost importance to manage the negative consequences of cognitive decline by setting 

recommendations to prevent it at the first place. Thus, recommending a high adherence 

to a healthy lifestyle index is an effective measure towards the management of cognitive 

decline among the Lebanese older adults.   

 

2.2: Objectives and hypothesis 
 

Lebanon is one of the countries around the globe that is witnessing a shift in its 

demographics towards an aging population. This increase in the older adults’ population 

is associated with several consequences not only at an individual level, but also at a 

society level as well. Cognitive decline is one of the common geriatric diseases that occur 

normally through age. Nevertheless, it can be exacerbated causing a deterioration in the 

memory of the older adult and thus leading to the development of dementia or 

Alzheimer’s disease at an advanced stage. The risk of neurodegenerative disease can be 

delayed and managed well by the adoption of a healthy lifestyle. The several factors that 

contribute to a healthy lifestyle are: following a healthy diet, avoid smoking, consuming 

moderate alcohol amount, exercising and maintaining a healthy BMI. To our knowledge, 

studies assessing the correlation of the combination of these lifestyle factors are still 

scarce.        

Hence, the present study aimed to: 

1-  Describe the lifestyle behaviors among Lebanese older adults  

2- Examine the correlation between the combination of five healthy lifestyle factors: 

diet, smoking, alcohol consumption, BMI, and physical activity (healthy lifestyle 

index) and cognitive decline assessed by three different cognitive tools (RUDAS, 

IQCODE and 10/66 DRG) among Lebanese older adults.  
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We hypothesized that:  

1- A high adherence to a healthy lifestyle is correlated with a lower cognitive decline 

prevalence in community dwelling Lebanese older adults.  

Thus, this study would add value to the methods or actions being taken to prevent or delay 

cognitive decline in Lebanese older adults. This might also assist in approaching new 

recommendations related to dietary food intake, smoking, physical activity, alcohol 

consumption and BMI categories specialized to the Lebanese population.    
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Chapter Three 
 

Materials and methods  
 

3.1: Study design  
 

This study is based on secondary data analysis from a cross-sectional study done 

on Lebanese older adult participants aged 65 years old and above living in the capital city 

of Beirut and three other areas: Mount Lebanon, Aley and Shouf. This data includes 502 

participants that were randomly recruited based on multistage cluster sampling. Beirut 

area was divided into 594 clusters where 60 randomly clusters having a complete detailed 

household listing were selected. Then 7 clusters were randomly selected where the trained 

researchers approached the households systematically. And within the given household, 

the researchers invited all the 65 years and above older adults to participate. However, a 

simple random sample was used in Mount Lebanon Governorate where field workers 

knocked on each door to invite the eligible participants. The number of older adults 

chosen in each governorate was proportional to their respective size in the population 

(Phung, K. T., et.al, 2017). The study was approved by the Institutional Review Board at 

the American University of Beirut (Protocol Number: FHS.MC.19). The inclusion criteria 

were: ≥ 65 years old, able to understand Arabic and living independently at home, 

whereas the exclusion criteria were: older adults having severe neurological or psychiatric 

disorders, clinically detected dementia, unable to walk independently and safely, having 

a history of bilateral hip replacements, any event in the last year which had a substantial 

impact on dietary intake and cognitive function (death or illness of a family member) and 

currently diagnosed cancer patients.  

 

3.2: Cognition Assessment 
 

The Arabic version of the Rowland Universal Dementia Assessment Scale 

(RUDAS) and Arabic version of 10/66 Dementia Research Group (10/66 DRG) were 
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used to assess dementia and the Informant Questionnaire on Cognitive Decline in Elderly 

(IQCODE) was used to assess cognitive decline and impairment.  

 

3.2.1: RUDAS   

The Arabic version of RUDAS is validated and used for the screening of dementia 

in Arabic-speaking older adults’ population (Chaaya, M., et.al, 2016). It consists of 6-

items consisting of memory, body orientation, praxis, drawing, judgment, and language 

(Dementia Australia, 2017). The maximum score for each item is as the following: 8 

points for memory, 5 points for body orientation, 2 points for the praxis, 3 points for 

drawing, 4 points for judgment, and 8 points for language. The total score is out of 30 

and any participant scoring less than 22 is considered to have cognitive impairment 

(RUDAS administration and scoring guide). For the current analyses, the total score of 

RUDAS was dichotomized into those without cognitive decline (> 22) had a score of 0 

and those with cognitive decline (≤ 22) had a score of 1.  

 

3.2.2: 10/66 DRG  

The 10/66 DRG is a validated tool with high sensitivity and specificity used to 

detect dementia is in Arabic-speaking older adults. It consists of three items: the 

Consortium to Establish a Registry of Alzheimer’s disease’s (CERAD), Community 

Screening Instrument for Dementia (CSI'D) and the Geriatric Mental State (GMS). The 

CERAD is a validated questionnaire with a modified 10-word list task that generates an 

immediate word listing memory score with a total of 30 and a delayed recall test score 

with a total of 10 and an animal test naming to detect verbal fluency that is used as a part 

in the CSI’D score. The CSI’D is a validated tool that detects functional decline. It 

consists of two interviews: 32-item questions asked to the participant marked as 

COGSCORE and 26-items asked to the informant marked as RELSCORE. The score of 

each interview is recorded and then a weighted score combining both the participant and 

the informant is indicated (DFSCORE) (Darwish, H., et. al, 2018). In addition to that, the 

GMS survey is used to detect the mental health status of older adults. It is a widely used 

survey that is valid by different populations, reliable and accessible to trained 

professionals. The questions are categorized into 8 clusters which are: organicity, 
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schizophrenia, paranoia, mania, depression, and hypochondriasis, phobias, obsessional 

and anxiety neurosis. These clusters are given a score that ranges from 0 (no symptom) 

to 5 (very severe) where a level of 3 and more represents a high level of severity. Then 

the participants will be diagnosed as having an organic disorder, depression, or anxiety 

(Copeland, J. R., et.al, 2002).  

 

3.2.3: IQCODE 

IQCODE is a validated questionnaire that aims to collect information about older 

adults from their informants or caregivers. It assesses individuals who are at risk of 

developing dementia and it is often dependent on the attitude of the informants and their 

relation with the older adult (Harrison, J. K., et.al, 2016). The Arabic version of IQCODE 

is a validated questionnaire that is used to screen for dementia in Arabic speaking older 

adult population having a high illiteracy rate. It includes 16 questions asked to the 

informant who has been in contact with the participant for at least 10 years and can trace 

a change in their cognition for at least a one-year period. It consists of a likert scale that 

ranges from 1 (much improved) to 5 (much worse) and 3 representing no change. The 

IQCODE was dichotomized following a cut-off point of is 3.34 where scores above 3.34 

indicate cognitive impairment (Darwish, H., et.al, 2018).  

 

 3.3: Healthy Lifestyle factors 
 

3.3.1: Healthy Lifestyle Index Score 

A healthy lifestyle index was created by the combination of diet, BMI, alcohol 

consumption, physical activity, and smoking. Individual lifestyle factors were divided 

into quintiles following McKenzie, F., et.al, 2015 and Flöel, et.al, 2008 and each quintile 

was given a score between 0 and 4 where 0 is considered as the unhealthiest and 4 as the 

most healthy. The scores of the five factors were added together to get a health score 

ranging between 0-20 points. These health scores were categorized into 4 quartiles: 1st 

quartile (≤ 5points), 2nd quartile (6-10 points), 3rd quartile (11-15 points) and 4rth quartile 

(≥ 16 points) following the methods of McKenzie, F., et.al, 2015 and Flöel, et.al, 2008. 

In addition, we categorized the healthy lifestyle index score statistically into quartiles and 
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we obtained the following ranges: 1st quartile (0-8 points), 2nd quartile (8-10 points), 3rd 

quartile (10-12 points) and 4rth quartile (>12 points). In order to compare the least 

adherent to the most adherent to the healthy lifestyle index, we combined the second and 

third quartiles together and therefore had 3 categories: Lowest adherence: Q1 (0-8 points), 

medium adherence: Q2-Q3 (8-11 points) and highest adherence: Q4 (≥12 points).   

 

3.3.2: Smoking  

The data about smoking was collected via questions that included:   

- If the participants have smoked at any period in their life  

- The age of the participants when they first started and stopped smoking (if 

applicable) 

- The number of cigarettes, hookah or cigars smoked every day 

The cut-off points for smoking cigarettes were based on McKenzie, et.al, 2015 and the 

cut-off points for smoking Hookah were based on a systematic review published in 2015 

that has shown that 1 hookah is equivalent to smoking 100 cigarettes (Munshi, et.al, 

2015). Therefore, a score of 4 was given to individuals who "never smoked”, individuals 

who quit smoking >10 years were given a score of 3, and a score of 2 was given to ex-

smokers who quit less than or equal to 10 years, a score of 1 for current smokers of less 

than or equal to 15 cigarettes/day, and score of 0 for greater than 15 cigarettes/day or 1 

hookah/day. There are two participants who smoked equal or more than 20 cigars per day 

and since the consumption of 1 cigar is considered as an average consumption of 2 

cigarettes and since the amount of nicotine is higher in cigars compared to cigarettes, so 

these participants were given a score of 0 (PIH, 2020 & CDC, 2020).  
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3.3.5: Body Mass Index (BMI)  

BMI score: The BMI was based on measured height and weight (to the nearest 

0.1 kg). The BMI was calculated by dividing weight in kilograms by the height in meter 

squared.  

