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Abstract: Falls are the third-leading cause of disabilities among the elderly population worldwide. In Pakistan, 
the prevalence is 44%; out of them, 8% develop injuries, placing them at high risk for hospitalization or even 
premature death. Interestingly, fall is multifactorial, and fall risk depends on individual characteristics 
(intrinsic factors) and environmental features (extrinsic factors), which can be different from context to context. 
Therefore, regular assessment of fall risk factors is required to develop a strategy for fall prevention. This study 
aimed to identify intrinsic risk factors for falls in Pakistani elders living in the communities, and provide 
evidence for preventive strategies of falls in elderlies. Data were collected from 140 Muslim elders from two 
residential areas of Peshawar, Khyber Pakhtunkhwa, from July 2022 to August 25, 2022, after taking permission 
from Zhengzhou University Ethical Review Board (ZUIRB #202254), and District Health Department Office 
(DHO #14207).Participants were informed and concern was taken before collect data. Data were collected using 
the Time Up and Go Test (TUGT), the Mini-Mental Status Examination, and interviews regarding the prayer 
practice. Factors associated with falls were; age, gender ,education, cognitive status, TUGT level , incorrect 
prayer postures, poor vision, and history of falls with significant of (P.<0.05). Poor cognition, low vision, poor 
walking speed, and prayers without body movements have good membership with falls risk prediction as 
(P<0.005) in Omnibus, Lemeshow score (0.77). Hence, our study provides a road map for future risk assessment 
for fall by adding the four mentioned risk factors as offered in the proposed model to facilitate taking timely 
action to prevent fall-related ailments in Pakistani elders. 

Keywords: prediction; risk factors; falls risk; Muslim; community-dwelling; elders; Pakistan 

 

1. Introduction 

The aging of the population has become a challenging phenomenon for the healthcare system 
globally. The World Health Organization (WHO) defined the aging population as individuals who 
are 60 years of age or older[1]. In Pakistan, about 12 million individuals are over 65, and that number 
is projected to rise to 18 to 25 million by 2050[2]. Although aging is linked to a decline in the 
physiological and functional capability of the musculoskeletal and neurological systems[3], the 
prevalence of chronic diseases, and external causes such as falls are major causes of morbidity and 
mortality in the elder population[4]. Fall is considered the most common geriatric syndrome [5–7]. A 
majority, that is around 40% of elder hospitalization linked to fall-related injuries, fractures, 
disabilities, and other complications [8]. 

The prevalence of falls among elders is multifactorial; 1 out of 4 elders age > 65  falls at least 
once a year. The frequency is more high in older olds that is 75 years [9],females over 70 are more 
likely to experience of falls[8]. According to the Centers for Disease Control (CDC) report , worldwide 
36 million elders report falling each year which accounting for nearly 33% of the falls prevalence in 
community based older adults [10].The frequency of falls is vary from country to country. For 
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instance, a South-East Asia survey discovered that  in China the falls prevalence was 31 to 34%, in 
21%  falls were in Japan, and 16% were in Latin America [11]. In Pakistan, the fall incident rate is 
almost nine percent per thousand per year [12].  

Falling is the most frequent cause of injuries, disability, and hospitalization for seniors over 65 
in Pakistan around 44% of falls were documented in a survey study [2]. which the ratio of female 
were high than male. 

Fall is mostly observed in females [14], mostly reported during daily tasks performance (e.g., 
walking and initiation of walking or sitting down [14], and in those who have poor  musculoskeletal 
functional ability[9,15,16]. 

Fall does not occur because of one factor alone but rather when physical, psychological, social, 
and environmental factors work together to contribute to its prevalence. Several studies have 
investigated the current state and risk factors for falls [9, 17–19], and divided factors into intrinsic, 
and extrinsic factors predicted to cause falls in elders[20]. A decrease in habitual walking speed was 
a measure of physical disability limitation and fall risk in the previous study [21]. The ability to 
perform rapid walking balance requires various supportive factors involving vision, cognitive ability, 
physical strength, cardiovascular fitness, and coordination. Some chronic diseases, such as orthostatic 
hypotension, lumbar spondylosis, high blood pressure, diabetes, cataract, musculoskeletal diseases, 
and urinary incontinence (UI), are risk the risk factors for falls in the older adults [22]. Muscular 
atrophy Sarcopenia is another key factor that limits stability control and is more likely to occur in old 
age people that cause serious injuries, and premature mortality[23]. Commonly identified home 
hazards that increase the fall risks in elders were home access, i.e., movement around the house, 
slippery floors, and bathroom-related falls [15, 17, 20]. Fear of falling even without any fall history is 
another factor of falls in elders. This fear may restrict their activities, and ultimately, they adopt an 
inactive lifestyle [24]. The use of some drugs, such as psychotropic and antidepressant drugs, can 
cause drowsiness and impaired coordination and balance; antihypertensive and ant-allergic drugs 
can lower blood pressure; beta-blockers and diuretics might cause postural hypotension and may 
cause falls. Anticholinergic medications may impair cognitive function and cause blurred vision, 
increasing the risk of falls in older adults [17, 22].  

