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ABSTRACT 
OF THE THESIS OFOF THE THESIS OF 

 
Ahmed Ali Al-Madhwahi  for  Master of Science 
       Major: Epidemiology  
 
 
Title: The Association Between Cognitive Decline and Fall in Elderly Adults  
 
Background: Falls are a leading cause of morbidity among older adults and constitute a 
growing public health concern, particularly in low- and middle-income countries. 
Evidence linking mild cognitive impairment and falls remains inconsistent, and studies 
examining domain-specific cognitive function in Middle Eastern populations are scarce. 
 
Objectives: This study aimed to estimate the frequency of falls among community-
dwelling older adults in Lebanon and to examine the association between individual 
cognitive domains and global cognition with the occurrence of falls among older adults. 
 
Methods: Data were obtained from a population-based Lebanon Study on Ageing and 
Health (LSAHA) for Lebanese adults residing in Beirut and Zahle, aged ≥ 60 years, where 
falls were self-reported during the recall period (two years). Confirmatory factor analysis 
was used to generate standardized latent scores for language, executive function, 
memory, orientation, and global cognition, followed by weighted logistic regression 
models adjusting for sociodemographic, functional, and health-related covariates.  
 
Results: Out of the 2,899 participants in this study, 43% (weighted percent) reported at 
least one fall in the past two years, 40.6% of which experienced a bone or joint fracture. 
Falls occurred more frequently among females and individuals with functional 
limitations. Although higher cognitive domain scores were associated with lower odds of 
falling in unadjusted models, no cognitive domain or global cognition model remained 
statistically significant (p-value < 0.05) after adjustment. However, increased age (OR= 
1.02, p-value= 0.01), female sex (OR= 1.35, p-value= 0.01), and difficulty walking for 
30 minutes (OR= 1.39, p-value= 0.01) were consistently associated with fall risk. 
 
Conclusion: Falls were highly prevalent among Lebanese older adults, highlighting an 
urgent need for targeted prevention and mitigation strategies. Although mild cognitive 
impairment was not independently associated with falls after adjustment, this may be due 
to the way falls were measured and the type of cognitive tests that were included, 
underscoring the need for better measurement structures in future studies. Furthermore, 
physical function and sociodemographic factors appear to play a more proximal role, 
suggesting that interventions focusing on mobility and functional capacity may be most 
effective. Additional work is needed to assess the role of mild cognitive impairment in 
modifying fall risk at each level of physical function.  
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CHAPTER 1 

BACKGROUND AND PROBLEM STATEMENT 

 

Falls represents a salient health concern, particularly among older adults, with an 

estimated 684,000 deaths occurring global every year. Falls constitute the 17th and 25th 

leading global causes of age-standardized disability adjusted life years (DALYs) for men 

and women above the age of 70, respectively(1). A fall occurs when an individual 

inadvertently comes to rest on the ground or lower level(2). Although most falls are non-

fatal, they represent the second leading cause of unintentional death, globally(2). Falls 

further impose a significant economic burden; although studies are scarce, an estimated 

$50 billion dollars has been attributed to fatal and non-fatal falls in the United States(3).  

Low- and middle-income countries (LMICs) are most affected by falls, 

accounting for approximately 80% of global fall-related injuries (1). This fall burden 

takes a big toll on the older adult population and health care systems alike, and are further 

exacerbated by the limited access to health care services, once older adults exit the 

workforce (4). In the Eastern Mediterranean Region (EMR), which hosts several LMICs, 

falls represent the second leading cause of death for those aged 70 and above; they 

account for nearly 42.5 deaths per 100,000 population (4).  

A high fall burden is observed in Lebanon, an upper-middle-income country in 

the EMR. In one instance, fall prevalence was found to be 38.8% across all age groups 

(38.8%) in Beirut, with older adults being disproportionately affected, having a 

prevalence of 73.7% for those at or over 66 years (5). Individuals over 60 constituted 

15.4% of the Lebanese population in 2022 (6), potentially the highest among the Arab 
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countries (7). This high proportion of older adults is associated with increased 

vulnerability to falls and cognitive decline. Limited evidence from Lebanon suggested 

that the point prevalence of older adult falls ranges between 19.5% (8) and 21.9% (9), 

with most falls occurring at home, resulting in a 2% overall mortality (10).  

The studies conducted in Lebanon have focused on specific variables to explain 

the rates of falls among older adults. Falls were mostly attributed to factors including 

osteoporosis (10, 11), anticoagulant therapy (10), or lack of sufficient physical activity 

(11). While these factors require considerable attention, there is a clear need to examine 

the role of cognitive functioning- in particular: cognitive impairment or decline and its 

impact on increased falls.  

Falls are associated with a wide range of heterogenous risk factors, including age, 

sex, fear of falling, history of falls (12), balance (13), chronic diseases (e.g. hypertension) 

(14), self-rated health (15), and dementia (16), although the underlying mechanism 

(pathogenesis) for the latter remains poorly understood.  

Cognitive impairment (CI) refers to difficulties in an individual’s abilities to learn, 

think, make decisions, or use sound judgement. Clinical detection of CI requires 

determining the cognitive domains that have been impaired, which include memory, 

language, executive function, orientation, and visuospatial processing (17). Mild 

cognitive impairment (MCI) is a class of CIs that refers to individuals who have memory 

(amnestic MCI) or non-memory (non-amnestic MCI) cognitive deficits, which are not 

severe enough to constitute dementia (severe CI) (18). Individuals with CI perform poorly 

on certain cognitive tests, such as poor judgement, impaired visuospatial processing, and 

orientation among others, all of which could increase the risk of fall occurrence among 

older adults (19). Community-dwelling older adults with CI have been estimated to have 
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over twice the risk of experiencing a fall compared to those cognitively healthy (20). A 

suggested pathophysiological mechanism is that CI disrupts the proper functioning of the 

prefrontal cortex, a crucial component of dual-task walking and gait speed, making 

individuals more prone to falling (21, 22).  