Several studies has proposed new cut-off points for the assessment of BMI in older adults 

(Silveira, E. A.,et.al, 2020 & Estrella-Castillo, D. F.,et.al, 2019) . Interestingly, a study 

done in Mexico has studied the sensitivity of the BMI cut-off points for older adults 

recommended by “The United States National Research Council Committee on Diet and 

Health” (CDH) on cognitive function and other outcomes. The suggested BMI cut-off 

points are the following: underweight < 24 kg/m2; normal 24 – 29 kg/m2; overweight 

> 29 kg/m2. These results were similar to the cut-off points that are set by the WHO which 

are <18 kg/m2 categorized as underweight; 18.9-24.9 kg/m2 for normal weight; 25.9-29.9 

kg/m2 for overweight and > 30 kg/m2 for obese. It was shown that the recommendations 

set by the CDH were more sensitive on the cognitive decline outcome than those 

recommended by the WHO (Estrella-Castillo, D. F.,et.al, 2019). Moreover, other studies 

have studied this association. For instance, a study has shown that older adults that have 

a low BMI (less than 20 kg/m2), have an acceleration in cognitive decline (Arvanitakis, 

Z., et.al, 2018). Moreover, studies have shown that being overweight is favorable since it 

is protective against cognitive decline (Kim, G., et.al, 2020). According to the World 

Health Organization, the recommendation of a normal BMI of older adults is a range 

between 25-27 kg/m2, so the cut-off points that were used in our study were based on the 

above studies. The BMI categories were divided as the following: 25- 29.9 being the 

healthiest = 4, 23–24.9= 3, 20-22.9= 2, greater than 30= 1 and less than 20 = 0 being the 

unhealthiest.  
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Table 1: Scores for the most healthy (2) to least healthy (0) for each food group based 

on the number of the servings:  

Frequency of 

consuming 

food  

 

Score 

for 

meat 

Score 

for 

poultry 

Score 

for fish 

& oily 

fish 

The 

score 

for nuts 

The score 

for dairy 

products 

Fruits Vegetables 

Below the 

recommended 
0 0 0 0 0 0 0 

As 

recommended  
2 2 2 1 1 1 1 

Above the 

recommended  
1 1 1 2 2 2 2 

 

 

3.4: Confounding variables  
 

Moreover, general questions were asked about age, gender (female/male), 

marital status (never married; married; widowed or divorced/separated), chronic diseases 

(number of chronic diseases), level of education (doesn’t read or write; read or writes, 

primary, or intermediate school; technical school, secondary or university degree), if you 

take any medications (yes or no). These questions were assessed via one direct question 

except for one confounding variable which is the “social activity” and it was evaluated as 

the following. The social activity was divided into 3 categories: social integration, social 

network size and social network function. The social integration was evaluated using two 

questions: whether they attend religious group or social group meetings (no; yes 

occasionally; yes regularly). Social network size was assessed by several questions: how 

far does your nearest sibling lives, number of children, friends, and neighbors you have 

and marital status and then they were added up together and divided into 3 quartiles. The 

social network function was assessed by asking how often do you meet or communicate 

with friends, family and neighbors (never; everyday; 2-3 times/week; once a week or less; 
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2-3 times/month; once a month or less) and then they were added up together and re-

categorized into low, medium or a high frequency. Finally, a total score of the 3 variables 

was computed (Darwish, H., et.al, 2018). In addition, depression was assessed according 

to the Geriatric Mental State survey (GMS) that was explained in detail in the cognitive 

assessment part.  These variables are considered as confounding variables based on the 

literature assessing the relationship between healthy lifestyle factors and cognitive status 

(Visser, M., et.al, 2019 and Flöel, 2008).   
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Chapter Four  
 

Statistical analysis  
 

Descriptive statistics were assigned by mean for continuous variables and 

percentage frequencies for categorical variables and by the assistance of cross-

tabulations. The dependent variable is the cognitive status assessed by the RUDAS, 

IQCODE and 10/66 DRG and the independent variable is the HLI composed of the 

following 5 variables: diet, BMI, alcohol, physical activity, and smoking. The HLI was 

categorized into quartiles based on the literature (McKenzie, F., et.al, 2015). The 

dependent variable was dichotomized into no cognitive decline (0) and yes (1) for each 

of RUDAS and IQCODE and no dementia (0) and yes (1) for 10/66 DRG assessment 

method. We used several tests to assess the demographic, clinical and lifestyle 

characteristics, and cognitive status of the participants; for the categorical variables we 

used the chi-square test and for the continuous variables we ran the independent-t test for 

the normally distributed variables and the Mann Whitney for the variables that have a 

skewed distribution. In addition, we assessed the relation between the aforementioned 

characteristics against the HLI, so we used the chi-square for the categorical variables 

and the Kruskal Wallis for the continuous variables. Also, the association of cognitive 

status with HLI was stratified by gender. Moreover, logistic regressions were performed 

to assess the relationship between adherence to a healthy lifestyle and cognitive status 

while adjusting for the confounding variables. These variables were chosen based on the 

literature using two models. Model 1 was adjusted for gender, age, marital status and 

education and model 2 additionally adjusted for medications, number of chronic diseases, 

depression, and social activity.    
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4.1: Sensitivity Analysis 
 

As a sensitivity analysis, we further categorized the HLI into quartiles. Since we 

had a low number of participants in quartiles 1 (n=22) and 4 (n=11) and to further support 

our results, we divided the score of the healthy lifestyle index based on statistical quartile 

distribution. At first, the quartiles were statistically divided as the following: Q1 [0 to 7 

points], Q2 [8 to 10 points], Q3 [10 to 12 points] and Q4 [>12 points], but then we 

combined the second and third quartiles together in order to compare the least adherent 

to the most adherent to the healthy lifestyle index. Therefore, we had 3 categories: Lowest 

adherence: Q1 [0-8 points], medium adherence: Q2-Q3 [8-11 points] and highest 

adherence: Q4 [≥12 points]. SPSS software version 26 was used for statistical analysis 

with a confidence interval of 95% and a significance level of p<0.05.   
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5.2: Participant’s Characteristics based on Gender 
 

5.2.1: Socio-demographic characteristics  
 

Table 1 shows the socio-demographic characteristics of the participants stratified 

by gender. Among the 432 participants, 56.7% (n=245) were females and the mean age 

of the whole sample was 72.45 (±7.23) years with no significant difference between 

genders. More than half of the participants were married (61.4%) and had reached a 

preprimary or intermediate education (56.5%). Nevertheless, there was a significant 

difference in these characteristics between females and males. Females were less 

educated (59.2% pre-primary-intermediate, p<0.0001) and less likely to be married 

(41.2%, p<0.0001).    

Table 1 Socio-demographic characteristics of the whole sample of Lebanese 

community dwelling older adults and stratified by gender (n=432) 

Covariates   Whole Sample  
 N = 432  

Females 
N= 245 

Males 
N= 187 

P-value c 
 

Gender (n females, %) 245  245 (56.7%) 0  

Age (mean ±SD) a  72.45 (±7.23) 72.19 (±7.43) 72.79 (±6.96) 0.092 

Marital Status N (%) b     0.000 
           Never Married 17 (3.9%) 14  (5.7%) 3        (1.6%)  

           Married 266 (61.4%) 101 (41.2%) 164   (87.7%)  

           Widowed           144 (33.3%) 126   (51.4%) 18      (9.6%)  

           Divorced/Separated 6 (1.4%) 4     (1.6%) 2        (1.1%)  

Education N (%)b     0.000  

None 79 (18.3%) 59 (24.1%) 20 (10.7%)  
Pre-primary-intermediate 244 (56.5%) 145 (59.2%) 99 (52.9%)  

Secondary 81 (18.8%) 31 (12.7%) 50 (26.7%)  

University/vocational training 28 (6.5%) 10 (4.1%) 18 (9.6%)   
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* All data are presented as n (%) except for age where mean (±SD) was presented. 

Differences between males and females tested by:  a Mann-Whitney test; b Chi-square, 

and c significance level at <0.05.   

5.2.2: Lifestyle and clinical characteristics  
    

Clinical, social and HLI characteristics are presented in Table 2.  Although there 

was no significant difference in the number of chronic diseases between genders, the 

proportion of females who were diagnosed with hypertension (n=139, 56.7%) and 

diabetes (n=90, 36.7%) was significantly higher than that of males (n=84, 44.9%; 

p=0.015 and n=46, 24.6%; p=0.007 for hypertension and diabetes, respectively). 

Moreover, a higher percentage of females were depressed (15.1% vs 4.8% for males; 

p=0.001) and took medications (78% vs. 64.7% for males; p=0.002) and scored less on 

the HLI score (mean score 9.39 ±2.91vs. 10.13 ±2.80 for males; p=0.007). In addition, 

females were less socially active than males (low social activity n= 76 (31%) for females 

vs. n=38 (20.3%) for males; p=0.006) and they were less likely to consume alcohol 

(0.155±0.56 drinks/d for females vs. 0.54±0.98 drinks/d for males; p<0.0001), perform 

physical activity (128.7 ±280.67 for females vs. 296.92±462.25 for males, p=0.000) and 

smoke (n never smoked=170; 69.4% for females vs. 49.7% for males, p<0.0001).  
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Table 2 Clinical & lifestyle characteristics for the whole sample and stratified by gender  

Covariates   Whole Sample 

N = 432 

 

Females 

N= 245 

Males 

N= 187 

P-valued 

 

N chronic diseases (mean ±SD)a    1.09 (±1.03) 1.16 (±1.03) 1.00 (±1.04) 0.068 

Hypertension (yes, n%) b  223 (51.6%) 139 (56.7%) 84 (44.9%) 0.015 
Diabetes (yes, n, %)b  136 (31.5%) 90 (36.7%) 46 (24.6%) 0.007 
Stroke (yes, n, %) b   21 (4.8%) 11 (4.5%) 10 (5.3%) 0.681 

Heart Trouble (yes, n, %)b  92 (21.3%) 45 (18.4%) 47 (25.1%) 0.089 

Depression (yes, n, %)b   46 (10.6%) 37 (15.1%) 9 (4.8%) 0.001 

Medications (yes, n, %)  b  312 (72.2%) 191 (78%) 121 (64.7%) 0.002 

Diet Score (mean ±SD) a  (n=427) 4.54 (±2.66) 4.48 (±2.66) 4.61(±2.67) 0.498 

Body Mass Index  (mean ±SD) a    28.28 (±4.24) 28.69 (±4.92)  27.72 (±3.07) 0.186 

Alcohol drinks (mean ±SD) a   0.32 (±0.79)  0.155 (±0.56)  0.54 (±0.98) 0.000 

PA (METs) (mean ±SD) a  201.52 (±379.17) 128.7 (±280.67)  296.92 (±462.25) 0.000 

 Smoking (n, %)b      0.000 

Current smokers >15 cigarettes/day or 1 

hookah/day 
83 (19.2%) 30 (12.2%) 53 (28.3%)  

Current smokers: < 15 cigarettes/day 34 (7.9%) 18 (7.3%) 16 (8.6%)  
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* All data are presented as n (%) except for chronic diseases where mean (±SD) were presented and the healthy lifestyle index and social 

activity where presented as n (%) and mean (±SD).  Differences between males and females tested by:  a Mann-Whitney test; b Chi-

square, and c Independent-test; d significance level at <0.05   

Ex-smokers: Quit ≤ 10 years 15 (3.5%) 6 (2.4%) 9 (4.8%)  

Ex-smokers: Quit smoking >10 years 37 (8.6%) 21 (8.6%) 16 (8.6%)  

Never smoked 263 (60.9%) 170 (69.4%) 93 (49.7%)  

Healthy Lifestyle Index (mean ±SD)c 9.71 (2.88) 9.39 (2.91) 10.13 (2.80) 0.008 

Healthy Lifestyle Index N (%) b     0.007 
            1st category (0 – 5 points) 22 (7.9%) 13 (5.3%) 9 (4.8%)  

            2nd category (6 – 10 points) 222 (51.4%) 143 (58.4%) 79 (45.7%)  

            3rd category (11 – 15 points) 177 (41.0%) 84 (34.3%) 93 (49.0%)  

            4rth category (16-20 points)  11 (2.5%) 5 (2.0%) 6 (3.2%)  

Social Activity (mean ±SD) a   20.62 (± 5.67) 20.79 (± 6.48) 20.39 (± 4.39) 0.64 

Social Activity  (n, %)b     0.006 
           Low  114 (26.4%) 76 (31.0%) 38 (20.3%)  
           Medium 118 (27.3%) 54 (22.0%) 64 (34.2%)  

           High  200 (46.3%) 115 (46.9%) 85 (45.5%)  
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5.2.3: Cognitive Status   
 

The prevalence of cognitive decline in our sample is shown in Table 3. Among 

the 432 participants, one third of our sample had cognitive decline (n=167, 38.4%) as 

shown by RUDAS and only 62 (14.4%) were diagnosed with cognitive impairment as 

shown by IQCODE. In addition, a small number of participants were diagnosed with 

dementia (n=29, 6.7%) as indicated by 10/66DRG. When comparing cognitive status by 

gender, we observed that females had a significantly higher prevalence of cognitive 

decline than males as indicated by the three different cognitive assessment tools RUDAS 

(44.9% vs. 29.9% for males, p= 0.002), IQCODE (19.2% vs. 8% for males, p=0.001) and 

10/66 DRG (9.8% vs. 2.7% for males, p=0.003).  