 Identifying older adults who are at higher risk of falling and require interventions is 
challenging for clinicians and public health professionals. However, various fall predictors and scales 
are developed and tested to assess fall risk among elders. Age categories, gender,  measures of gait 
(TUGT), disability index, CDC fall risk assessment 12-point checklist [25], and environmental hazards 
were some of the highlighted fall risk assessment tools, mentioned in the previous studies(5). Lusardi 
et al. included the Mini-Mental State Examination in their predictive model for predicting fall risk. 
Another review created a comprehensive list risk factors assessment [17] in which TUGTS, visual 
health, and cognitive scores were highly predictive factors. Oshiro et al used psychological and 
medical characteristics, medication use, and sensory factors to forecast fall risk [26] in which a 
positive prediction was found between adjusted variables and fall risk of 98%, and a negative 
predictive value of 8%. 

1.1. Predictive models for fall risk assessment  

It was difficult to generalize previously constructed model to assess fall risk in Pakistani 
community dwelling older adults [27]. Fall literature is in debate, whether fall predictions through 
different models are feasible; such as modifiable factors of falls can be reduced through new 
interventional strategies. A study conducted by Thurmon and fellows developed a  predictive 
model, namely Random Forest predictive Model, evaluated fall risk in 171 community-dwelling older 
adults performed  10 meters  walk daily, and fall frequency in  the six  months were  followed 
through a sensor detection of movements. Linear and nonlinear modeling identified that  19% of 
elders who reported falls in the six months follow-up  were had gait problems [27]. A systematic 
study carried out to examined all prognostic predictive models of fall risk included 30 (out of 86 369 
individuals). Only three validated prediction models were reported in the included research, and the 
frequency of falls ranged from 5.9 percent to 59 percent in approximately 69-designed models. The 
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most common predictors of falls were prior falls, age, gender, assessments of gait quality, walking 
balance, visual health and level of disability. The range of the area under the curve was 0.62 to 0.69 
[17]. Fall prediction models mostly incorporated gait quality scores, cognitive status, and past fall 
experience. Mishra et al. conducted a study in the USA and developed a model to predict 6-month 
fall risk using the geriatric TUGT, MMSE, and fall history from 92 older adult residents (age = 86.2 
6.4, female = 57). With an AUC of 0.80 (95% CI of 0.76-0.85), and a sensitivity of 0.82 (95% CI of 0.74-
0.89) predicting the six-month risk. The activity daily living (ADL) assessment scores, and gait speed 
were the three most significant contributions to the comparatively increased fall risk in elder’s 
population. Different approaches were used in the literature to test and evaluate the predictive factors 
such as decision-tree analysis, fall-prediction algorithm[14], logistic regression, receiver operator 
characteristics (ROC)  analysis, and prognostic model for fall risk screening in the previous studies 
[28].  However, these six predictors were able to stratify fall incidence, and probabilities that ranging 
from 30.4% to 71.9%. The decision-tree model in terms of the area under the curve (0.70 vs. 0.64), 
accuracy (0.65 vs. 0.62) were performed, sensitivity (0.62 vs. 0.50), positive predictive value (0.66 vs. 
0.65), and negative predictive value (0.66 vs. 0.65) in the predictive models. There are different 
predictive models the researchers developed  for fall prediction in old age  and it is concluded that 
there is  no any model to adopt for fall prediction in all context. Considering this background 
knowledge and inconsistent literature, information related to falls associated factors and fall risk 
assessment strategies, there is a need to develop a new fall predictive model for Muslim elders in 
Pakistan.  

1.2. Study Contribution 

Fall risk is contextual; more researches are required to identify different risk factors of falls' 
occurrence among elders living in the community. Older persons in the Pakistani community must 
therefore undergo routine fall risk assessments in order to create a fall prevention strategy.  We, 
therefore, aim to explore the risk factors related to falls in elders in Khyber Pakhtunkhwa, Pakistan, 
where 99% of the population belongs to the Muslim community. Our study can help identify new 
risk factors for falls, so we plan to develop a predictive model to assess fall risk among community-
based elders to determine preventive strategies for falls in the elder population. 