There is a paucity of studies in the MENA region that have accounted for CI in 

fall-related literature. While global studies investigating the association between 

cognitive impairment and falls vary with respect to the cognitive domain being examined 

(23-25) (some assessed a single domain and others two or more), studies in the MENA 

region have usually operationalized CI as mild or severe, without examining particular 

cognitive domains. A prospective two-year study in Iran (26) and a cross-sectional study 

in Egypt (27) have relied on the Mini-Mental State Examination (MMSE) to categorize 

cognition thresholds, reporting no statistical significance, with physical measures such as 

the Timed Up and Go test (TUG) and ADL remaining significant predictors for fall 

occurrence, upon adjustment. However, a more recent study in Egypt (28) that 

incorporated a word-recall test as a proxy for cognitive function, as part of an extensive 

interview questionnaire, found it to be strongly associated with experiencing a fall upon 

adjusting for other variables. Similarly, a Saudi study (29) found memory loss to be 

associated with falling in univariate regression analysis (OR= 1.8) in a 12-month period. 

Another study assessing nation-wide fall risk and protective factors among older adults 

in Saudi Arabia (30) did not account for CI or use a proxy for it in its analysis. Despite 

the limited heterogeneous literature in the region, it is notable that a recent MENA-wide 

systematic review and meta-analysis (31) examining unintentional fall occurrence among 

older adults did not assess CI as a risk factor, nor did it include studies that have examined 

cognition in this context. Therefore, given the limited number of studies that have 
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examined five domains in tandem and the heterogenous nature of fall related literature in 

the region, further research using a larger number of validated cognitive tests is 

warranted. Furthermore, addressing these domains separately (i.e., five different 

parsimonious models) and combined might produce clinically informative insights, 

potentially leading to better fall pattern predictions in future studies.  

This study aims to investigate the association of each of the five cognitive 

functioning domains with experiencing falls among the older adults’ population in 

Lebanon. By employing an epidemiological approach, findings will contribute to a more 

nuanced understanding of role of cognitive health, a key public health concern in a rapidly 

aging society. Results may further inform policy formulation and guide public health 

interventions to reduce older adults falls in Lebanon and comparable contexts, accounting 

for unique sociodemographic and cultural settings, ultimately contributing to improved 

quality of care for the older adult population.  

 

1.1. Research Question  

What is the association between each of five cognitive domains (orientation, 

executive function, memory, visuospatial, and language) and experiencing of falls among 

older adults in Lebanon? 

 
1.2. Specific Objectives  

 To determine the prevalence of falls, their frequencies and related fractures among 

older adults in Lebanon. 

 To investigate the association between each of the 5 cognitive domains and 

occurrence of falls among older adults. 
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CHAPTER 2 

METHODS 

 

2.1. Study Design/Methodological Approach 

This study is a secondary cross-sectional analysis of baseline data from the 

Lebanon Study on Ageing and Health (LSAHA) (32), a prospective, population-based 

cohort study that assessed cognitive function and related personal, social, and behavioral 

health challenges in older adults aged 60 years or above in Beirut city (capital) and Zahle 

district (mostly rural), which were chosen for hosting a variety of sectarian and socio-

economic groups.  

The study recruited participants randomly through a multistage, gridded sampling 

design. Within randomly selected grids, all households were approached and older adults 

aged 60 and above were identified. Up to two older adults were chosen from eligible 

households. If a household had more than two eligible participants, two were randomly 

selected. The study comprised several components: informant interview over the phone; 

blood drawing; arthrometric measures (weight, balance, grip strength, height, walking 

speed, knee length); and face to face interviews. The face-to-face interviews consisted of 

collecting information on household level characteristics, mental health, social support, 

physical activity, care giving, and cognitive health.   

Out of the 3,027 participants selected in the parent study, 2,899 completed the fall 

related questions, which constitute the sample population for this study.  
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2.2. Concepts and Measures  

2.2.1. Falls 

Falls were self-reported and determined by asking respondents: “in the past two 

years, have you had a fall?” (“yes”, “no”), which represents the main outcome of this 

study. Follow up questions included the number of falls during this period (“1”, “2-3”, “4 

or more”), and whether they sustained a hip or other type of joint/bone injury as a result 

of falling (“yes”, “no”).  

 

2.2.2. Cognitive Function  

Cognitive function (CF) refers to mental processes that enable a person to learn, 

memorize, understand language, and reason, in addition to being spatially and temporally 

aware of their surroundings. CF was assessed using a standardized battery and divided 

into five domains based on existing literature (33): memory, language, executive 

function, orientation, and visuospatial ability. Tests were standardized and based on 

several scales. The main scales were derived from the 10/66 Dementia Working Group 

(DWG) diagnostic assessment, which has been validated among Lebanese older adults 

(34), and the Harmonized Cognitive Assessment Protocol (HCAP), designed  to allow for 

the harmonization of cognitive measures across different countries and to assess the 

impact of MCI now and in the future (35). The tests in the scales may be used to detect 

potential cognitive impairment or related cognitive issues; the higher an individual 

domain’s score, the higher is their level of cognition. For a detailed description of the 

tests included in this thesis, refer to Table 5 in the appendix. The characteristics of each 

domain’s tests are as follows:  
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2.2.2.1. Memory 

Memory was assessed using the immediate (short term) and delayed (long term) 

memory tests, derived from the CERAD 10-word list (36) and Brave Man (short 

narrative/story) (37) tests, respectively. Each test was administered twice to test 

immediate and recall working memory, providing an overall assessment of episodic 

memory function.  

 

2.2.2.2. Language 

Linguistic ability was evaluated based on verbal fluency and object naming. 

Verbal fluency consisted of the semantic fluency (animal naming) (36) and phonemic 

fluency (38) (letter fluency based on the letters B, F, M) tests. Object naming (39) was 

based on the participant’s ability to identify specific body parts (shoulder, elbow, 

knuckle) and common items (shoes, pencil).  

 

2.2.2.3. Executive Function 

Executive function (EF) was evaluated based on several tests. The Symbol Digit 

Modalities Test (SDMT) (40) and  the Symbol Cancellation Test (SCT) (41) were used 

to measure processing speed (which incorporates attention and visual scanning 

elements), while the Montreal Cognitive Assessment (MoCA) (42) measured 

abstraction (object similarities), through the bicycle-train and watch-ruler tests.  