 

Table 3 Cognitive status for the whole sample of Lebanese community dwelling older 
adults and stratified by gender  

Cognitive decline measurement Whole Sample  
 N = 432 

Females 
N= 245 

Males 
N= 187 

P-value c 

 RUDAS 
      Mean (±SD)a 23.04 (± 4.14) 22.41 (± 4.33) 23.86 (± 3.73) 0.000 

      Cognitive decline (n, %)b 167 (38.4%)  110 (44.9%) 56 (29.9%) 0.002 

 IQCODE 
     Mean (±SD)a 3.16 (± 0.37) 3.22 (± 0.39) 3.09 (± 0.31) 0.000 

    Cognitive impairment (n, 
%)b 

62 (14.4%) 47 (19.2%) 15 (8%) 0.001 

 10/66 DRG 

     Dementia (n, %)b 29 (6.7%) 24 (9.8%)  5 (2.7%) 0.003 

   

* All data are presented as n (%) and mean (±SD) except for dementia presented as n (%). 

Differences between males and females tested by: a Mann-Whitney test, b Chi-square, and 
c significance level at <0.05. RUDAS: Rowland universal dementia assessment scale; 

IQCODE: Informant questionnaire on cognitive decline in the elderly; 10/66 DRG: 

dementia research group  
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5.3: Participants’ characteristics based on their cognitive status 
 

5.3.1: Socio-demographic, lifestyle, and clinical characteristics  
 

Participants who were cognitively declined were more likely to be females (n= 

110, 66.3% vs n=56, 33.7%; p=0.002), older (73.92±8.09 vs 71.53±6.47; p=0.002), and 

less likely to have a high educational level (university/vocational training: n=4, 2.4% vs 

n=24, 9%; p=0.008) compared to those who were cognitively intact. Moreover, older 

adults with cognitive decline had a higher prevalence of diabetes (n=66, 39.8%, p=0.004), 

were less socially active (n=19.8±6.07, p=0.02), were less likely to drink alcohol (mean 

score 0.21±0.64, p=0.019), perform physical activity (mean score 88.85±189.35, 

p<0.0001) and consume a healthier diet (mean score 3.32±2.18, p<0.0001) and more 

likely to never smoke n=110, 66.3%, p=0.021). In addition, the proportion of participants 

who were taking medications were greater in the cognitively impaired group (n= 130, 

78.3%) compared to the cognitively intact one (n= 182, 68.4%; p=0.027). All other 

characteristics were not significantly different between both groups and their results are 

presented in tables 4 and 5.  
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Table 4 Bivariate association between demographic characteristics of participants and 

cognitive decline 

 
 

* All data are presented as n (%) except for age it is presented as mean (±SD). Differences 

between cognitive decline vs. non-cognitive decline characteristics tested by: aChi-

square, b Mann-Whitney test, and c significance level at <0.05.  

 

 Total Sample 

N = 432 

Cognitive decline 

N= 166 

No cognitive decline 

N= 266 

P-value c 

Gender (n,%)a    0.002 

          Female   245 (56.7%) 110 (66.3%) 135 (50.8%)  

          Male  187 (43.3%) 56 (33.7%) 131 (49.2%)  

Age  Mean (±SD)b  72.45 (±7.23) 73.92 (± 8.09) 71.53 (± 6.47) 0.002 

Marital Status  (n, %)a    0.508 

Never Married 17 (3.9%) 5 (3%) 12 (4.5%)  

Married 265 (61.3%) 97 (58.4%) 168 (63.2%)  

Widowed 144 (33.3%) 62 (37.3%) 82 (30.8%)  

Divorced/Separated 6 (1.4%) 2 (1.2%) 4 (1.5%)  

Education  (n, %)a     0.008 

None 79 (18.3%) 29 (17.5%) 50 (18.8%)  

Pre-primary-intermediate 244 (56.5%) 107 (64.5%) 137 (51.5%)  

Secondary 81 (18.8%) 26 (15.7%) 55 (20.7%)  

University/vocational 
training 

28 (6.5%) 4 (2.4%) 24 (9%)  
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Table 5 Bivariate association between lifestyle & clinical characteristics of participants 

and cognitive decline 

 Total Sample 

N = 432 

Cognitive decline 

N= 166 

No cognitive 

decline 

N= 266 

P-value 
c 

Number of chronic 
diseases, (mean ±SD)a   

1.09 (±1.03) 1.19 (±1.10) 1.03 (±0.98) 0.203 

Hypertension (yes, n, 
%)b  

223 (51.6%) 92 (55.4%) 131 (49.2%) 0.235 

Diabetes (yes, n, %)b  136 (31.5%) 66 (39.8%) 70 (26.3%) 0.004 

Stroke (yes, n, %)b  21 (4.9%) 6 (3.6%) 15 (5.6%) 0.37 

Heart Trouble (yes, n, 
%)b   

92 (21.3%) 33 (19.9%) 59 (22.2%) 0.63 

Depression (yes, n, 
%)a 

46 (10.6%) 20 (12%) 26 (9.8%)  0.522 

Medications (yes, n, 
%)a  

312 (72.2%) 130 (78.3%) 182 (68.4%) 0.027 

Social Activity  (mean 
±SD)b 

20.62 (±5.67) 19.8 (±6.07) 21.1 (±5.36)  0.02 

Social Activity (n, %)a     0.015 

           Low 114 (26.4%) 54 (32.5%) 60 (22.6%)  

           Medium 118 (27.3%) 49 (29.5%) 69 (25.9%)  

           High  200 (46.3%) 63 (38%) 137 (51.5%)  

Diet Score Mean 
(±SD)  

4.53 (±2.67) 3.32 (±2.18) 5.29 (±2.66) 0.000 

Body Mass Index  
(mean ±SD)b  

28.28 (±4.24) 28.3 (±4.24) 28.18 (±3.97) 0.71 

Alcohol drinks (mean  
±SD)b  

0.32 (±0.79) 0.21 (±0.64) 0.39 (±0.87) 0.019 

PA (METs) (mean 
±SD)  

201.52 

(±379.2) 

88.85 (±189.35) 271.83 (±445.64) 0.000 

 Smoking (n, %)     0.021 
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Current smokers >15 
cigarettes/day or 1 

hookah/day 

83 (19.2%) 21 (12.7%) 62 (23.3%)  

Current smokers: < 15 
cigarettes/day 

34 (7.9%) 14 (8.4%) 20 (7.5%)  

Ex-smokers: Quit ≤ 10 
years 

15 (3.5%) 3 (1.8%) 12 (4.5%)  

Ex-smokers: Quit 
smoking >10 years 

37 (8.6%) 18 (10.8%) 19 (7.1%)  

Never smoked 263 (60.9%) 110 (66.3%) 153 (57.5%)  

 

*All data are presented as n (%) and mean (±SD) except for chronic diseases, diet, BMI, 

alcohol and physical activity presented as mean (± SD). Social activity was presented as 

n (%) and mean (±SD). Differences between cognitive decline and non-cognitive decline 

characteristics tested by: a Mann-Whitney test, b Chi-square, and c significance level at 

<0.05.  
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5.4: Bivariate association based on 4 categories 
 

5.4.1: Bivariate association between characteristics of participants and healthy 
lifestyle index 
 

Differences in socio-demographic characteristics based on the different categories 

of the HLI are presented in Table 6. Participants in categories 2 and 3 had the highest 

mean age (72.18±6.97 & 73.38±7.65 respectively, p= 0.012) compared to categories 1 

and 4 (68.5±3.78 & 70.64±7.95 respectively). There was no significant difference 

between marital status (p=0.068) and the HLI categories. Gender and education were 

significantly different among the categories of HLI adherence. Participants in the first 

and second categories of the HLI adherence were more likely to be females (59.1% & 

64.4% respectively) compare to those in the third and fourth categories (47.5% and 

45.5%, respectively; p=0.007). Furthermore, those in the first and the second categories 

had lower educational level where 86.3% and 80.6% of the participants reached 

intermediate level or lower compared to 67.8% and 54% reaching the same level in the 

third and fourth categories of HLI adherence, respectively (p=0.004) (Table 6). 
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Table 6 Socio-demographic characteristics of the community dwelling Lebanese older adults according to the healthy lifestyle index 
components  

Covariates   Score  0-5 points 
N= 22 

Score 6-10 points 
N= 222 

Score 11-15 points 
N= 177 

Score 16-20 points 
N =11  

P-value c 

Gender (n, %)a     0.007 
          Female   13 (59.1%) 143 (64.4%) 84 (47.5%) 5 (45.5%)  
          Male  9 (40.9%) 79 (35.6%) 93 (52.5%) 6 (54.5%)  

Age (Mean± SD)b 68.5 (±3.78) 72.18 (±6.97) 73.38 (±7.65) 70.64 (±7.95) 0.012 

Marital Status (n, %)a     0.068 
           Never Married 2 (9.1%) 12 (5.4%) 2 (1.1%) 1 (9.1%)  
           Married 13 (59.1%) 133 (59.9%) 111 (62.7%) 8 (72.7%)  

           Widowed  6 (27.3%) 76 (34.2%) 60 (33.9%) 2 (18.2%)  

           Divorced/Separated 1 (4.5%) 1 (0.5%) 4 (2.3%) 0 (0%)  

Education (n, %)a      0.004 
        None 5 (22.7%) 40 (18.0%) 34 (19.2%) 0 (0%)  

        Pre-primary-intermediate 14 (63.6%) 138 (62.6%) 86 (48.6%) 6 (54.5%)  
 

        Secondary 3 (13.6%) 37 (16.7%) 39 (22.0%) 2 (18.2%)  

        University/vocational training  0 (0%) 7 (3.2%) 18 (10.2%) 3 (27.3%)  

 

* All data are presented as n (%) except for age it is presented as mean (±SD). Differences between characteristics of participants in 

each adherence level of HLI-4 tested by: aChi-square, b Kruskal Wallis Test, and c significance level at <0.05.  
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Moreover, significant differences were found between participants in the different 

categories of the HLI index for the social activity (p=0.001) and the factors of the HLI 

index (p<0.0001). In fact, participants in the highest category were more socially active 