2. Materials and Methods 

2.1. Design and setting 

Data was taken from the baseline data of an interventional study at two residential areas of 
Peshawar district, Khyber-Pakhtunkhwa, Pakistan from July 2022 to August 2022. Different 
measuring check lists were used such as Mini mental health status examination(MME), Time Up and 
Go(TUG), and  different demographic characteristics, including five questions regarding body 
movements in five-time prayers from the 140 study subjects  were selected for a random control trail 
study. The sample size were calculated using  G-power by assuming 0.05 level of significant that is 
Alpha (α), power of test (i.e. Beta=0.8, as beta  set at 0.20 that is chances of falls negative and 95% 
confidence level. This sample size was acceptable to develop a model for at least five hypothetical 
predictors with one dependent variable.  

2.2. Inclusion and exclusion criteria 

The inclusion and exclusion criteria were followed as the subjects had to be 60 years of age or 
older with sedentary life style that is <two hours activity in 24 hours, with normal to moderate 
cognitive functioning, able to follow instructions, and able to walk without taking assistance from 
another person. The language barrier, unwillingness to participate, and non-registered elders were 
excluded from this study. 

2.3. Ethical considerations 
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The Helsinki Declaration of 1964 was followed. Permission was taken from the parent institution 
that is Zhengzhou University, Institute of Ethical Review Board (ZZUIERB #202254) , and the District 
Health Department Office (DHO #14207).  

2.4. Data collection process 

Data were collected through validated and reliable checklists approved by the Centers for 
Disease Control and Prevention (CDC), which is TUGTS scores as walking speed in 3 meters of 
distance, Mini Mental Examination checklist, five questions regarding prayer technique and 
procedure, and questionnaires containing information on demographic variables were collected in 
the interview section. Figure 1 shows the brief process of data collection. 

 

Figure 1. Step by step process for falls risk assessment of study participants=140. 

2.5.1. Physical test 

The Time Up and Go test was performed in three basic healthcare units (BHUs) in Peshawar. A 
trained physiotherapist conducted the timed "Up and Go" test (TUGT), in which scores were assigned 
to go and sit down for which 10 to 19 seconds were considered normal, 20 to 29 on the gray list 
included in fall risk, and >30 dependent was considered highly risky for falling[29]. The time that a 
participant needs to rise from a chair, walk 6 meters, turn around, walk back, and sit down on the 
chair was recorded. During the test, the person is instructed to wear her or his regular, comfortable 
footwear and use any mobility aids (e.g., a cane or frame) that they would normally require. 

2.5.2. Mini Mental Examination 

Mini Mental status Examination checklist were used to check cognitive level of participants. The 
checklist is consisted of 10 scores in which Scores > 4 with no answered considered risk for fall in this 
study.  

2.5.3. Proper posture during five time prayers 

Five questions were asked from the participants regarding Muslim five time prayers by 
considering the seven distinct body postures which are 1) Takbir; 2)  standing;3) Rukuk;4) Qiam ; 5) 
Prostration;6) sitting(Jalsa);7) moving head to right and left. We considered > 5 correct answers for 
correctly perform prayers in this study. 

2.6. Statistical Analyses 

Using Statistical package of science (SPSS version 23). Descriptive statistics and the Spearman 
correlation coefficient test were used to describe and associate factors concerning falls' occurrence in 
the last year at a significant level of (P.0.05). A binary logistic regression model was used to test the 
hypotheses of this study, which were: 1) H1. Fall is higher in those with low-speed walking; 2) H2. 
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The falling ratio is high with regard to visual and cognitive problems. The data were checked for 
normality. The distribution of the feature significance values for each feature was assigned. For 
instance, lower gait speed values, poor prayer postures; poor cognition scores were hypothetically 
negatively correlated with fall risk. 

The area under the curve was measured to check the sensitivity and specificity of the model 
under study, and if we kept >75% of the test, it will be considered valid and reliable to check the fall's 
occurrence with the selected parameters.  