 

2.2.2.4. Orientation 

Orientation was determined based on binary indicators belonging to orientation 

to time (day, month, year, season) (39) and orientation to space (town, street, address, 
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store) (39). These indicators reflect the participant’s overall spatial and temporal 

awareness. 

 

2.2.2.5. Visuospatial Ability  

Visuospatial ability was determined using one binary test (correct, incorrect): 

CERAD Constructional Praxis task- immediate (36, 43). Participants were asked to 

directly copy a geometric figure, a pentagon, by drawing it on a piece of paper. This test 

measures the ability to perceive depth and spatial relationships. 

 

2.3. Covariates  

Potential covariates included sociodemographic factors (age, sex, educational 

level, living area, marital status), health related variables (ability to walk for 30 minutes, 

activities of daily living- ADL, instrumental activities of daily living- IADL, hearing 

problems, chronic disease) and psychological issues. Age (60-69; 70-79; 80+) and 

educational level (primary or less, intermediate or secondary; university or higher) were 

categorized into 3 groups. Area comprised Beirut and Zahle. Marital status consisted of 

the categories currently married and not married (single, widow, divorced). Participants 

were asked if they experience difficulty walking for 30minutes, or carrying out ADL or 

IADL. Interviewers determined whether a participant had hearing difficulties while 

listening to the questions/instructions. Presence of chronic disease was determined if a 

participant had been diagnosed (self-reported) by a doctor to have heart failure, 

hypertension, diabetes, or asthma. Presence of psychological issues was determined if a 

participant had been diagnosed (self-reported) by a doctor to have depression, anxiety, or 

post-traumatic stress disorder (PTSD).  
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2.4. Statistical Analysis  

2.4.1. Descriptive Statistics  

Descriptive statistics (frequencies and percentages of sociodemographic and 

health variables) were generated to characterize the study population and to compare the 

socio-demographic characteristics between fallers and non-fallers. 

 

2.4.2. Sampling Weights  

Sampling weights were used to reduce selection bias and better represent the 

characteristics of the target population. They were calculated in the parent study (32) 

based on the inverse of the probability of selection at all stages of the sampling design, 

which were then adjusted for differential non-response at the Secondary Sampling Unit 

(SSU) and housing unit levels. The weights were then calibrated by age and sex, 

according to available population estimates. All statistical tests were based on the 

weighted samples.  

 

2.4.3. CFA Rationale  

Confirmatory Factor Analysis (CFA), a Structural Equation Modeling Technique 

(SEM), was employed to assess the measurement structure of cognitive test items and to 

produce domain-specific latent scores. CFA is particularly used in psychometric studies 

to verify the number of underlying dimensions (factors) in a given model and to produce 

factor loadings, which are correlation coefficients that demonstrate the strength of 

association between a latent construct (the cognitive domain, like language) and the 

observed variable (the test, like animal fluency) (44). Unlike Exploratory Factor Analysis 

(EFA), CFA requires that the researcher specifies a priori the set of observable variables 

(cognitive tests) and to which latent factor (cognitive domain) each variable will load on 
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to, based on the theory to be tested. The measurement theory needs to specify that all 

error variance terms are independent, meaning that cross loadings and error variance 

correlations are reduced to zero. The CFA will then test the degree to which the pre-

specified model represents the observed data (45).  

Of the five domains included in the cognitive batteries, four were incorporated 

into the generation of CFA scores. The visuospatial domain was excluded from the CFA 

analysis for including only two items (the circle and pentagon tests, making it under 

identified in a CFA model), though the pentagon test was retained for analysis as a 

separate binary test. Item selection in each of the four domains followed a structured and 

psychometrically guided approach. A total of 43 individual test items were initially 

available for selection, 26 of which were included in the final cognitive models (refer to 

T5 in the appendix). Items were assigned to a given domain based on the initial test design 

of the LSAHA study, which was based on established psychometric theory. For instance, 

categorizing the animal fluency test as belonging to the language domain. A few 

contextual questions- such as when a certain president was assassinated (memory 

domain)- were excluded a priori for parsimony and better comparability (with other 

literature) purposes.  

 

2.4.4. Model Specification and Fit 

In each domain, CFA models were specified and then iteratively evaluated. Items 

were kept if they had a factor loading ≥ 0.3, a threshold considered sufficient for minimal 

acceptance (45). If upon item removal a given model had poor fit, then items with the 

weakest factor loading would be removed in a step-wise fashion until an acceptable model 

fit was attained.  
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Fit statistic indices to assess absolute and relative model fit were: Comparative Fit 

Index (CFI), Tucker–Lewis Index (TLI), Root Mean Square Error of Approximation 

(RMSEA), and Standardized Root Mean Square Residual (SRMR). Models were 

considered to show good fit when both CFI and TLI were ≥ 0.95, SRMR ≤ 0.08, and 

RMSEA ≤ 0.06, as per recommended thresholds, noting that these indices ought to be 

evaluated holistically, rather than fixating on all cut-offs being met simultaneously (46).  

For better model fit, the language domain was split into the first-order factors 

knowledge and fluency, while orientation was split into the first-order factors place and 

time, each modeled as second-order factors. Executive function (EF) was divided into 

two first-order domains (abstraction and processing), as EF as a broad construct had poor 

model fit. Since the CERAD immediate and delayed recall tasks within the memory 

domain were expected to share method-specific variance (given they’re part of the same 

question material), correlated residuals were specified between them. This adjustment 

maintains the unidimensional (single order factor) latent structure for episodic memory. 

Global cognition was estimated through CFA by treating the four CFA domain scores as 

indicators for a higher order latent factor (global cognitive score). The global score model 

also accounted for clustering and relied on survey weights, since it integrates several 

separate domains and needs to determine relative scaling (the degree to which a given 

domain contributes to the model relative to the others). 