(23.0 ±4.84, p=0.001). In our study there was a high percentage of participants who do 

not consume alcohol (n=369, 85.4%) To further establish this result, it was shown that 

there was a significant difference between drinking alcohol and belonging to a religious 

group (p<0.0001). 72.6% of participants who never drink alcohol were Muslims, 13.8% 

were Christians and 13.6% were Drouz and 19.4% of those who consume 1-7 drinks/week 

were Christians, 25.4% were Muslims and 22.2% were Drouz. Nevertheless, the 

participants in the highest category had a significant higher number of drinks consumed 

per week (0.82±1.17, p<0.0001) compared to the other categories (0.09±0.43 in the 1st 

category, 0.19± 0.65 in the 2nd category and 0.48±0.92 in the 3rd category). In addition, 

there was no significant difference for the number of chronic diseases, type of the disease, 

medication, and depression (Table 7).   
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Table 7 Clinical and lifestyle characteristics of the community dwelling Lebanese older adults according to the healthy lifestyle index 
components  

 (N=432) Score 0-5 
points 
N= 22 

Score 6-10 points 
N= 222 

Score 11-15 
points 
N= 177 

Score 16-20 points 
N =11  

P-value 

Number of chronic diseases (mean 
±SD)a   

1.27 (± 1.20) 1.12 (± 1.06) 1.06 (± 0.99) 0.54 (± 0.82) 0.265 

Hypertension (yes, n, %)b  13 (59.1%) 120 (54.1%) 87 (49.2%) 3 (27.3%) 0.264 

Diabetes (yes, n, %)b  12 (54.5%) 70 (31.5%) 52 (29.4%) 2 (18.2%) 0.099 

Stroke (yes, n, %)b  1 (4.5%) 14 (6.3%) 6 (3.4%) 0 (0%) 0.499 

Heart Trouble (yes, n, %)b  2 (9.1%) 46 (20.7%) 43 (24.3%) 1 (9.1%) 0.336 

Depression (yes, n, %)b  3 (13.6%) 24 (10.8%) 17 (9.6%) 2 (18.2%) 0.610 

Medications (yes, n, %)b  20 (90.9%)  160 (72.1%) 127 (71.8%) 5 (45.5%) 0.048 

Social Activity (mean ±SD)a  18.5 (±9.12) 20.04 (±5.74) 21.45 (±4.90) 23.0 (±4.84) 0.001 

Social Activity (yes, n, %)b      0.000 

           Low 9 (40.9%) 77 (34.7%) 27 (15.3%) 1 (9.1%)  

           Medium 9 (40.9%) 50 (22.5%) 56 (31.6%) 3 (27.3%)  

           High  4 (18.2%) 95 (42.8%) 94 (53.1%) 7 (63.6%)  

Diet Score (mean ±SD)a  1.55 (± 1.63) 3.71 (± 2.36) 5.76 (± 2.42) 7.72 (± 1.01) 0.000 

Body Mass Index  (mean ±SD)a  30.76 (±6.65) 28.66 (±4.75) 27.55 (±2.96) 27.37 (±1.68) 0.000 
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Alcohol drinks (mean ±SD)a  0.09 (± 0.43) 0.19 (± 0.65) 0.48 (± 0.92) 0.82 (± 1.17) 0.000  

PA (METs) (mean ±SD)a  41.58 (± 89.40) 87.45 (± 224.99) 323.38 (± 423.07)                                                     
(± 668.51) 

 

 Smoking N (%)b      0.000  

Current smokers >15 cigarettes/day or 
1 hookah/day 

16 (72.7%) 52 (23.4%) 15 (8.5%) 0 (0%)  

Current smokers: < 15 cigarettes/day 4 (18.2%) 22 (9.9%) 8 (4.5%) 0 (0%)  

Ex-smokers: Quit ≤ 10 years 0 (0%) 8 (3.6%) 7 (4.0%) 0 (0%)  

Ex-smokers: Quit smoking >10 years 2 (9.1%) 21 (9.5%) 14 (7.9%) 0 (0%)  

Never smoked  0 (0%) 119 (53.6%) 133 (75.1%) 11 (100%)  

 

* All data are presented as n (%) except for chronic diseases presented as mean (±SD). The healthy lifestyle index and social activity 

where presented as n (%) and mean (±SD). Differences between characteristics of participants in each adherence level of HLI-4 tested 

by: a Kruskal Wallis Test, b Chi-square, and c significance level at <0.05.   
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5.4.2: Bivariate association between cognitive decline and healthy lifestyle index  
 

Table 8 presents the association between cognitive status and adherence to HLI. 

Both RUDAS and IQCODE were significantly associated with the HLI index, but no 

significant association observed for the 10/66 DRG (P=0.069). Participants with the 

highest adherence to the HLI had the highest RUDAS mean score (25.73±3.72 ≥22) and 

had the lowest risk of cognitive impairment (IQCODE=3.00≤ 3.34) compared to the other 

categories (Table 8). The post-hoc analysis showed that the significant difference 

between cognitive decline and the HLI-4 when using RUDAS was between groups 2 and 

3 (22.11±4.24 vs 24.18±3.73 respectively; p<0.0001) and between 2 and 4 (22.11±4.24 

vs 25.73±3.72 respectively; p=0.021). Similarly, for the IQCODE, the significant 

difference was between 2nd and 3rd group (3.20±0.41 vs 3.13±0.33 respectively; p=0.001) 

and between 2nd and 4th group (3.20±0.41 vs 3.0±0.0 respectively p=0.002). Furthermore, 

when the participants were stratified by gender, this association remained significant only 

in females but not in males. The post-hoc analysis showed that the significant difference 

was between 2nd and 3rd group (p<0.0001) when using RUDAS as a cognitive tool and 

when using IQCODE, the significant difference was between 2nd and 3rd group 

(p<0.0001) and 2nd and 4th group (p=0.009) (Table 9).  
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Table 8 Bivariate association between cognitive decline and healthy lifestyle index categories among Lebanese community dwelling 
older adults   

Cognitive decline Assessment  Score 0-5 points 
N= 22 

Score Q2 6-10 
points 
N= 222 

Score 11-15 points 
N=177 

Score 16-20 
points 
N= 11  

Total  
N= 432 

P-value c 

 RUDAS 

Mean (SD)a  21.86 (± 3.76) 22.11 (± 4.24) 24.18 (± 3.73) 25.73 (± 3.72) 23.03 
(±4.14) 

0.000 

  Cognitive decline (n, %)b 12 (54.5%) 106 (47.4%) 45 (25.4%) 3 (27.3%) 166 
(38.4%) 

0.000 

 IQCODE  
Mean (SD)a 3.09 (± 0.28) 3.20 (± 0.41) 3.13 (± 0.33) 3.00 (± 0.00) 3.16 (± 

0.37) 
0.000 

 Cognitive impairment (n, 
%)b 

1 (4.5%) 44 (19.8%) 17 (9.6%) 0 (0%) 62 (14.4%) 0.008 

 10/66 DRG 

 Dementia (n, %) b 2 (9.1%) 21 (9.5%) 6 (3.4%) 0 (0%) 29 (6.7%) 0.069 

* All data are presented as n (%) and mean (±SD) except for dementia where presented only as n (%). Differences between cognitive 

decline prevalence in each level of HLI-4 is tested by: a Kruskal Wallis Test, b Chi-square, and c significance level at <0.05.   



48 
 

Table 9 Bivariate associations between cognitive decline and healthy lifestyle index categories among Lebanese community dwelling 
older adults stratified by gender  

Cognitive decline Assessment   Score 0-5 points 
 

Score 6-10 
points 
 

Score11-15 points 
 

Score 16-20 
points 
 

Total  
 

P-valuec 

 RUDAS 
N cog decline/ Total  12/22  106/222 45/177 3/11 166/432  

Mean (SD)a       

             Female 21.69 (± 4.41) 21.09 (± 4.22) 24.68 (± 3.61) 23.8 (± 2.68) 22.41 
(±4.33) 

0.000 

             Male 22.11 (± 2.80) 23.95 (± 3.62) 23.73 (± 3.79) 27.33 (± 3.88) 23.86 
(±3.73)  

0.060 

 Cog decline (n,%)b       

             Female  7 (53.8%) 81 (56.6%) 20 (23.8%) 2 (40.0%) 110 (44.9%)  0.000 

             Male  5 (55.6%) 25 (31.6%) 25 (26.9%) 1 (16.7%) 56 (29.9%) 0.308 
 IQCODE 
N cog imp/ Total  1/22 44/222 17/177  0/11 62/432  
Mean (SD)a        
              Female 3.15 (± 0.36) 3.28 (± 0.41) 3.15 (± 0.38) 3.00 (0.00) 3.22 (± 0.39) 0.000 
              Male 3.01 (± 0.03) 3.08 (± 0.36) 3.10 (± 0.27) 3.00 (0.00) 3.09 (± 0.31) 0.437 
 Cog imp (n, %)       
              Female 1 (7.7%) 37 (25.9%)  9 (10.7%)  0 (0%)  47 (19.2%)  0.018 
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              Male 0 (0%) 7 (8.9%) 8 (8.6%) 0 (0%) 15 (8.0%) 1.00 
 10/66 DRG 

N dementia/ Total  2/22 21/222 6/177 0/11 29/432  
dementia (n,%)b       

              Female 2 (15.4%) 19 (13.3%) 3 (3.6%) 0 (0%) 24 (9.8%) 0.056 

              Male 0 (0%) 2 (2.5%) 3 (3.2%) 0 (0%) 5 (2.7%) 1.00 

* All data are presented as n (%) and mean (±SD) except for dementia where presented only as n (%). Differences between cognitive 

decline prevalence in each level of HLI-4 stratified by gender is tested by: a Kruskal Wallis Test, b Chi-square, and c significance level 

at <0.05.  
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5.5: Bivariate association based on 3 categories 
 

5.5.1: Association between characteristics of participants and healthy lifestyle 
index 
 

Tables 10 and 11 show the characteristics of the participants according to the 

HLI-3. The group with the lowest adherence to HLI had the lowest mean value of age 

(70.35±5.37 years, p=0.029), the highest distribution of females (65.9%, p=0.008), and 

the lowest level of education attained, and they were the least socially active (19.86±6.78, 

p=0.001) compared to the other groups. The post-hoc analysis showed that the significant 

difference between cognitive decline and the HLI-3 when using RUDAS was between 

groups 1 and 3 (p<0.0001) and between 2 and 3 (p<0.0001). As for the IQCODE, the 

significant difference was between 1st and 3rd group (p=0.008) and between 2nd and 3rd 

group (p<0.0001). In addition, there was no significant difference for any of the number 

of chronic diseases, medications, types of disease and depression.  