2.6.1. Model fit index 

In this model, we considered one to indicate a fall risk and zero to indicate no falls risk. Our 
preferred choice is one because we are interested in seeing the drops in respondents. Zero is given a 
benchmark as it is significant at 0.03 and shows that when we add an independent variable, it will 
predict the dependent variable in our model. We applied the Omnibus model of coefficient testing 
considering the difference between the baseline model and the new model, the Nagelkerke (R2) 
square >0.50, the pseudo-R square to check the approximate variation in the criterion variable were 
adjusted for Cox and Snell R, that is, Nagelkerke R2 >0.50 in the criterion variable can be accounted 
for in the predictive variable. Receiver operating characteristic (ROC) curves and logit rank plots of 
each variables in the models were plotted to help concluded the list of critical measures from those 
discovered through binary regression modeling method.  

2.6.2. Sensitivity and specificity analysis: 

Using ROC the standard errors for the areas under the ROC curve were determined in SPSS, 
version 23.  For each sample participant, the projected probability—calculated as elogit (p)/(1 + 
elogit(p)), where logit(p) is the indicator derived from the regression model was  also analysed. The 
specificity of the model was assumed that   the Receiver Operator Characteristic (ROC) with >75% 
AUC accurately measures the membership of independent variables on fall risk. We considered that 
the model correctly predicted not to fall risk, and the model sensitivity ROC > 75% was assuming that 
the model correctly predicting to fall risk is due to the selected variables. The cut off point for TUGT 
was =<15 seconds, cognitive function =<5 scores, prayer method=1, and visual function=1.  We 
transformed the numerical data into dichotomous data that is 1 for fall risk, and 0 for no fall risk to 
check the validity of the tested variables in binary regression model. The equation model in which 
Odd Ratio that is probability of (A) P (B) in which we interpreted that which independent variable is 
significantly affect fall or not falls. The beta coefficient values (Exp.b) >1 was considered cutoff point 
to indicate more probability of the selected outcome occurrence that is no falls or falls in the model 
in the relationship with the predictive variables. 

2.6.3. Validity of the proposed model 

The validation research was carried out to assess the discriminating validity of the model by 
plotting ROC curves for the 30% of subsamples. By analyzing the differences between the areas under 
the two curves, the calibration validity of a model was established. It is necessary to ascertain whether 
the predicted probability obtained for subsample, and using the models created agrees with the 
observed probabilities of model 2.  

3. Results 

The demographic features, cognitive status, and TUGT level of the participants were assessed. 
The average age of the study participants was 68.1 + 5 years (ranging from 60 to 82 years old). When 
education level is taken into account, 42% of the participants were illiterate, and only 14% are 
recorded as graduates; more than half (54% of the participants in this study were female). 
Cardiovascular diseases were common (31%), the majority (52% in the extended family system), and 
most of them were financially dependent on other family members, which is 38%. More than half, or 
51%, of the study participants reported at least one fall in the last year. Prayer Body Movements 
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accounted for 32% of those who did not complete all seven steps of body movements due to health 
issues or personal preference. The cognitive level of the study participants was 47% moderately 
affected, and only 53% had active memory in this study. Elders in this study had poor vision, as 66% 
reported having a visual problem. 

3.1. Falls reports 

The majority of the participants were belong to Pathan tribe that is (40%) in this study. Female 
participants (44%), as well as those aged 65 to 70 years, reported more falls. In this study, 42% were 
illiterate, 59% had a spouse who was alive, 59% had another source of income, 56% lived in an 
extended family system, 93% had a joint problem, 75% had a visual problem, and 71% did not follow 
body movements in prayer.(see Table.1) 

3.2. Factors associated with falls occurrence 

There was a significant relationship between income level and education, health, and age as 
scores ranged from >70 to 0.90. Visual health and age are also correlated with scores > 0.70. In our 
study, health, status, gender, and living status did not show any significant association (P >0.005) in 
all mentioned variables. The significant value of moderately low cognitive status and poor vision was 
associated with a fall history (P.0.001). Visual health and age are also correlated with scores > 0.70%. 
In our study, health, status, gender, and living status did not show any significant association (P 
>0.005) in all mentioned variables. The significant value of moderately low cognitive status and poor 
vision was associated with a fall history (P.0.001). Details of demographic data and risk factors are 
displayed in Table 1. 

Table 1. Demographic characteristics, fall frequency, and risk factors of fall occurrence. 