 

2.4.5. Generation of CFA Scores  

CFA was conducted to generate domain-specific latent scores. Scores were 

estimates using the weighted least squares mean- and variance-adjusted (WLSMV) 

estimator, which has proved to be a good estimator of categorical and ordinal test 
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indicators (none of the included tests was continuous) (47). Missing data was handled 

using the pairwise deletion (48) (lavaan code: missing = “pairwise) method, a weighted 

least square (WLS) approach that allows all available data to contribute to the CFA score 

generation. Latent factor scores were estimated using the regression method (lavaan 

package in R: lavPredict) and then standardized (mean= 0, standard deviation (SD) = 1), 

prior to including them in the logistic regression. 

 

2.4.6. Bivariate Analysis 

Bivariate analysis using the chi-square test (for categorical variable outcomes: fall 

and visuospatial) and simple linear regression (for continuous variable outcomes: the 5 

CFA models: language, EF, memory, orientation, global cognition) were applied where 

appropriate. Covariates included in the bivariate analysis were age, sex, educational level, 

area, marital status, ability to walk for 30 minutes, ADL, IADL, hearing difficulties, 

chronic disease, and psychological problems. 

 

2.4.7. Multivariable Analysis  

To test the association between the main outcome (experiencing a fall in the last 

two years) and the cognitive domains, multivariable logistic regression was conducted. 

Included covariates and confounders were based on evidence present in the literature and, 

subsequently, a generated parsimonious model with a p-value threshold of 0.2. Odds 

Ratios (ORs) of experiencing a fall in the past two years and its 95% confidence interval 

were generated for each cognitive domain. Model fit was tested for each logistic 

regression model using the Archer-Lemeshow test (as opposed to the Hosmer-Lemeshow 
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test, since the tests were run using weighted data) (49), with models having a p-value ≥ 

0.05 being retained (failing to reject the null hypothesis of good fit).  

Generated p-values that were less than 0.05 were considered to indicate a 

significant association. Four adjusted models were considered in the logistic regression 

analysis. M1 adjusted for age and sex; M2 adjusted for the covariates in M1, in addition 

to educational level and marital status; M3 adjusted for M2 and difficulty walking for 30 

minutes, ADL, IADL, and hearing difficulties; M4 adjusted for M3 and chronic disease.  

Analysis was conducted using STATA 18 and R version 2025.5.01.  

 

2.5. Ethical Considerations 

The parent study received ethical approval from AUB’s Institutional Review 

Board (IRB) (IRB ID: BIO-2023-0093). Since the data used for this secondary analysis 

is de-identified, this study was granted exempt status from IRB review (IRB ID: SBS-

2025-0209). 
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CHAPTER 3 

RESULTS 

 

The sample consisted of 2,899 participants. Selected socio- demographic 

variables and health characteristics, according to whether participants experienced a fall 

within a two-year period are presented in Table 1. The mean age was 70.5 years (SD= 

7.88). The sample consisted of 1,815 (54.7%) females, 1,356 (42.2%) individuals with a 

primary or less level of education, 1,746 (66%) who were married, and 1,456 (25.8%) of 

respondents resided in Zahle.  

A total of 1,246 (43%) experienced a fall in a two-year period, out of which 4.7% 

reported a hip fracture, while 40.6% reported other bone or joint fractures during the recall 

period (see T6, appendix). Among fallers, 50.9% had only one fall, 32.3% had two or 

three falls, and 16.7% had four or more falls. Testing the association between the reported 

covariates and falls, we found that age was significantly correlated with falls (χ2= 7.5, P 

< 0.001). Fall occurrence was higher among females (48.3%) and sex was significantly 

correlated with falls (χ2= 14.8, P < 0.001). Functional difficulties such as difficulty 

walking for 30 minutes, ADL, and IADL were significantly associated with experiencing 

a fall in the past two years (all p < 0.001). Chronic disease was found to be borderline 

non-significant (p= 0.05), while experiencing psychiatric problems was very significant 

(χ2= 21.5, P < 0.001).  
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Table 1: Demographic Characteristics of Older Adults Who Experienced a Fall in a Two-
Year Time Frame* 

 
 Fall Event in the Recall Period (2 years)  
Variable Overall (%) No Fall (%) 

N= 1,653, 
57% 

Fall  
N = 1,246, 
43 % 

p-Value 
(χ²)† 

Age (in years) <0.001 
60-69 1,497 (48.9) 904 (60.3) 593 (39.7)   
70-79 915 (32.3) 500 (54.4) 415 (45.6)   
80+ 386 (18.8) 189 (45.1) 197 (54.9)   
Sex  <0.001 
Male  1,084 (45.3) 682 (60.6) 402 (39.4)   
Female  1,815 (54.7) 971 (51.7) 844 (48.3)   
Education  0.12 
Primary or less 1,356 (42.2) 719 (52.5) 637 (47.5)   
Intermediate or 
secondary  

1,232 (43.5) 751 (57.7) 481 (42.3)   

University or higher  294 (14.3) 175 (59.5) 119 (40.5)   
Marital Status  0.001 
Currently Married  1,746 (66) 1,067 (58.8) 679 (41.2)   
Not married  1,150 (34)   584 (49.9) 566 (50.1)  
Area 0.22 
Beirut  1,443 (74.2) 784 (54.9) 659 (45.1)   
Zahle  1,456 (25.8) 869 (58.3) 587 (41.7)   
Difficulty walking for 30 minutes <0.001 
Yes 1,098 (37.8)   530 (47.9) 568 (52.1)   
No 1,698 (62.2) 1,071 (60.8) 627 (39.2)   
Activities of Daily Living (ADL) <0.001 
Yes 322 (10.8)   129 (40.3)   193 (59.7)   
No 2,517 (89.2) 1,492 (57.9) 1,025 (42.1)   
Instrumental Activities of Daily Living (IADL) <0.001  
Yes 423 (14.7)   162 (40.5) 261 (59.5)   
No 2,413 (85.3) 1,457 (58.7) 956 (41.3)   
Hearing Problems  0.13 
Yes 358 (11.8) 195 (50.9) 163 (49.1)   
No 2541 (88.2) 1,458 (56.5) 1,083 (43.5)   
Chronic Disease (heart failure, hypertension, diabetes, or asthma) 0.05 
≥1 1,993 (69.7) 1,105 (54.2) 888 (45.8)   
No 882 (30.3)   536 (59.4) 346 (40.6)  
Psychiatric Conditions (depression or anxiety or PTSD)  <0.001 
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Yes  364 (12.6)   158 (40.9)   206 (59.1)   
No 2,519 (87.4) 1,491 (58.1) 1,028 (41.9)   

*Percentages reported in the table are weighted.  
†Design-adjusted Pearson χ² (accounts for weights and clustering) 
 

3.1. CFA Models  

Figures 1-5 show the CFA paths for language, executive function, memory, 

orientation, and global cognition. Blue and green circles indicate second and first order 

latent factors, respectively, while yellow rectangles represent the indicators used in the 

model. One-headed arrows represent factor loadings, while two-headed arrows show the 

degree of covariance between two constructs (figure 2) or indicators (figure 3). A loading 

> 0.7 is considered strong for interpretability, as it means that the factor explains 50% 

(square root of 0.5) of the observed variable.  