In addition, participants with the highest adherence to HLI had the lowest 

percentage of participants having cognitive decline as indicated by RUDAS (21.1%, 

p=<0.0001), IQCODE (8.3%, p<0.0001), and 10/66 DRG (3.8%, p=0.001). Nevertheless, 

when stratified by gender, this association was only significant in females, but not in 

males. The post-hoc analysis showed that the significant difference between cognitive 

decline in females and the HLI-3 when using RUDAS was between groups 1 and 3 

(p<0.0001) and between 2 and 3 (p<0.0001). As for the IQCODE, the significant 

difference was between 1st and 3rd group (p=0.011)  and between 2nd and 3rd group 

(p<0.0001) (Tables 12 & 13).      
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Table 10 Socio-demographic characteristics of the community dwelling Lebanese older adults according to (HLI-3)  

 

* All data are presented as n (%) except for age presented as mean (±SD). Differences between characteristics of participants in each 

adherence level of HLI-3 tested by: a Chi-square bKruskal Wallis Test, and c significance level at <0.05.  

 

Covariates   Q1 (0-7 points) 

N= 85  

Q2-3 (8-11 points) 

N= 216  

Q4 (≥12points) 

N = 133 

Total 

N= 434 

P-value c 

Gender  (n,%)a      
          Female   56 (65.9%) 127 (58.8%) 61 (45.9%)   244 (56.2%) 0.008 

Age (mean ±SD)b 70.35 (± 5.37) 72.91 (± 7.54) 73.06 (± 7.48) 72.45 (± 7.21) 0.029 

Marital Status  (n, %)a     0.363 

           Never Married 5 (5.9%) 10 (4.6%) 2 (1.5%) 17 (3.9%)  

           Married 54 (63.5%) 125 (57.9%) 90 (67.7%) 269 (62.0%)  

           Widowed  25 (29.4%) 78 (36.1%) 39 (29.3%) 142 (32.7%)  

           Divorced/Separated 1 (1.2%) 3 (1.4%) 2 (1.5%) 6 (1.4%)  

Education  (n, %)a      0.009 

        None 19 (22.4%) 35 (16.2%) 27 (20.3%) 81 (18.7%)  

        Pre-primary-intermediate 52 (61.2%) 128 (59.3%) 63 (47.4%) 243 (56.0%)  

        Secondary 13 (15.3%) 43 (19.9%) 26 (19.5%) 82 (18.9%)  

        University/vocational training  1 (1.2%) 10 (4.6%) 17 (12.8%) 28 (6.5%)  
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 Table 11 Clinical & lifestyle characteristics according to the HLI-3   

Covariates  Q1 (0-7 points) 

N= 85  

Q2-3 (8-11 points) 

N= 216  

Q4 (≥12points) 

N = 133 

Total 

N= 434 

P-value c 

N  chronic diseases (mean ±SD)a   1.33 (±1.11) 1.07 (±1.06) 1.01 (±0.96) 1.10 (±1.04) 0.094  

Hypertension (yes, n, %)b  53 (62.4%) 108 (50%) 64 (48.1%) 225 (51.8%) 0.092 

Diabetes (yes, n, %)b 35 (41.2%) 66 (30.6%) 38 (28.6%) 139 (32%) 0.122 

Stroke (yes, n, %)b a  6 (7.1%) 12 (5.6%) 3 (2.3%) 21 (4.8%) 0.192 

Heart Trouble (yes, n, %)b   19 (22.4%) 46 (21.3%)  29 (21.8%) 94 (21.7%) 0.988 

Depression (yes, n, %)b 10 (11.8%) 21 (9.7%) 14 (10.5%) 45 (10.4%) 0.854 

Medications (yes, n, %)b  61 (71.8%) 160 (74.1%) 93 (69.9%) 314 (72.4%) 0.706 

Social Activity (mean ±SD)a  19.86 (6.78) 20.15 (5.67) 22.19 (5.34) 20.72 (5.62) 0.001 

Social Activity (yes, n, %)b      0.000 

           Low  32 (37.6%) 64 (29.6%) 14 (10.5%) 110 (25.3%)  

           Medium 22 (25.9%) 55 (25.5%) 42 (31.6%) 119 (27.4%)  

           High  31 (36.5%) 97 (44.9%) 77 (57.9%) 205 (47.2%)  

 

* All data are presented as n (%) except for chronic diseases presented mean (±SD). Differences between characteristics of participants 

in each adherence level of HLI-3 tested by: a Chi-square bKruskal Wallis Test, and c significance level at <0.05.  
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Table 12 Prevalence of cognitive decline evaluated using three measures based on adherence to the healthy lifestyle index HLI-3 
among community dwelling Lebanese adults   

Cognitive decline 
measurement  

Q1 (0-7 points) 

N= 85 

Q2-3 (8-11 points) 

N= 216 

Q4 (≥12points) 

N = 133 

Total 

N= 434 

P-valuec 

 RUDAS 

Mean (±SD)a 22.11 (± 3.63) 22.41 (± 4.34) 24.77 (± 3.45) 23.07 (± 4.10) 0.000 

 Cognitive decline (n, %)b 44 (51.8%) 95 (44.0%) 28 (21.1%) 167 (38.5%) 0.000 

 IQCODE 
Mean (±SD)a 3.16 (± 0.29) 3.21 (± 0.44) 3.09 (± 0.25) 3.16 (± 0.37) 0.000 

Cognitive impairment (n, %)b 11 (12.9%) 39 (18.1%) 11 (8.3%) 61 (14.1%) 0.035 

 10/66 DRG 
N dementia (%) b 6 (7.1%) 18 (8.3%) 5 (3.8%) 29 (6.7%) 0.267 

 

* All data are presented as n (%) and mean (±SD) except for dementia where presented mean n (%). Differences between cognitive 

decline in each adherence level of HLI-3 is tested by: a Kruskal Wallis Test, bChi-square, and c significance level at <0.05. RUDAS: 

Rowland universal dementia assessment scale; IQCODE: Informant questionnaire on cognitive decline in the elderly; 10/66 DRG 

dementia research group.     
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Table 13 Cognitive scores evaluated by three different measures based on adherence to the healthy lifestyle index HLI-3 stratified by 
gender  

Cognitive decline measurement  Q1 (0-7 points) 

N= 85 

Q2-3 (8-11 points) 

N= 216 

Q4 (≥12points) 

N = 133 

Total 

N= 434 

P-valuec 

 RUDAS 
Mean (SD)c      

        Female 21.75 (± 3.86) 21.46 (± 2.29) 25.25 (± 3.39) 22.48 (± 4.28) 0.000 

         Male 22.79 (± 3.08) 23.76 (± 4.09) 24.36 (± 3.48) 23.84 (± 3.73) 0.074 

  Cognitive decline (n,%)b      

        Female 31 (55.4%) 68 (53.5%) 10 (16.4%) 109 (44.7%) 0.000 

         Male 13 (44.8%) 27 (30.3%) 18 (25.0%) 58 (30.5%) 0.148 

 IQCODE 
Mean (SD)a      

         Female 3.21 (± 0.34) 3.28 (± 0.47) 3.09 (± 0.21) 3.22 (± 0.39) 0.001 

         Male 3.05 (± 0.11) 3.09 (± 0.36) 3.09 (± 0.28) 3.09 (± 0.30) 0.676 

 Cognitive impairment (n,%)b      

        Female 10 (17.9%) 31 (24.4%) 5 (8.2%) 46 (18.9%) 0.027 

         Male 1 (3.4%) 8 (9.0%) 6 (8.3%) 15 (7.9%) 0.716 
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 10/66 DRG 
 Dementia (n,%) b      

       Female 6 (10.7%) 15 (11.8%) 3 (4.9%) 24 (9.8%) 0.32 

        Male 0 (0%) 3 (3.4%) 2 (2.8%) 5 (2.6%) 1.00 

* All data are presented as n (%) and mean (±SD) except for dementia where presented mean n (%). Differences between cognitive 

decline in each adherence level of HLI-3 stratified by gender is tested by: a Kruskal Wallis Test, bChi-square, and c significance level at 

<0.05. . RUDAS: Rowland universal dementia assessment scale; IQCODE: Informant questionnaire on cognitive decline in the elderly; 

10/66 DRG dementia research group.  
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 5.5.2: Characteristics of participants based on the healthy lifestyle factors  
 

Participants in the highest quartile had a healthiest diet score (35.2%), a BMI in 

the healthiest range which is 25-29.9 kg/m2 (56.2%), were highly physically active with 

a range of 500-1999 METs (18.5%), had never smoked (81.2%) and had consumed 1-7 

drinks/week (27.1%) compared to those in Q1 and Q2&3. Actually, participants in Q1 

had a low score for a healthy diet (26.5% and 47% in the 1st and 2nd quintiles), had BMI 

>30 kg/m2 (61.2%), perform 0 METs of physical activity (71.8%) and never drink 

(95.3%), and smoke >15 cigarettes/day or 1 hookah/day (47.1%) (Figures 1-5).   

5.6: Association between cognitive decline prevalence (assessed by 
RUDAS, IQCODE & 10/66 DRG) and HLI-3 stratified by gender 
 

The association between adherence to the HLI-3 and cognitive decline stratified 

by gender was performed using logistic regression analysis and presented in Tables 14, 

15 and 16. Results were significant for both genders although more decrease in the 

prevalence of cognitive decline was observed among females. In fact, females with the 

highest adherence to HLI category (Q4) had an 88% decrease in the prevalence of 

cognitive decline assessed by RUDAS (OR: 0.12, 95%CI: 0.05–0.31, p<0.0001) when 

adjusted for age, gender, marital status and education compared to those in the lowest 

adherence to HLI (first quartile) and this association remained significant when further 

adjusted for number of chronic diseases, taking any medications, depression, and social 

activity (OR=0.11, 95%CI: 0.04–0.30, p<0.0001).  Among male participants, those in the 

highest category of HLI-3 had a 67% decrease in the prevalence of cognitive decline in 

model 1 (OR= 0.33, 95%CI: 0.12–0.88, p= 0.026) and model 2 (OR= 0.32, 95%CI: 0.12–

0.87, p= 0.026).     

On the other hand, this association was neither significant in females nor in males 

when cognitive decline was assessed using IQCODE and 10/66 DRG. Compared to the 

lowest adherence (Q1), females in the highest quartile (Q4) were not significantly 

associated with the prevalence of cognitive decline assessed by IQCODE in any of the 

models (OR=0.30,95%CI: 0.09–1.03, p=0.056) (Model 1) and (OR=0.33,95%CI: 0.09–

1.19, p=0.09) (Model 2). The same results were also shown in males where there was no 
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significant association neither in model 1 (OR= 1.36 95%CI: 0.14–13.76, p= 0.79) nor in 

Model 2 (OR=1.96, 95%CI: 0.16–23.91, p=0.59). These results were also consistent with 

the 10/66 DRG measurement tool. Those with the highest adherence of HLI (Q4) had no 

significant association with prevalence of cognitive decline in any of the models 

(OR=0.29, 95%CI: 0.06-1.33, p= 0.11) (Model 1) and (OR=0.19, 95%CI: 0.03–1.16, 

p=0.07) (Model 2) in females and this association couldn’t be computed in males because 

of the low number of male participants with dementia.  