Demographic Variables .N=140 Total#  Fall history  P.Value 

    %  yes%  No %    

Gender  Male 

Female  

46%  

54%  

33%  

44%  

46%  

56%  

 0.49  

Age  

60-65  

66-70  

71-75  

46.40%  

14.30%  

4.30%  

33%  

44%  

16%  

67%  

56%  

84%  0.04  

 >76  8.57%  33%  67%   

Education level  

Graduate 

Matric 

Secondary  

14%  

22%  

17%  

14%  

22%  

20%  

86%  

78%  

80%  

0.021  

  Illiterate  47%  42%  58%    

Married  
 Alive  

Widow  

79%  

21%  

59%  

41%  

42%  

59%  
 0.012  

Source Income  

of  Pension  

Others  

No, any source  

28%  

34%  

38%  

57%  

59%  

48%  

43%  

41%  

52%  

0.62  

Health status  

 Cardiovascular  

Diabetic  

Joint Pain   

30.70%  

22.00%  

20%  

51%  

21%  

93%  

49%  

58%  

7%  0.72  

  Other   4.30%  33%  67%   

  No diseases  9.30%  46%  54%   
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Living status  

 Join family  

Extended 

Family  

47%  

52%  

54%  

56%  

46%  

44%  0.45  

Visual problem  
yes  

No   

 52%  

47%  

75%  

33%  

25%  

67%  
0.002  

Prayer practice  

five-time 

prescribe  

as  
48%  37%  63%  

0  

 not proper 

way  

 52%  71%  29%   

Ethnicity   

Pathan  

Panjabi  

Sindhi  

 0.4  

0.3  

0.2  

58%  

47%  

28%  

42%  

53%  

60%  

  

0.51   

  

 Chitrali 8%   0.1  21%  54%    

Cognitive level  

Normal   

Moderate  

 54%  

47%  

45 

64%  

55%  

36%  0  

 severe   0%    7.9   

  <12 seconds   48%  31%  69%   

TUGT level  12-14 

seconds  

 28%  64%  56%   0.001  

  >14 seconds   24%  90%  10%   

In Table.1 the frequency of fall is higher in female as compare to male, age group of 66 to 70 years 
are more reported falls as presented the data in percentages in descriptive statistics. The figure shows 
that female participant’s reported falls were (44%), and age group 65 to 70 years (43%) reported 
history of falls in this study. 

3.3. Binary Logistic regression Model 

The goodness of the model shows significance (P. 0.001). Age, gender, economic status, 
education status, health status, and ethnicity were removed from the model as they were non-
significant (p > 0.005) in the Omnibus Chi-square test and the Hosmer and Lemeshow test. TUGT 
level, cognitive status, poor visual equity, and proper body movement in prayers were good fits of 
the model, as the chi-square test values of each variable in the area model were statistically significant 
at (P.0.05) and 94% in the Hosmer test. The variation in the criterion variable is significant, as the 
pseudo-R square of the approximate variation in the criterion variable through the adjusted versions 
of Cox and Snell R and Nagel-kerke R shows a 77% change in the fall risk can be accounted for by the 
predictive variables in this study. Our model correctly predicted that fall risk using 81.3% of the 
selected variables. Results are displayed in Table 2, and the AUC in the ROC shows the high 
sensitivity and specificity of our hypothetical testing variables in the relationship with fall risk in this 
study.(See Figure 2). 

3.4. Model predictive value 

To find the predictive values in our model, we analyzed the equation model in which the beta 
coefficient Exp (b) value is greater than 1, indicating a higher probability of the selected outcome 
occurring. Three independent variables, such as cognitive function, TUGT level, and poor vision, 
were found to predict fall risk in the elderly in this study. The log Odd of TUGT is 2.29 times more 
likely to fall as the Exp (b) value is (L = 1.11, U = 439.78). Elders' cognitive level is slightly poorer than 
expected to predict the fall occurrence with Beta value B (2.49) in Exp. b (95%) with Value (0.052), 
lower (0.65), and upper (4.59) but still needs to be considered in future studies to avoid being 
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neglected. The prayer method predicts the fall's occurrence five times more with (P. 0.004) and Exp 
(b) = 5.19. In our model of prediction, the vision scores are highly significant for the probability of fall 
occurrence (P.0.001). Table 3 and Figure 3 present the data of the Odd Ratio with hypothetical 
variables. 

Table 2. Model of fit analysis under Binary Logistic regression analysis of predictive variables. 