To generate domain scores and specify latent domain scores for four cognitive 

domains and global cognition, CFA was used. Hierarchical measurement structures 

(second-order latent constructs) were specified for language and orientation. Memory and 

global cognition were modeled as first-order latent constructs, whereas executive function 

was modeled as two correlated first order constructs (the executive function construct 

was inserted in figure 2 for visual clarity, but was not involved in the statistical output of 

the model). 

Language was composed of the sub-domains knowledge and fluency, with 

indicators showing moderate (animal fluency, λ = 0.58) to very strong (shoulder, λ = 0.92) 

standardized factor loadings. Orientation composed the sub-domains place and time, with 

indicators showing moderate (day, λ = 0.58) to strong loadings (address, λ = 0.81).  

Story tests had somewhat weak loadings on memory (λ = 0.39, 0.48), while the 

immediate and recall memory tests demonstrated overall strong factor loadings (λ = 0.74 

to 0.87). In the correlated executive function constructs, the MoCA test train/bicycle) 
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loaded strongly on abstraction (λ = 0.92), while both SCT (λ = 0.76) and SDMT (λ = 

0.78) test scores had moderately strong loadings. Orientation loaded moderately on global 

cognition, with remaining domains loading strongly (λ = 0.71 to 073). 

 

 
Figure 1: Language CFA Path 

 

 
Figure 2: Executive Function CFA Path 
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Figure 3: Orientation CFA Path 

 

 
Figure 4: Memory CFA Path 
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Figure 5: Global Cognition CFA Path 

 

3.2. CFA Fit Indices  

Table 2 shows the fit indices of the models presented in figures 1 to 5. Relative 

model fit (CFI and TLI) was > 0.95 and absolute model fit (RMSEA and SRMR) was ≤ 

0.05 for each model, which indicate excellent overall fit.  

 

Table 2: Summary of CFA Fit Indices 

Domain CFI TLI RMSEA SRMR 
Language 1.0 1.0 0.0 0.042 
Executive 
Function  

1.0 1.0 0.0 0.006 

Memory 0.998 0.998 0.049 0.023 
Orientation 0.999 0.998 0.007 0.050 
Global 
Cognition 

0.998 0.994 0.023 0.009 

 

3.3. Logistic Regression Models   

Testing the association between each cognitive domain and the occurrence of 

older adult falls showed consistent results across the adjusted models (table 3). In 

unadjusted models, higher cognitive scores across all domains were significantly 

associated (p < 0.05) with a decreased risk of falling, with odds ratios ranging between 
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0.79 and 0.90. Adjusting for age and sex (model 1), only language (OR= 0.87, 95% CI: 

0.77-0.97) and global cognition (OR= 0.86, 95% CI: 0.76-0.98) remained significant, 

while EF was borderline non-significant (OR= 0.9, 95% CI: 0.80-1.01). Further model 

adjustment, however, removed all statistical significance. Nonetheless, most domain ORs 

remained relatively stable across models. The odds ratio of orientation was 1.0 in models 

3 and 4, indicating that having a higher orientation score has no effect on the risk of 

falling. Remaining domain and global cognition ORs indicate that having a higher 

cognitive score is associated with a reduced risk of falling among older adults, though 

statistically insignificant. 
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Table 3: Summary of Cognitive Domain Logistic Regression Models 

Fall in a Two-Year Time Frame  
 Unadjusted Model   Model 1* Model 2*† Model 3* Model 4*† 

Domain OR (95% CI) p-value OR (95% 
CI) 

p-value OR (95% CI) p-
value 

OR (95% CI) SE p-
value 

OR (95% CI) SE p-value 

Language 0.82 (0.73-
0.92) 

0.001 0.87 (0.77-
0.97) 

0.014 0.89 (0.79-
1.02) 

0.085 0.90 (0.79-
1.04) 

0.06 0.15 0.90 (0.79-
1.04) 

0.06 0.15 

Executive 
Function  

0.84 (0.75-
0.94) 

0.003 0.90 (0.80-
1.01) 

0.083 0.94 (0.84-
1.06) 

0.345 0.97 (0.86-
1.01) 

0.06 0.595      

Memory 0.86 (0.77-
0.97) 

0.013 0.92 (0.82-
1.03) 

0.161 0.96 (0.85-
1.09) 

0.562 0.99 (0.86-
1.13) 

0.07 0.866      

Orientation  0.90 (0.82-
0.99)  

0.037 0.97 (0.88-
1.07) 

0.558 1.0 (0.90-
1.10) 

0.949 1.01 (0.90-
1.12) 

0.05 0.85 1.01 (0.91-
1.12) 

0.05 0.88 

Visuospatial 
(ref: 
correct) 

0.81 (0.66-
0.98) 

0.03 0.88 (0.72-
1.07) 

0.21 0.95 (0.77-
1.16) 

0.623 0.96 (0.79-
1.18) 

0.09 0.729      

Global 
Cognition  

0.79 (0.69, 
0.90) 

<0.001 0.86 (0.76, 
0.98) 

0.02 0.90 (0.78, 
1.04) 

0.167 0.93 (0.79, 
1.09) 

0.08 0.365 0.92 (0.79, 
1.08) 

0.08 0.336 

*Model (M) 1 adjusted for age and sex; M2 adjusted for M1 educational level and marital status; M3 adjusted for M2 and difficulty 
walking for 30 minutes, ADL, IADL, and hearing difficulties; M4 adjusted for M3 and chronic disease.  
†Area and psychiatric conditions were not adjusted for because they were excluded in the bivariate analysis (p>0.2 with each of the 
cognitive domains).  
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While the primary objective of this study was to examine the association between 

cognitive function and falls among older adults, table 4 presents a multivariable model 

that includes the covariates adjusted for in Model 4 (Table 3). Global cognition was taken 

as a representative cognitive measure, since it retains items present in other domains, with 

the model yielding comparable associations when substituting global cognition for 

individual domains. Predictors significantly associated (p= 0.01, each) with falls were 

increased age (OR= 1.02), being female (OR= 1.35), and difficulty walking for 30 

minutes (OR= 1.39).  