Table 14 Correlation between cognitive decline measured by RUDAS and adherence to 
the healthy lifestyle index HLI-3 stratified by gender   

 Healthy Lifestyle Index as 3 categories 

Cognitive Tool  RUDAS 

Females N cognitive 
decline 
females/ 

Total 

Model 1 P Model 2 P 

  OR (95% CI)  OR (95% CI)  

Q1 (0 - 7pts) 30/85 Ref  Ref  

Q2-3 (8 - 
11pts) 

68/216 0.76 (0.38 – 1.54) 0.45 0.69 (0.34 – 1.42) 0.31 

Q4  ( ≥ 12pts) 9/133 0.12 (0.05 – 0.31) 0.000 0.11 (0.04 – 0.30) 0.000 

Males N cognitive 
decline 
males/ 
Total 

Model 1   Model 2  

Q1 (0 - 7pts) 12/85 Ref  Ref  

Q2-3  (8 - 
11pts) 

27/216 0.41 (0.16 – 1.04) 0.06 0.39 (0.15 – 1.02) 0.056 

Q4  ( ≥ 12pts) 17/133 0.33 (0.12 – 0.88) 0.026 0.32 (0.12 – 0.87) 0.026 
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OR: odds ratio, CI confidence intervals; Ref: Reference; n cog decline: number of participants 
with cognitive decline  

RUDAS: Rowland universal dementia assessment scale; IQCODE: Informant questionnaire on 
cognitive decline in the elderly; 10/66 DRG dementia research group   

Model 1: Adjusted for age, , marital status & education 
 Model 2: Model 1 + further adjustment for number of chronic diseases, taking any medications, 
depression & social activity 

 

Table 15 Correlation between cognitive decline measured by IQCODE and adherence to 
the healthy lifestyle index HLI-3 stratified by gender   

 

 Healthy Lifestyle Index as 3 categories 

Cognitive Tool  IQCODE 

Females N cognitive 
impairment 

females/ 
Total 

Model 1 P Model 2 P 

  OR (95% CI)  OR (95% CI)   

Q1 (0 - 7pts) 10/85 Ref  Ref  

Q2-3 (8 - 
11pts) 

31/216 1.15 (0.49 – 2.69) 0.75 1.50 (0.59 – 3.78) 0.39 

Q4  ( ≥ 12pts) 5/133 0.30 (0.09 – 1.03) 0.056 0.33 (0.09 – 1.19) 0.09 

Males N cognitive 
impairment 

males/ 
Total 

Model 1   Model 2   

Q1 (0 - 7pts) 1/85 Ref  Ref  
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Q2-3  (8 - 
11pts) 

8/216 1.97 (0.21 – 18.56) 0.55 2.71 (0.21- 34.34) 0.44  

Q4  ( ≥ 12pts) 6/133 1.36 (0.14 – 13.76) 0.79 1.96 (0.16 – 23.91) 0.59 

 
OR: odds ratio, CI confidence intervals; Ref: Reference; n cog decline: number of participants with 
cognitive decline  

RUDAS: Rowland universal dementia assessment scale; IQCODE: Informant questionnaire on cognitive 
decline in the elderly; 10/66 DRG dementia research group   

Model 1: Adjusted for age, , marital status & education 
 Model 2: Model 1 + further adjustment for number of chronic diseases, taking any medications, depression 
& social activity 

 

Table 16 Correlation between cognitive decline measured by 10/66 DRG and adherence 
to the healthy lifestyle index HLI-3 stratified by gender   

 

 Healthy Lifestyle Index as 3 categories 

Cognitive Tool  10/66 DRG 

Females N cognitive 
decline 
females/ 

Total 

Model 1 P Model 2 P 

  OR (95% CI)  OR (95% CI)  

Q1 (0 - 7pts) N= 6/85 Ref  Ref  

Q2-3 (8 - 
11pts) 

N= 15/216 0.91 (0.29 – 2.74) 0.86 0.79 (0.25 – 2.56) 0.7 

Q4  ( ≥ 12pts) N= 2/133 0.29 (0.06- 1.33) 0.11 0.19 (0.03 – 1.16) 0.07 

 

OR: odds ratio, CI confidence intervals; Ref: Reference; n cog decline: number of participants 
with cognitive decline  
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RUDAS: Rowland universal dementia assessment scale; IQCODE: Informant questionnaire on 
cognitive decline in the elderly; 10/66 DRG dementia research group   

Model 1: Adjusted for age, , marital status & education 
 Model 2: Model 1 + further adjustment for number of chronic diseases, taking any medications, 
depression & social activity 

 

The bivariate analysis showed that there is a significant difference in cognitive status 

between females and males. Also, the logistic regression showed that gender is an 

independent predictor factor of cognitive decline. Nevertheless, when stratified by 

gender, a higher adherence to the HLI was associated with a lower prevalence of cognitive 

decline as measured by RUDAS in both models (Table 14). When cognitive declne was 

measured by IQCODE, results for both genders were not significant. Finally, we were not 

able to stratify by gender for the 10/66RDG as the model for males was not fit. Therefore, 

based on those observations and in order to maintain the sample size, we decided to 

combine both genders and perform the analysis for the whole sample.    

 

5.7: Association between cognitive decline prevalence (assessed by 
RUDAS) and healthy lifestyle index based on4 categories    
 

The association between adherence to the HLI-4 and prevalence of cognitive decline 

based on RUDAS was assessed using logistic regressions and presented in Table 17. 

Compared to those in the lowest adherence category (first), participants in the third 

category had an 80% decreased prevalence of cognitive decline when adjusted for age, 

gender, marital status and education (Model 1) (OR=0.20, 95%CI:0.08-0.53, p= 0.001) 

while this association was not significant for those in the fourth category (OR=0.27, 

95%CI: 0.05-1.14, p=0.126). When additionally adjusted for number of chronic diseases, 

taking any medications, depression & social activity, the association for the third category 

remained significant (OR: 0.23, 95%CI:0.09-0.60, p=0.003) while this association was 

not significant for those in the fourth category (OR=0.33, 95%CI: 0.06-1.88, p= 0.213) 

(Table 17). For the fully adjusted model, the Hosmer and Lemeshow test was used to 

detect the goodness-of-fit. It was 0.275 and the independent variables explained 18.8% 
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of the variation in cognitive decline. The association between HLI-4 and cognitive decline 

based on IQCODE and 10/66 DRG was not computed because of the low number of 

participants in the fourth category and therefore the models were not statistically fit.   

 

5.8: Association between cognitive decline prevalence (assessed by 
RUDAS, IQCODE & 10/66 DRG) and healthy lifestyle index based on 
3 categories   
 

Logistic regression analysis was performed to establish the association between 

prevalence of cognitive decline and adherence to HLI-3 and presented in Table 18. 

Participants in the highest category (Q4) had a 78% decrease in the prevalence of 

cognitive decline assessed by RUDAS (OR: 0.22, 95%CI: 0.12-0.42, p<0.0001) when 

adjusted for age, gender, marital status and education compared to those in the lowest 

adherence of category (first quartile) and this association remained significant when 

further adjusted for number of chronic diseases, taking any medications, depression & 

social activity 77% (OR: 0.23, 95%CI: 0.12-0.45, p<0.0001). The Hosmer and Lemeshow 

test showed that the model 2 is fit with a p=0.083 and the independent variables explained 

18.8% of the cognitive status assessed by RUDAS.  

Compared to the lowest adherence (Q1), the highest quartile (Q4) was not 

significantly associated with the prevalence of cognitive decline assessed by IQCODE in 

any of the models (OR=0.49, 95%CI: 0.17–1.23, p=0.15) (Model 1) and (OR=0.60, 

95%CI: 0.22–1.67, p=0.33) (Model 2). The Hosmer and Lemeshow test showed that the 

fully adjusted model is fit with a p=0.35 and the independent variables explained 30.5% 

of the cognitive status assessed by IQCODE. The same results were also shown when 

assessing cognitive decline by 10/66 DRG. Those with the highest adherence of HLI (Q4) 

had no significant association with prevalence of cognitive decline in any of the models 

(OR=0.43, 95%CI: 0.116–1.582, p=0.2) (Model 1) and (OR=0.47, 95%CI: 0.12–1.85, 

p=0.28) (Model 2). The Hosmer and Lemeshow test showed that model 2 is fit with a 

p=0.77 and the independent variables explained 30.4% of the cognitive status by 10/66 

DRG (Table 18).  
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 Table 17 Correlation between cognitive decline prevalence as measured by RUDAS  and 
adherence to the healthy lifestyle index HLI-4 among Lebanese community dwelling 
older adults 

 Healthy Lifestyle Index as 4 categories 

Cognitive Tool  RUDAS 

 
N cognitive 

decline/ 
Total 

Model 1 P Model 2 P 

HLI score  OR 95% CI  OR 95% CI  

 1- 5pts N= 12/22 Ref  Ref  

 6-10pts N= 106/222 0.54 (0.22-1.35) 0.186 0.59 (0.234-1.49) 0.264  

 11-15pts N= 45/177 0.20 (0.08-0.53) 0.001 0.23 (0.09-0.6) 0.003 

 16-20pts N= 3/11 0.27(0.048-1.45) 0.126 0.33 (0.06-1.88) 0.213 

 

OR: odds ratio, CI confidence intervals; Ref: Reference; n cog decline: number of participants 
with cognitive decline  

RUDAS: Rowland universal dementia assessment scale 

Model 1: Adjusted for age, gender, marital status & education 

Model 2: Model 1 + further adjustment for number of chronic diseases, taking any medications, 
depression & social activity 
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Table 18 Correlation between cognitive decline prevalence as measured by RUDAS  and 
adherence to the healthy lifestyle index HLI-3 among Lebanese community dwelling 
older adults 

 Healthy Lifestyle Index as 3 categories 

Cognitive 
Tool  

RUDAS 

 N cognitive 
decline/ Total 

Model 1 P Model 2 P 

  OR 95% CI  OR 95% CI  

Q1 (0 - 7pts) N= 42/85 Ref  Ref  

Q2-3 (8 - 
11pts) 

N= 95/216 0.64 (0.38- 1.1) 0.10 0.65 (0.38- 1.11)  0.11 

Q4  ( ≥ 12pts) N= 26 /133 0.22 (0.12- 0.42) 0.000 0.23 (0.12- 0.45) 0.000 

 IQCODE 

 N cognitive 
impairment/Total  

OR 95% CI  OR 95% CI  

Q1 (0 - 7pts) N= 11/85 Ref  Ref  

Q2-3 (8 - 
11pts) 

N= 39/216 1.176 (0.539- 

2.56)  

0.684 1.52 (0.656 – 

3.53) 

0.328 

Q4  ( ≥ 12pts) N= 11/133 0.49 (0.17 – 1.23) 0.15 0.60 (0.22 – 1.67) 0.33 

 10/66 DRG 

 N dementia/ 
Total 

OR 95% CI  OR 95% CI  
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Q1 (0 - 7pts) N= 6/85 Ref  Ref  

Q2-3 (8 - 
11pts) 

N= 18/216 0.90 (0.32 – 2.59) 0.848  0.93 (0.31 – 2.85) 0.903 

Q4  ( ≥ 12pts) N= 4/133 0.43  (0.17 – 1.58) 0.20 0.47 (0.12 – 1.85) 0.28 

 
OR: odds ratio, CI confidence intervals; Ref: Reference; n cog decline: number of participants with 
cognitive decline  

RUDAS: Rowland universal dementia assessment scale; IQCODE: Informant questionnaire on cognitive 
decline in the elderly; 10/66 DRG dementia research group   

Model 1: Adjusted for age, gender, marital status & education 
 Model 2: Model 1 + further adjustment for number of chronic diseases, taking any medications, depression 
& social activity 
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Chapter Six 
 

Discussion  
In this cross-sectional secondary study, we evaluated the correlation between 

adherence to a healthy lifestyle index and prevalence of cognitive decline. A higher 

adherence to a healthy lifestyle index was identified as following a healthy diet, having a 

BMI between 25-29.9 kg/m2, never smoking, having 7.1- 14 alcoholic drinks/week and 

being physically active. We observed that older adults in the highest category of 

adherence to a healthy lifestyle index had a lower prevalence of cognitive decline. To our 

knowledge, this is the first study in Lebanon to assess this relation.  