Omnibus Tests of Model 

Coefficients  

   

Chi-square  df  
p. 

value  

65.961  4  0.000  

65.961  4  0.00  

65.961  4  0.000  

Hosmer and 

Lemeshow Test  

 

likelihood  
4.071  7  0.772  

-2 Log 

likelihood  
115.302a  

Cox & Snell R 

Square  
0.526  Nagelkerke R Square  0.77  

Classification Table    

  fall risk Predicted 
         Percentage of model correctness   

No= 0  Yes=1  % 

Fall risk  
0  60  16  78.9 specificity  Overall 

80% 1  12  58  81.3 sensitivity  

Table 2 In this table the model shows best fit in Omnibus test(P.<0.005),, Hosmer&Lemeshow  
likelihood value greater than 0.50 that is .0.77 in  NagelkerkeR square indicated that our model  is  
good fit  with overall 80% validity and reliability scores. This results indicates that poor vision, lack 
of physical movement, poor gait and walking ability in TUGTs 3 meter walking test for 12 seconds, 
low cognition in the scale of 10 points are showing the significant of the model appropriateness and 
can be adopted in future fall risk assessment.  

 

Figure 2. Probability of fall occurrence with the hypothetical predictors in the Equation Model. N=140. 

Figure2. The model is predicting the probability of fall due to the tested variables in this study as 
the Odd Ratio (Exp(b) of all variables in the Equation model are >1 as TUGT=2.29, Cognitive 
scores=2.4, Visual=2.1 and not move the body during prayer=5.1. When the score is <1 it means that 
the model does not show any probability of falls in the future.  
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Table 3. Odd Ratio of fall risk with the membership of the predictive variables such as TUGT, 
cognitive level, Poor vision, and prayer method in the Equation model. N=140. 

 

Figure 3. Receiver operating characteristic curve of the four predictive variables. 

Figure.3. Receiver operating characteristic curve was generated for all the variables to 
discriminate elders with falls and no falls. The total area under the curve is representing the 
sensitivity, and specificity of the tested variables. The total area covered for lack of body movement 
in prayers is (82%), poor cognitive status(80%) area covered with  95% confident interval,(3) poor 
vision (>85%), and(4)TUGT level >85% correctly specified the accuracy of the testes factors in this 
model  in the membership with fall risk in the study participants. The area under the curve (AUC) 
of this study model is shown in graphical lines of sensitivity and specificity of the test variables in 
which all the lines of four variables are moving from left to right with the top point of > 80 % which 

   
B  S.E.  Wald  

Sig  

   

Exp(b)  95%C.I.for 

EXP(B)  

Step 1a  

TAGS level  
0.828  0.333  6.196  .013*  2.29  1.193 4.396  

Cognitive level  0.913  0.47  3.778  0.052  2.491  1.992 6.255  

visual  2.112  0.552  14.626  .000*  2.121  0.041 0.357  

Body movement in 

Prayers 1.647  0.576  8.191  .004*  5.193  1.681 16.043  
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is near 1. The model is 80% correctly predicting that variables are correctly predicting falls risk in 
elders. 

External Validity of the Model 

The AUC in the ROC in the randomly selected testing sample from the proposed model. Figure 
4 of ROC is showing AUC of the testing sample which is supporting that this model is >80% valid 
and reliable and the chance of occurrence is not over fitted in the model. We are confidents to support 
our model risk factors can be assessed in elder of Pakistan with the same ethnicity and geographical 
location. The AUC in ROC is greater than 70% of the area above the straight line and falling from left 
side to over right side indicated that this model is not over predicting the fall risk in elders due to by 
chance of factors(see Figures 4 and 5). 

 

Figure 4. Validity of the Model AUC in the ROC in the randomly selected testing sample from the 
proposed model. 

igure.4.Figure of ROC is showing AUC of the testing sample which is supporting that this model 
is >80% valid and reliable and the chance of occurrence is not over fitted in the model. We are 
confidents to support our model risk factors can be assessed in elder of Pakistan with the same 
ethnicity and geographical location. The AUC in ROC is greater than 70% of the area above the 
straight line and falling from left side to over right side indicated that this model is not over predicting 
the fall risk in elders due to by chance of factors.  
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Figure 5. Validity of the model with Odd Ration with sample of 30% of the total. 

Figure.5. The Odd ratio of the testing sample is greater than 1 in the graph which is showing a 
high probability of fall occurrence in the study population. The significant value of all four 
independent variables is significant predictors (P.<0.0051) displayed in the figure. This figure shows 
the external validity of the model for which we randomly selected 30% of the sample considering it 
a testing sample and the 70% sample considered a training sample. The binary logistic regression 
shows Odd Ratio with exponentiated beta (Exp.b) >1 in each of the variables.  