 

Table 4: Multivariable Logistic Regression of Risk Factors for Falling Over the Course of Two 
Years 

 
Fall in the Past Two Years  

 Variable  Odds ratio (95% CI) SE p-value 

Global Cognition * 0.92 (0.79, 1.09) 0.08 0.34 

Age  1.02 (1.01, 1.04) 0.01 0.01 

Sex  
Female 1.35 (1.08, 1.69) 0.16 0.01 

Educational Level  
Intermediate or 
secondary 

0.99 (0.76, 1.28) 0.13 0.94 

University or higher 0.95 (0.64, 1.41) 0.19 0.78 

Marital Status 



 

 30

Currently Married 0.86 (0.68, 1.10) 0.11 0.24 

Difficulty walking for 30 minutes  
Yes 1.39 (1.10, 1.79) 0.09 0.01 

Activates of Daily Living (ADL) 
Yes 1.33 (0.91, 1.10) 0.15 0.14 

Instrumental Activities of Daily Living (IADL) 
Yes 1.33 (0.85, 1.18) 0.17 0.21 

Difficulty Hearing Words 
Yes 1.08 (0.80, 1.46) 0.17 0.62 

Chronic Disease  

≥1 disease 1.11 (0.87, 1.41) 0.14 0.4 

*Considered to be representative of other cognitive domains, for the purposes of this 
table 
 

Figure 6 visually summarizes the results reported in table 3, allowing for easier 

interpretability of effect sizes across the cognitive domains. The visuospatial domain 

consistently exhibited relatively wider confidence intervals (95%), indicating lower 

precision in the estimated associations. 
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Figure 6: Forest Plot of Associations Between Cognitive Domains and Experiencing a Fall Over a Two−Year Period (filled points indicate 
p<0.05) 

*Model (M) 1 adjusted for age and sex; Model 2 adjusted for M1, educational level and marital status; Model 3 adjusted for M1, M2, difficulty 
walking for 30 minutes, ADL, IADL, and hearing difficulties; Model 4 adjusted for M3 and chronic diseas
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CHAPTER 4 

DISCUSSION AND CONCLUSION  

 
This study estimated the frequency of falling among a sample of community-

dwelling Lebanese older adults and explored the association between individual cognitive 

domains and fall occurrence among them. Upon model adjustments, increased age, 

female sex, and reduced physical function were statistically correlated with falls, while 

cognitive function was not. To our knowledge this is the first study to investigate the 

association between domain-specific cognitive functions and fall occurrence in a 

Lebanese population, potentially informing future fall risk studies and prevention policies 

Contrary to my hypothesis, although higher cognitive function was associated 

with reduced odds of falling in the unadjusted models, no statistically significant 

associations remained in the multivariable analysis for any individual domain.  

 

4.1. Fall Prevalence, Socio-demographic Correlates, and Attenuation of Cognitive 

Significance 

The weighted point prevalence of falls over a two-year period in this study is 

comparable to the pooled prevalence of older adult falls (one or more falls per year) in 

the MENA region, estimated at 17.6% (size weighted average) (31). This is an alarming 

percentage that represents a serious public health concern and highlights the need for 

national surveillance.  

The distribution of injurious falls in the fall frequency categories (T6, appendix) 

revealed clinically meaningful trends. While a relatively small percentage experienced a 

hip fracture, a meaningful difference was observed in other skeletal injuries. Specifically, 
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recurrent fallers accounted for nearly double the proportion of those who experienced a 

single injurious fall. These findings indicate that within the Lebanese context, recurrent 

falls may represent a leading cause of non-hip skeletal injuries, highlighting the need for 

targeted interventions among repeat fallers.  

Increased age and being female remained strong predictors of falls across models, 

consistent with global findings(12). This may be due to women experiencing greater loss 

in their bone mass density as they age, compared to men, with the greatest deterioration 

in balance and gait usually occurring after 60 for men and 70 for women (50). These 

findings highlight the need to address the health needs of older women when developing 

fall prevention strategies and policies. The strong significance of these variables across 

studies partially explains the lack of significance that occurred for the four domains (EF, 

memory, orientation, and visuospatial).  

The association of the language domain and global cognition with fall occurrence 

was removed upon the addition of educational level and marital status. This is partly 

explained by the strong association that low educational status (51) and being widowed 

or single (52)  have with fall risk among older adults. This is possibly due to the lack of 

resources to learn about fall prevention measures (53) in the former case, and the lack of 

social support in the latter (54). Although neither was statistically significant in our 

sample, it seems that both were confounders. Lack of daily activity, particularly walking, 

also increases the risk of falling (55), probably due to sarcopenia (56, 57).This is probably 

why those who were unable to walk for 30 minutes per day are at risk of falling, as they’re 

unable to meet the number of steps needed to potentially prevent a fall by being physically 

fit. 
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4.2. Contextualizing Null Findings 

The lack of association between mild cognitive impairment and falls is consistent 

with several studies that found weak or null statistical significance. For instance, a study 

(58) reported that cognitive impairment was not directly correlated with falling. Instead, 

it was a predictor of physical performance, a potential mediating factor. Similarly, verbal 

fluency (language domain) and EF were also not significant in a six-year prospective 

study (59), where only sex and history of falls were statistically significant predictors. A 

recent study (60) found that the MMSE and trail-making test (TMT-B), were not 

associated with falling in multivariable models, alluding to the higher significance of 

physical fitness measures. These findings may be due to higher EF and memory domain 

scores being associated with preventing a decline in gait speed, thus decreasing the risk 

of falling (61).  