In our sample, all the factors of the healthy lifestyle index were significantly 

different between the groups with cognitive decline compared to the one with no 

cognitive decline, except for BMI. Although studies have shown that older adults with a 

healthy BMI are less likely to have cognitive decline (Noh, H. M., et. al, 2019), this result 

was not consistent with our study. The reason behind that could be due to the high number 

of participants in our sample who fall under the normal BMI range (25-29.9 kg/m2) (56%) 

and very low number of participants who had a BMI < 20 kg/m2 (0.9%) so this can show 

that cognitive decline is mostly affected by a high or a low BMI (Gogniat, et.al, 2018); 

thus, limiting our ability to find an effect of BMI on cognitive prevalence.   

Each of these healthy lifestyle factors was shown in the literature to individually 

contribute to the decrease in the risk of cognitive decline (Baumgart, M., et.al, 2015, 

Beydoun, M. A. et,al, 2014 & Michaud, T. L, et.al, 2018); nonetheless, our main aim in 

this study was to assess the effect of the combination of these healthy lifestyle factors 

together and not the effect of each healthy lifestyle factor alone on the prevalence  of 

cognitive decline. Furthermore, our results showed that a healthier lifestyle was driven 

by higher levels of education, more social engagement, and low cognitive decline. This 

is in line with other studies that have shown that education contributes to the healthy 

lifestyle among older adults (Campos, A. C. V., et.al, 2014 & Dearborn-Tomazos, J. L., 

et.al, 2019) as well as social activity (Lee, H. J., et.al, 2020).  
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In this study, number of participants with cognitive decline that were prevalent in the 

highest quartile of the healthy lifestyle index were significantly lower than the other 

quartiles and this result was significant only when it was assessed by RUDAS and 

IQCODE and not by 10/66 DRG and this might be due to the low sample size of older 

adults diagnosed with dementia (n= 29, 6.7%). Besides, when the results were stratified 

by gender, this association remained significant only in females. Moreover, females were 

more likely to be widowed, less educated, and less socially active. Our findings were in 

line with other studies assessing cognitive status in both genders. It was demonstrated 

that men have higher levels of education, are less depressed, more likely to be married 

and more socially active compared to women (Kim, S., et.al, 2015; Lee, H. J., et.al, 2020; 

Wang, L., et.al, 2018; Wang, J., et.al, 2020). This discrepancy in results between both 

genders could be explained by the gender inequality. In some countries, especially in rural 

areas, females are still having unequal opportunities in education, access to health care 

system or food (Wang, J., et.al, 2020). As for Lebanon, our country ranks 145 among 153 

countries in gender inequality around the globe where women have less job opportunities, 

higher illiteracy (8.7%) and suffer from spousal violence (United Nation Arab States, 

2020 & Labour Force and Household Living Conditions). In addition, based on evidence, 

women are more likely to live alone after losing their spouse unlike men who record a 

high percentage of marrying again at the age of 75-84 years after they lose their wives 

(Paula, S., 2016). In fact, a study done in India has shown that widowed males who do 

not live with a partner are at a higher risk of developing psychological and mental distress 

compared to widowed females (Perkins, J. M. et.al, 2016). Therefore, these reasons could 

partly be contributed to the differences between the characteristics of females and males. 

A 10-year prospective study has shown that having an unhealthy lifestyle like being 

physically inactive, smoking, having depression, and being obese is associated with 

higher cognitive decline in both females and males (Deckers, K., et.al, 2019). Another 

study has shown that there was no gender difference in the verbal fluency test that is used 

as a measure of cognitive function (Alsayyad, E., et,al, 2020).    

 

In our study, logistic regressions showed a statistically significant relationship 

between cognitive decline and healthy lifestyle index when cognition was assessed by 
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RUDAS and but not when assessed by IQCODE or 10/66 DRG.  To our knowledge there 

is a limited number of studies that have assessed the effect of healthy lifestyle index on 

cognition. In fact, our findings are consistent with a cross-sectional study that included 

198 healthy community dwelling older adults aged 68.6 ±3.6 years residing in the city of 

Munster in Germany. This study has shown that higher levels of physical activity, 

following a healthy diet, having low-to-moderate alcohol consumption, and never 

smoking was associated with a significantly higher score on memory (Beta = 0.2, t = 2.9; 

t: difference in the size of variation represented as standard error, p = 0.004) (Flöel, A., 

et.al, 2008). The authors have assessed the memory score using the Auditory Verbal 

Learning Test which is a tool used to detect the ability of recalling and recognizing a 

word after being presented several times and this score is also used as one of the 8 items 

of RUDAS (Flöel, A., et.al, 2008 & Chaaya, M., et.al, 2016). Similarly, our study showed 

that being at the highest quartile of the healthy lifestyle index (≥ 12points) that consists 

of following a healthy diet, having a BMI between 25-29.9 kg/m2, never smoking, having 

7.1- 14 alcoholic drinks/week and being physically active is associated with a decrease 

in the prevalence of cognitive decline when assessed by RUDAS. Another 3-year 

prospective study was done on 3,107 Netherland participants recruited from Western, 

Northeastern, and Southern regions of Netherland and it included participants born before 

1931 so the sample was representative of the older population. Participants were reached 

at their home and examined by trained interviewers who inquired about their adherence 

to a healthy lifestyle that included smoking, alcohol consumption, physical activity, and 

weight. Similarly, the authors observed that following a healthy lifestyle characterized by 

never smoking, moderate alcohol consumption, being physically active and having a 

healthy weight range decreases the decline in gait speed (0.04 m/s, 95% CI 0.03, 0.05) 

and cognitive functioning (B= 0.47, 95% CI: 0.23,0.70). In this study, cognitive 

functioning was assessed using the Mini Mental State Examination (MMSE) which is a 

tool used to assess the change in cognitive status through time where the participants are 

required to perform several assigned tasks and a score is given at the end of the assessment 

(Visser, M., et.al, 2019). In fact, studies have shown that RUDAS and MMSE are similar 

tools that can accurately assess cognitive function (Mateos-Álvarez, R., et.al, 2017 & 

Goudsmit, M., et.al, 2018). Nevertheless, the other cognitive tools that were used in our 
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study have different screening measures and different sensitivity and specificity levels to 

detect cognitive decline than RUDAS (Darwish et.al, 2018 & Phung, et.al, 2017). 

RUDAS is a tool used to screen for cognitive impairment in people from different 

socio-demographic backgrounds (Storey, J., et.al, 2004 & Rowland, J.T., et.al, 2006) but 

it has shown low specificity (64.6%) and sensitivity (positive predictive value = 17.8%) 

to detect older adults who are at risk of dementia in Lebanon (Phung, et.al, 2017). This 

might imply a high rate of false positives which means that people without cognitive 

decline risk might go under the category of the risk of cognitively declined participants, 

so this affects the accuracy of the diagnostic tool (Shreffler, J., et.al, 2020). On the other 

hand, IQCODE can detect changes in cognitive functioning and skills where a cut-off 

value above 3.34 detects cognitive impairment which is an advanced stage of cognitive 

decline. Also, it highly depends on the judgment of the informant and their relationship 

with the older adults (Darwish et.al, 2018); nevertheless, it is used in several settings like 

community-dwelling and clinical settings (van Nieuwkerk, A. C., et.al, 2021, Kirkevold, 

O., et.al, 2015 & Phung, et.al, 2017).  In addition, 10/66 DRG has a high sensitivity and 

specificity to detect incidence of dementia in low educated populations like Lebanon 

(Phung, K. T., et.al, 2017 & Chaaya, M., et.al, 2016). This tool would help us in detecting 

the association between the last stages of cognitive decline which is dementia and 

following a healthy lifestyle among older adults.  

In fact, the results of the logistic regression using IQCODE and 10/66DRG did 

not show an association between cognitive decline and the healthy lifestyle index. We 

hypothesize that the HLI might be correlated with a reduced prevalence of early stages of 

cognitive decline but might not be correlated with the late stages of cognitive impairments 

such as dementia. Therefore, early stages of cognitive decline can be delayed by 

following a healthy lifestyle (Smart, C. M., et.al, 2017). In addition, following healthy 

lifestyle decreases the risk of cognitive decline greater than when following one factor 

alone. For instance, following a MeDi  decreases the risk of cognitive decline by 50% 

(OR: 0.499, 95% CI 0.208- 0.969; P=0.041) (Anastasiou, C. A., et.al, 2017), consuming 

light to moderate alcohol decreases its risk by 34% (OR= 0.66; 95%CI=0.59-0.74) 

(Zhang, et.al, 2020), performing moderate to vigorous physical activity decreases the risk 

by 40% (OR: 0.6, 95% CI 0.51, 0.71; P<0.001) (Santos-Lozano, A., et.al, 2016) and non-
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smoking decreases the risk by 13% (OR= 0.87, 95% CI: 0.75-0.99; p<0.05) (Amini, R., 

et.al, 2020). On the other hand, our study has shown that combining these lifestyle factors 

was more effective in decreasing the prevalence of cognitive decline which is 77%.  

As mentioned before, following a healthy lifestyle delays cognitive decline in 

older adults (Klímová, B., et.al, 2018) and several mechanisms can explain this 

association.  Studies have shown that a healthy diet rich in antioxidants aids in the 

improvement of neuroimaging in the brain by reducing the oxidative stress and the free 

radical reactive oxygen species that causes neuronal cell damage (Vassilaki, M., 2018). 