4. Discussion 

Our purpose in this study was to propose a model to predict fall risk among community 
dwelling older adults with sedentary lifestyles in Khyber Pakhtunkhwa, Pakistan, using the TUG 
checklist, MMSE scores, body postures in five time Muslim prayers scores, visual health assessment 
scores, and fall history. In the demographic data, the average age of the study participants was 68.1 
+ 5 years (ranging from 60 to 82 years old), and the majority of the participants were 65 to 70 years 
old in this study, which is similar to the previous study carried out in Faisal Abad, Pakistan[8]. The 
difference in the age distribution was not a surprise to us because older adults under the age of 60 to 
65 typically have a lower risk of falling due to involvement in physical activity lasting longer than 
two hours daily. Similarly, older adults over the age of 75 mostly become dependent on others for 
daily living activities due to deteriorating health conditions and disabilities, which limited their 
ability to participate in this study [9, 22]. When education level is taken into account, 42% of the 
participants were illiterate, and only 14% are recorded as graduates; more than half, or 54%, of the 
participants in this study were female. Our results are incompatible with studies carried out in other 
countries in which education status is high among older adults[14, 30].Education plays a mediating 
role in preventing falls, ,and education was one of the super variables that negatively affected fall 
prediction in the previous studies[26]. We believe that education provides opportunities for older 
adults to live a safe and secure life in old age [31]. 

Prevalence of fall occurrence: The fall frequency among the study participants in this study was 
55% which is quite high compared to previous studies, as the frequency was 44% in a study 
conducted in Pakistan [8]. The frequency of falling was low, with only 18% of more than one time 
falling history in the Chinese older adult’s population [14]. But the result was quite similar to a study 
in Taiwan, in which the frequency of falling was 33% among community-dwelling older adults [32]. 
In our study, the frequency of falls was much higher among the age group of 65 to 70 years, which is 
inconsistent with a Brazilian study in which adults >75 years reported more falls[4]. This can be a 
reason for the lack of risk assessment, the low literacy rate, and the lack of an elder hood awareness 
program in Pakistan [33]. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 May 2023                   doi:10.20944/preprints202305.0259.v1

https://doi.org/10.20944/preprints202305.0259.v1


 12 

 

Associated factors of fall occurrence: We conducted an analysis to forecast older adults' fall risk 
and risk factors for falls in older adults. Some of the highlighted risk factors in our study were walking 
speed, poor cognitive level, lack of body movements in five-time prayers, and low vision. 65 to 70 
years of age, illiteracy, and being female were some of the risk factors correlated with fall experiences 
among our study participants. Our findings were contradicted by a study conducted in the United 
States of America in which medication and fear of falling were more prominent risk factors for falls 
in older adults [34]. Similar risk factors may not have been observed in other studies because of the 
multifactorial nature of fall occurrence. However, in our study, the population belonged to only the 
Muslim community, so the lack of prescriptive body movements in the five times of prayers was one 
of the prominent factors contributing to the fall risk. In this study, complaints of poor vision, poor 
walking speed, and low cognitive ability were significantly correlated with history of falls. The same 
factors were identified in the previous study, in which these factors were associated with a history of 
falls and 50% of fall risk in elders living in the community of Pakistan [8], but in our study, lack of 
body movement in prayers was a newly added risk factor significantly correlated (P = 0.04) with fall 
occurrence. Our result is similar to another study conducted by Makino, et al. in which poor 
cognition, and visual problems were highlighted as factors responsible for falls in older adults [14]. 
Some of the risk factors in our study are also similar to those in the Brazilian study, in which 
sociodemographic traits, vision impairment, and cognitive impairment were associated with fall 
risk[4],but surprisingly, the age group > 75 years old was a higher risk group for falling in that study, 
which contradicts our results. Gender, being female, was more associated with a high risk for falls (P 
= 0.05) in our study, which is consistent with the Brazilian study, where females reported more fall 
occurrence [20]. Female participants were also more at risk in another study conducted by Khatak et 
al., in which females constituted 32% of the overall fall prevalence [13]. According to other research, 
women have a higher tendency to fall than men do, and this difference can be attributed to women's 
physiological differences in bone and muscle structure, menopausal hormone changes, and 
multitasking. In Pakistan, there is a male dominant culture; however; females have limited 
opportunities to participate in physical activities. In this study identified some of the protective 
factors for fall occurrence, such as gender as manhood, being literate with a graduation level, and 
proper body movement in five-time prayers with prescribed body motion which were significantly 
associated with non-fallers group with (P=<0.05). This finding was consistent with the Adriana, et al. 
study in which education, being a male and social support were protective factors to prevent falls in 
older adults [4]. Poor gate was significantly correlated with fall risk with P=<0.05) in our study. The 
same findings were observed in a study carried out in the USA on 92 elders in which poor scores in 
cognitive status, medication-related drowsiness, poor gait, and balance were highly correlated with 
falls [34]. Although this study has focused on sociodemographic, contextual, intrinsic, and behavioral 
factors of falls and gait speed assessment, the way of five-time prayers should also be given priority 
because of the likelihood that these events will occur as a result of a lack of exercise, especially in 
women of Pakistan. Hence, this model might be a useful tool to distinguish between elderly people 
living in Muslim communities in Pakistan who are at high risk of falling and those who are not at 
risk. Healthcare professionals could incorporate our model to assess and screen the identified risk 
factors in the general population to take the necessary action to prevent fall risk in elders in Pakistan.  