Although the findings presented are comparable elsewhere, other studies have 

reported an association between specific cognitive domains and fall risk or occurrence. 

In particular, a systematic review (62) found that processing speed (a sub-type of EF) is 

the most consistent cognitive predictor of falls, based on a meta-analysis of 19 studies. 

The authors of the review also noted, unexpectedly, that visual perception (visuospatial 

domain) wasn’t statistically significant in six of the included studies, as it would be 

expected to play an integral role maintaining balance and avoiding falls.  

It seems likely that cognitive measures that have been frequently used do not 

capture fall risk measures well, as may be the case in this study, in addition to the way 

fall was measured. Two systematic reviews (20, 63) note that the way in which cognitive 

impairment or cognitive frailty (being physically frail while having MCI) is defined and 

assessed is essential for fall detection, with the MMSE being a particularly good measure 
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for detecting fall risk. A study using MMSE  was previously mentioned as having a null 

finding (60), but this may be due to the way a fall was measured: asking participants if 

they’ve experienced a fall in the past year. Similarly, a study conducted in Brazil 

measured falls in the same way and observed no statistical significance with CI upon 

accounting for age, sex, education, and BMI, though CI was linked with increased 

hospitalizations (64). In contrast, participants who were prospectively followed over a 

single year had a 20% (rate ratio= 1.2) risk of falling for each unit decrease on the MMSE 

questionnaire, across scores ranging from 22-29. This was assessed using negative 

binomial regression with a log link function (65).  

Had falls been prospectively measured based on discrete counts, and different 

cognitive tests included as predictors (TMT-B and incorporating MMSE in its entirety), 

it’s possible that our study and others would have detected statistical significance. It’s 

also not clear whether a given domain is independently correlated with falls, or is instead 

mediated by another variable. If it’s the latter, then it would further highlight the 

importance of proximal predictors, such as physical function, in predicting fall risk. This 

will probably require, among other adjustments, performing mediation analysis based on 

the participants’ fitness level to identify the role of cognition as a mediator on the causal 

pathway of falls. However, given the potential role of physical function on the causal 

pathway between cognitive impairment and falling, it may also be recommended that the 

researcher does not adjust for these measures at all.  

 

4.3. Strengths and Limitations  

An important strength of this study is its use of confirmatory factor analysis based 

on validated tests, likely resulting in more precise and reliable domain scores, as opposed 
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to relying on individual test scores. Modeling CFA latent factors was based on multiple 

indicators and produced a clear representation of cognitive domains, allowing us to detect 

potential effects across different tests. The inclusion of several cognitive scales also 

reduces evaluation bias. To our knowledge, this is one of the first studies to apply CFA 

in the context of cognition and older adult falls. Other strengths include the study’s 

relatively large sample size (n= 2,899), the use of weighted analyses, and the adherence 

to a theory-driven sequential modeling strategy, adjustment, and fit.   

This study has several limitations. First, being a cross-sectional study, it limits the 

ability to make any causal inferences. Given that only two Lebanese areas were included 

(Beirut and Zahle), generalizability may be limited. However, since these two areas have 

diverse population characteristics, they might be a good representation of the overall 

Lebanese population. Because falls were self-reported, the answers are subject to recall 

bias, and those who are cognitively impaired may fail to correctly recall if they’ve 

experienced a fall. During the recruitment stage of the LSAHA study, participants were 

asked to read the consent form and complete a brief Decision Competency Test (DCT), 

which assessed their understanding of the study’s objectives and scope. Those who failed 

the test were excluded. Although few in number (n= 159), this means that, potentially, 

severely cognitively impaired individuals who have a higher risk of falling were excluded 

from the study, limiting researchers to only measure MCI. Some participants did not 

consent to undergoing certain physical fitness tests, such as grip strength. This may 

constitute selection bias, as these participants may have a higher risk of experiencing a 

fall. Another potential source of selection bias stems from the exclusion of participants 

who didn’t respond to the fall-related questions. However, this is mitigated by this study’s 

high response rate, retaining 96% of the total sample. The value of 1 that is reported in 
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some of the fit indices potentially indicates overfitting, meaning the models may require 

further improvement. There is also a discrepancy in terms of the number of included items 

in each generated CFA model, due to the way tests were distributed in the parent study. 

Thus, some models may be more comprehensive, relative to others. However, neither is 

likely to have contributed to the null findings, since testing the association using 

individual tests did not show meaningfully different results in terms of the ORs (though 

the CFA models had more precise CIs) and p-values, and all CFA models had good 

overall fit. Potential confounders, such as medication use (polypharmacy), osteoporosis, 

and other fitness measures were not accounted due to sample size limitations or lack of 

information, an inherent limitation of secondary analysis. This may have introduced 

residual confounding in the presented models. Nonetheless, given the associations were 

completely explained by the socio-demographic variables, the effect is limited.  

4.4 Recommendations  

Future epidemiological or clinical studies may investigate the mechanisms by 

which different cognitive domains impact different facets of physical performance. Given 

the limited spatial area of this study, future Lebanese studies should aim to estimate the 

prevalence rate of falls in the population from a nationally representative sample, in 

addition to investigating the health care sector’s costs as a result. Included fall related 

questions may cover a shorter time frame (e.g., 3, 6, 12 months), record fall occurrence 

prospectively, compare injury severity between fallers and non-fallers, and explore other 

risk factors that may be specific to the Lebanese context.  

Although the effect size reported in the literature is small, the WHO strongly 

recommends screening for cognitive impairment to prevent falls among older adults (66), 

especially as the evidence base continues to grow, with results beginning to show a 
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pattern. In fall related contexts, relying on the MMSE or specific cognitive measures, 

such as the TMT-B, is recommended for assessing the role of cognition as a mediator for 

fall status.  

Physical fitness measures, like grip strength, were excluded from this study 

because of lower response rates, compared to the included predictors, partially due to the 

data collection being intensive, given its length. Therefore, prospective studies may 

consider dividing the collection process into several sessions to reduce responder fatigue, 

potentially improving data completeness and accuracy. Stratifying participants based on 

their physical fitness level may fill existing gaps by clarifying the role of cognitive 

function as a mediator on the causal pathway of fall occurrence.  