Also, having a healthy gut microbiota due to the consumption of food rich in prebiotics 

helps in improving neuropsychiatric problems (Owen, L., et.al, 2017). In addition, studies 

have shown that obesity in older adults affects cognition due to the high inflammatory 

process that occurs where the interleukins, adiponektines, and tumor necrosis factor can 

cross the blood-brain barrier causing neuronal cell damage (Sui, S. X., et.al, 2020). Also, 

having a low BMI causes detrimental effects by increasing the decline in episodic and 

semantic memory (Arvanitakis, Z., et. al, 2018).  Furthermore, smoking affects the 

nicotinic acetylcholine receptors in the brain which in turn would mediates the action of 

nicotine on the brain leading to cognitive defects ((Valentine, G., et.al, 2018). Moreover, 

moderate alcohol consumption leads to a better cerebrovascular outcome by acting on the 

brain derived neutrophic factor (Zhang, R., et.al, 2020); nevertheless, having a high 

consumption reduces the brain activity by causing an impairment in the spatial cognition 

under the action of the stress binding protein (Jacob, A. et.al, 2020). Last but not least, 

physical activity causes morphological changes in the brain one of which is the increase 

in neutrophil levels that have a role in protecting against cognitive decline (Mandolesi, 

L., et.al, 2018). Interestingly, several studies have shown that integrating a multi-domain 

lifestyle intervention, which constitutes of the aforementioned factors, causes a 

synergistic effect on the brain; thus, leading to an effective reduction in cognitive ageing 

in older adults more than when having each component alone (Klímová, B., et.al, 2018, 

Dhana, K., et.al, 2020 & Weng, P. H., et.al, 2018).  

The bivariate analysis showed that participants with cognitive decline were 

significantly older and this is well established in the literature. In fact, it was shown that 

cognitive deterioration increases through age due to biological changes that occur in the 
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brain at a later stage (Murman, D. L., 2015). Also, cognitively declining participants had 

a lower level of education compared to cognitively normal participants. This result is in 

line with a recently published study that has shown that having higher years of education 

decreases the rate of cognitive decline. Thus, education can be considered as one of the 

factors that preserves cognition (Clouston, S. A., et.al 2020).  

Regarding marital status, several studies have shown that married older adults are 

at a lower risk of cognitive decline (Liu, H., et.al, 2019); nonetheless, we did not observe 

any significant difference between marital status and cognition. These results are similar 

to those of Xu et al., (2020) where the authors didn’t observe a significant association 

between widowed participants and the risk of cognitive decline after adjusting for several 

confounding variables compared to the married participants (Xu, P. R., et.al, 2020). One 

possible explanation could be due to the high percentage of widowed participants who 

live with a partner (76.4%) in our sample; thus, we hypothesize that these participants 

live with their children or relatives and are receiving similar support and care to those 

who are married. In fact, this was shown in a longitudinal study done in several European 

countries that observed that older adults living with a partner (spouse, relatives or 

children) have better cognitive function compared to those living alone (Mazzuco, S., 

et.al, 2017). Furthermore, the Alzheimer’s disease Association identified loneliness and 

social isolation as risk factors for cognitive impairment affecting mental health and 

cognition (ADA, 2020).   

Concerning the clinical characteristics of our sample, we observed that 

cognitively declining participants had a significantly higher prevalence of diabetes and 

this result is in line with the established evidence about the effect of diabetes on the brain 

(Biessels, G. J., et.al, 2018 & Zilliox, L. A., et.al, 2016). Studies have shown that this 

effect could be due to the inflammation and high amount of beta-amyloid protein that 

causes damage to the brain cells (ADA, 2019). Thus, diabetic patients might be at a higher 

risk of cognitive decline (Zilliox, L. A., et.al, 2016). Moreover, in our study we were not 

able to specify the number of medications consumed by the older adults, but we found 

out that participants with cognitive decline were significantly more likely to take 

medications compared to the ones with no cognitive decline. In fact, studies have shown 

that medications could play a role in the prevalence of cognitive decline by damaging the 
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brain acetylcholine receptors and causing an imbalance of neurotransmitters in the brain; 

thus, accelerating the risk of cognitive deterioration (Shinohara, M., et.al, 2016, Naveed 

Saleh, 2020 & Saljoughian, M., 2019). Nevertheless, there was no significant difference 

for the prevalence of hypertension, stroke, and heart trouble between cognitively declined 

compared to non-cognitively declined participants. This could be due to the high 

prevalence of the aforementioned diseases in older adults as they age (Walker, K. A, et.al, 

2017, Johansen, M. C., et.al, 2020 & Srithumsuk, W., et.al, 2020). As for depression, 

there was also no significant association between its prevalence and cognition while other 

studies have shown that patients with cognitive impairment have a higher prevalence of 

depression (Danna, S. M., et.al, 2016, Lee, C. H., et.al, 2019 & Helvik, A. S., et.al, 2019) 

and these results might be due to the reverse causation where older adults who are 

diagnosed with cognitive decline might develop depression; thus discrepancies in results 

might occur (Nafilyan, V., et.al, 2021).    

In addition, participants with cognitive decline in our study had a significant lower 

mean score of social activity. For instance, a longitudinal study done on South Korean 

has shown that engaging in social activities improves cognitive function especially in 

females (Lee, H. J., et.al, 2020). In our study, social activity that was assessed using three 

main social assessment categories (as mentioned earlier in the confounding variable 

section) was shown to be associated with cognitive decline and this result was consistent 

with other studies (Hwang, J., et.al, 2018, Su, X., et.al, 2018 & Lee, S. H., et.al, 2016). 

Interestingly, one longitudinal study of 4-years of follow up have found out that Korean 

older adults integrating in clubs for senior citizens had the greatest reduction in the risk 

of cognitive impairment when compared to other participants who did not engage in this 

type of social activity and this could be explained by the ability of these older adults to 

express or communicate their feelings and emotions more when they were around people 

with their age group (Lee, S. H., et.al, 2016). Nonetheless, in our study we didn’t identify 

which type of social activity is more effective in delaying cognitive decline, but we were 

able to show that older adults who were socially active had lower prevalence of cognitive 

delay and this was established in the literature (Li, J., et.al 2019).  
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Although the results of the three cognitive tools were not consistent, our study has 

several strengths. First, we used three validated methods to measure cognitive status 

(RUDAS, IQCODE and 10/66 DRG) and compared the effect of these methods on 

cognitive condition. This is important as the validation process took into consideration 

the low education level of the Lebanese population and therefore strengthening our 

observations. Second, a large sample was recruited from several areas in Lebanon 

especially Beirut and Mount Lebanon where a high percentage of the Lebanese reside in 

these two areas (36.7% and 30.1% respectively), thus increasing the generalizability of 

our results. In addition, to our knowledge, this study is among the first ones to assess the 

combination of healthy lifestyle factors and cognitive decline in general and particularly 

among the Lebanese population. Although more studies are still needed on this topic, our 

results are promising and following an HLI should be recommended as a general health 

advice among older adults. Finally, to overcome the low sample size in the extreme 

categories of the HLI-4 (1st and 4th), we performed sensitivity analyses where we divided 

the HLI into 3 categories based on statistical quartiles. The results of these analyses 

strengthened the initial observations, confirming that the HLI is correlated to a lower 

cognitive decline prevalence.  

Nonetheless, there are several limitations to this study. First of all, this is an 

observational cross-sectional study that restricts the detection of a cause-effect 

relationship between the healthy lifestyle factors and cognitive status. Second, the aim of 

the original study did not include specific dietary objectives hence the dietary intake was 

assessed by general questions asking if participants were meeting the recommended 

dietary intakes not assessed via a validated questionnaire like the semi-quantitative food 

frequency questionnaires or 24-hr dietary recall. Therefore, this limits the validity and the 

accuracy of the calculated diet score although we followed the WHO recommendations. 

Also, it limited our ability to investigate the dietary patterns and eating behaviors of this 

population. Third, the type of alcohol was not assessed, and we only assessed the number 

of drinks as it was evaluated in Koch, M., et.al, 2019 study. More studies should focus on 

the effect of different types of alcohol on cognition because studies have shown that 

different types of alcohol like wine and beer might have different effects on cognitive 

decline (Handing, E. P., et.al, 2015). Fourth, some of the data were self-reported so there 
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might be over or under estimation of the information given due to social desirability. 

These include dietary intake, alcohol consumption, smoking status, and physical activity. 

For instance, participants are more likely to over report their fruits and vegetables intake 

and their physical activity due to social desirability. On the other hand, they are more 

likely to under report their smoking status to be perceived as being healthy and alcohol 

consumption due to religious and cultural reasons. This misreporting might affect the 

categorization of the participants in the HLI, putting them in higher categories than their 

actual adherence to HLI. This would affect the results by inflating the number of 

participants classified as highly adherent to the HLI. In the current study, the majority of 

our participants were classified into the middle category and therefore misreporting might 

not have tremendously affected our results. Nevertheless, one cannot exclude this bias. 

Fifth, the cut-off points of the HLI were chosen based on statistical quartiles, thus making 

them very specific to our sample and therefore limiting their generalizability. This is 

particularly important to mention as significant correlations were observed using this 

categorization and with the RUDAS only. Nevertheless, in general one can speculate that 

a higher adherence to HLI is beneficial while future research is needed to identify 

universal cut-off points where maximal protection against cognitive decline, if any, is 

conferred. Furthermore, as previously mentioned, the RUDAS has shown low sensitivity 

and specificity among the Lebanse population. Therefore, our results should be 

interpreted with caution. Last but not least, the association between HLI and cognitive 

decline is based on scores so the results might be affected by the weight given to each 

factor (Flöel, A., et.al, 2008).   
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Chapter Seven 
 

Conclusion  
As a conclusion, this study presents the effect of healthy lifestyle index on 

cognition. The healthy lifestyle factors which include following a healthy diet, having a 

normal BMI for older adults, never smoking, having moderate alcohol consumption and 

being physically active can be effective in decreasing cognitive decline prevalence. We 

showed that this cognitive decline can be reduced at its early stages as it was shown when 

using RUDAS; nevertheless, it is not effective after the onset of the dementia disease.  

Also, age, education, medications, and social activity might be modifiable risk factors of 

cognitive health. In addition, all of the healthy lifestyle factors were significantly 

associated with cognition as it was shown in the literature except for BMI and that was 

explained by the fact that a high percentage of our sample were in the healthy BMI range. 

Nevertheless, the combination of these healthy lifestyle was effective in reducing the 

prevalence of cognitive decline more than when focusing on each factor alone. In 

addition, our results showed that participants with a better adherence of healthy lifestyle 

were less likely to have a higher prevalence of cognitive decline. These results were 

consistent with previous studies; thus, more awareness should be raised concerning 

following a healthy lifestyle in older adults. Nevertheless, as previously mentioned, our 

results should be interpreted with caution. In fact, future studies should be done in 

Lebanon while taking into consideration all the identified limitations to support these 

results in order to initiate recommendations for non-therapeutic interventions and avoid 

the several negative consequences of cognitive impairment. Knowing that Lebanon is one 

of the countries that rank high in dementia, this study might be one of the steps that will 

shed lights on the importance of following a healthy lifestyle and thus, as a future step, 

the focus should be on decreasing the prevalence of this disease.  
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