Validity of the model:  Our model is good fit by its internal validity. The Nagelkerke R Square 
is 52% to 77%, which is well supporting to predict that the variables, such as poor cognitive level 
(scores >7 in the total 10 point scale); poor vision; gait problems (taken >15 seconds in a 3 m distance 
walk); and lack of seven-style body movement in prayers, are good fits on the fall risk. The coefficient 
Ex (b) of the independent variables shows a value of >1 in each predictive variable, such as TUGT 
(2.290), cognitive health (2.491), visual health (2.121), and prayer body movements (5.193). In terms 
of the components of our model, other studies have demonstrated a connection between older 
persons' fall histories, poor cognitive scores, TUG, pain, and age group with the falls of older adults. 
Hence, the items we selected for our binary regression model analysis corroborated this finding with 
different models, such as the simplified decision-tree algorithm model [14], and the SHapley Additive 
exPlanations model[34]. The binary regression model is a logistic regression model that can be used 
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to reveal stratified relationships between fall predictors and subsequent fall risk. It includes TUG, 
cognitive problems, lack of body movement in prayers, and poor vision in an importance-based 
ordering of predictors. TUG is located at the top of the ROC graph. Poor gait speed is the most 
influential predictor and is recommended to be assessed to predict falls in the future. Therefore, we 
believe that the structure of our model is valid. Additionally, our model calculated the optimal cut-
off point of TUG as 10 for fall prediction. Regarding the cut-off point of TUG for falls, the >15 
previously reported [30] and has been widely used. Our cut-off point was 15 s, which is relatively 
more power to include all high-risk older adults. The TUG cut-off point should be set faster for older 
people living independently in the community. The binary regression model outperformed the 
logistic regression model in terms of AUC, accuracy, sensitivity, probability, and odds ratio, making 
it suitable for use as a primary screening tool for fall risk. Our model is well supported by Mishra’s 
study, in which the model supported most of the variables in our model to assess fall risk in older 
adults [34]. The external validity was checked with randomly selected data from the model. We split 
our data into two groups: 70% of training data and 30% of testing data from the 140 samples collected 
through a random sampling method. The testing model >70% accurately tested that the primary 
model was a valid model as the odd ratio Exp (b) of each variable is >2, with P = 0.01) which supports 
that our model is valid [35]. The fall risk model can provide guidance to health providers to focus on 
specific factors of fall risk instead of analyzing individual assessments.  

5. Conclusions 

Falling is multifactorial; we cannot claim one factor is not responsible for falls in elders. To 
provide information on prevention and the identification of seniors at risk, multidisciplinary 
expertise is necessary, which justifies the need for this study. Vision impairment, cognitive 
impairment, poor gait, and prayers without body motions were the variables linked to the probability 
of falls in the binary logistic regression model. Therefore, this study could facilitate community health 
nurses and public health workers including these predictors in their fall risk assessment tools to 
provide appropriate fall prevention strategies for Muslim elders in Pakistan.  

Study limitations: The study does have certain limitations. The data were taken from baseline data of a 
randomized control trial study; therefore, the data is retrospective. In addition, future analysis with more 
predictor variables and prospective studies could potentially improve the results, but they could not be applied 
to other older adult populations. To support the threshold values of the variables in our model, additional 
longitudinal studies are required. A fall risk assessment checklist, the Berg balance test, certain medications, a 
sleep quality assessment, and nutritional status can be added in future studies. 

Future Implications: This study's model was constructed using a new factor, which can be further examined in 
randomized control trials. While we think this can be applied successfully to forecast fall risk in Peshawar and 
in other Muslim populations that are similar, Our study provides valuable information on future predictors; 
therefore, selecting factors for the prediction model, a literature review, and clinical experience are often used to 
prevent bias in predictor selection. It is essential to examine the external validity of the developed model in the 
general population to determine the stability of the model across various populations. 
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