4.5. Conclusion  

 
The magnitude of falls reported in this study confirms its public health importance 

among community-dwelling older adults, which necessitates targeted interventions to 

prevent or reduce fall occurrence. In multivariable analyses, age, sex, and difficulty 

walking for 30 minutes were significantly associated with fall risk over a two-year period. 

Although risks associated with age and sex are inherent, incorporating regular physical 

activity may reduce fall occurrence in the future. Unexpectedly, our hypothesis that at 

least one cognitive domain is a risk factor for falls was not confirmed. However, this does 

not eliminate its potential association or role in the causal pathway, given the limitations 

of this study. Future studies ought to account for this study’s recommendations and 

limitations, specifically concerning how falls and cognition should be measured. For fall 

researchers, incorporating a cognitive component may add an important dimension to 

prevention and mitigation measures. Therefore, public health specialists and healthcare 

providers working with older adults or on injury prevention need to address this issue by 
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better utilizing health services and reducing healthcare costs, as falls are associated with 

a reduced quality of life and economic burden. Encouragingly, there is growing 

recognition of older adult falls as a public health issue, with universities and hospitals 

integrating injury prevention programs into academic (e.g., MENA-PAIR program) and 

medical curricula.  
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APPENDIX 1 
 

CHARACTERISTICS OF COGNITIVE TESTS USED  
 

 
 
 

Table 5: Characteristics of Included Cognitive Tests 

Domain Test (T)/Indicator (I) Description  Mean/Proportion SD Range (of 
sample results) 

Memory  CERAD-10 Word 
list- Immediate  
T 

Respondents were asked to list 10 words 
that were read out by the interviewer. Each 
respondents had three trials 

14.88 5.1 0–27 

CERAD-10 Word 
list- Delayed  
T 

A single trial test where respondents were 
asked to recall as many words as they could 
from the CERAD- 10 Word Immediate test. 

4.22 2.3 0–10 

Brave man- 
Immediate  
T  

A story was read out to participants. Score 
was based on how many story points were 
recalled  

4.45 1.43 0–6 

Brave man- Delayed 
T   

Respondents were asked to recall as many 
story points as they could from the Brave 
man- Immediate test  

3.89 1.89 0–6 

 
 

Animal Fluency 
T   

Participants were asked to name as many 
different animals as they could 

14.19 5.36 0–40 
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Language  

Verbal Fluency 
(Letter M)  
T  

Participants were asked to name as many 
words as they could that start with the letter 
M 

6.22 4.2 0 to 24 

Verbal Fluency 
(Letter F)  
T  

Participants were asked to name as many 
words as they could that start with the letter 
F 

4.82 3.08 0 to 18 

Verbal Fluency 
(Letter B) 
T 

Participants were asked to name as many 
words as they could that start with the letter 
B 

6.14 3.48 0 to 20 

Object Naming-
Shoulder 
I   

Interviewers pointed to specific objects, 
which respondent were asked to name and 
describe the function of 

98.70% 
 

0 to 1 

Object Naming-
Elbow 
I  

Interviewers pointed to specific objects, 
which respondent were asked to name and 
describe the function of 

97.60% 
 

0 to 1 

Object Naming-
Knuckle  
I  

Interviewers pointed to specific objects, 
which respondent were asked to name and 
describe the function of 

96.40% 
 

0 to 1 

Object Naming-
Shoes  
I  

Interviewers pointed to specific objects, 
which respondent were asked to name and 
describe the function of 

98.90% 
 

0 to 1 

Object Naming-
Pencil  
I  

Interviewers pointed to specific objects, 
which respondent were asked to name and 
describe the function of 

99% 
 

0 to 1 
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Executive 
Function 

Symbol Digit 
Modalities Test 
(SDMT)  

 Respondents were required to substitute 
numbers for a randomized presentation of 
geometric figures meaning they should pair 
a given number with its corresponding 
symbol- within 90 seconds  

15.27 15.76 -60 to 66 

MoCA Test- 
bicycle/train 

Participants were asked to identify what the 
words bicycle and train have in common  

58.60% 
 

0 to 1 

MoCA Test- 
watch/ruler  

Participants were asked to identify what the 
words watch and ruler have in common 

35.60% 
 

0 to 1 

Symbol Cancellation 
Test (SCT) 

Respondent are shown a symbol and asked 
to circle all the places in which the circle 
appear on a piece of paper within 60 
seconds.  
Score calculation: number of correctly – 
incorrectly circled symbols  

18.5 14.9 -43 to 61 

 
 
 
 
 
Orientation 

Orientation to place 
I  

What town are we in?   99.1% 
 

0 to 1 

Orientation to place 
I   

What street are we in?  97% 
 

0 to 1 

Orientation to place  
I  

What store is nearby?  98.80% 
 

0 to 1 

Orientation to place  
I  

What address are we at?  97.90% 
 

0 to 1 

Orientation to time  
I  

What month are we in?  90.30% 
 

0 to 1 
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Orientation to time 
I  

What is the current day of the week?  94.10% 
 

0 to 1 

Orientation to time 
I  

What is the current year?  83.30% 
 

0 to 1 

Orientation to time 
I  

What season is it?  89.90% 
 

0 to 1 

Visuospatial CERAD 
Constructional 
Praxis – Immediate 
(Pentagon)  
T  

Participants were asked to draw a pentagon, 
while being shown an image of the 
geometric figure  

55.70% 
 

0 to 1 
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APPENDIX 2 
 

PATTERN OF INJURIOUS FALLS  
 

Table 6: Pattern and Severity of Falls in a Two-Year Period  

Variable  No Injury Sustained Injurious Single Fall Injurious Recurrent Fall (>1) 

Fracture Type  N (%*) N (%*) N (%*) 
Hip Fracture  1,181 (95.3) 27 (2.2) 31 (2.5) 
Other Joint or Bone Fracture 741 (54.7) 227 (16.8) 386 (28.5) 

*Unweighted percentages  
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