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Abstract  

This study investigated the predictors of gait speed in community dwelling older adults while 

examining interplay between physical performance and cognition on comfortable and fast 

gait speed. Sixty-six community-dwelling older adults (mean age 80.8 71% female) 

completed the following: 30-Second Chair Stand (30-SCS), Functional Reach (FR), Flanker 

Task, Digit Symbol Substitution Test (DSST), and gait speed (comfortable and fast). 

Hierarchical linear regression examined the relationship of comfortable and fast gait speeds 

with physical performance (30-SCS, FR) and cognitive domains (DSST, CDT, Flanker effect). 

Unique predictors of comfortable gait speed included 30-SCS (B=1.86, p<0.001), FR (B=3.37, 

p=0.005), and Flanker effect (B=-0.02, p=0.05). Unique predictors of fast gait speed included 

30-SCS (B=2.61, p<0.001), FR (B=3.58, p=0.04), and DSST (B=0.95, p=0.01). Both comfortable 

and fast gait speed were primarily predicted by strength and balance while cognitive factors, 

including executive function and processing speed, also contribute to predicting gait speed. 

Lower extremity strength and balance are independently predictive of both comfortable and 

fast gait speed. Executive function and cognitive inhibition, as assessed by the Flanker effect, 

predicted comfortable gait speed, while processing speed, as assessed by the DSST, 
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predicted fast gait speed. These results corroborate previous literature that examined 

functional and cognitive domains individually. 

Keywords  

Functional outcomes; gait speed; rehabilitation; cognition 

 

1. Introduction 

Adults aged sixty or older numbered an estimated 962 million worldwide in 2017, with the 

expectation that this number will double by 2050 [1]. In the United States alone, adults aged 65 

and or older comprised 15.2% of the population in 2016, numbering 49.2 million [2]. To optimize 

health and function in this growing population, clinicians and researchers alike must understand 

the most influential factors on future health and wellness. Additionally, it is important to 

determine inexpensive and efficient outcomes measures that can identify decline in those factors 

which are amenable to intervention.  Gait speed is one such factor that is both easily measurable 

and has established reliability and minimum detectable change values [3, 4]. These strong 

psychometric properties and versatile clinical utility have contributed to gait speed being 

considered “the 6th vital sign” [5]. It is recognized as a valid tool that has demonstrated predictive 

ability for both functional mobility and overall health status [3]. Gait speed has been identified as 

a key indicator in other important health outcomes, such as mortality, institutionalization, and 

dependence in daily activities; therefore, it crucial to understand the factors that may influence an 

older adults’ gait speed [5]. 

Mobility through ambulation is required for independence with activities of daily living and 

participation in community activities. Further, older adults must be able to vary their gait speed to 

successfully and safely complete functional tasks such as hurrying to the rest room or crossing a 

busy street. In a healthy population of older adults, those individuals ambulating at a speed below 

a cut off of 1.0 meters per second have been found to be at higher risk for health related 

outcomes including lower extremity limitations, hospitalization, and death [6]. Faster gait speeds 

overall have been found to be associated with higher levels of independence and survival in older 

adults [7, 8]. Both comfortable and fast gait speeds have demonstrated prognostic value for 

identifying health related outcomes such as disability [9, 10], falls [11, 12], cognitive decline [13], 

and mortality [11].  

Current literature recognizes a number of influencing variables on gait speed including balance 

[14-17], lower extremity muscle strength [14, 15, 18, 19], cognition [20-22], and demographic 

characteristics (e.g. age) [17]. In particular, age related decreases in strength have a substantial 

impact on physical performance including gait speed. With primary aging, type II muscle fibers 

decrease with an additional reduction in motor unit innervation [23]. Lean muscle mass decreases 

as fat mass increases resulting in sarcopenia [24]. As a result, there is an overall reduction in 

muscle strength, leading to potential functional mobility limitations and a higher risk for falls and 

hospitalizations [25]. Multiple studies have identified both composite lower extremity muscle 

strength and individual muscle strength as predictive variables for comfortable and fast gait 

speeds [14, 18, 26-28]. Aranda-Garcia (2015) found that isometric knee extensor strength was the 
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best predictor of fast gait speed in community dwelling older adults, explaining 47.5% of the 

variance in both global characteristics and physical abilities models. Similarly, another study 

reported that isometric knee extensor strength explained 36% of the variance of comfortable gait 

speed among a sample of 839 older adults [18]. Balance has also been shown to influence gait 

speed through assessment of various components of standing balance [14-17].  

Another variable to consider during evaluation of the older adult is cognitive function and its 

impact on physical abilities. Gait requires cognitive integration of motor commands and 

perceptual sensory inputs to execute a normal gait cycle [29]. Daily life often requires older adults 

to adapt to environmental demands while walking and, under these circumstances, cognitive 

resources are in higher demand [29]. Callisaya and colleagues (2017) found that older adults with 

higher levels of cognitive impairment had slower comfortable and fast gait speeds and poorer 

ability to increase gait speed. Determining the most important cognitive domains related to gait 

speed is essential to development of cognitive interventions for mobility decline and disability. 

Domains of executive function and processing speed have been associated with gait parameters, 

including gait speed [20-22, 30, 31]. Executive function includes multiple processes including 

attention, planning, organizing, inhibition, and directing goal-oriented behavior. Processing speed 

is the time to perceive, process, and direct cognitive information. Martin et al. (2012) found that 

executive function and processing speed were independently associated with comfortable gait 

speed along with other associated gait parameters. Another study found that measures of 

executive function, processing speed, memory, and verbal IQ explained 16% of the variance of 

comfortable gait speed among 186 community-dwelling older adults [32]. Further, it has been 

reported that a faster reaction time is associated with increased comfortable gait speed with the 

authors postulating that a slower reaction time may be related to reduced central processing 

speed [17] To add to these findings, numerous longitudinal studies have reported that lower 

baseline scores on tests of executive function, processing speed, and memory led to faster yearly 

decline in walking speed [30, 33, 34]. Although these relationships are strong, few studies have 

included other measures of physical function in their analyses to determine if there is shared 

variance between cognitive and physical variables. 

The current literature offers some insight into the role of physical and cognitive factors on 

predicting gait speed, however a gap in the literature is present in regard to the interplay between 

these factors. Very few studies include both physical performance and cognitive measures in the 

same analyses. Understanding if shared variance exists between strength, balance, and specific 

cognitive domains can guide clinical treatment when gait speed deficits are present. Further, many 

studies investigating the influence of cognition have focused on comfortable gait speed, but not 

fast gait speed. It is important to determine if both comfortable and fast gait speed are influenced 

by the same factors or if they should be considered separately during the evaluation and 

treatment of older adults as prior studies have found differences in predictor variables (Mantel et 

al., 2018). Therefore, the aim of the current study was to investigate the unique predictors of both 

comfortable and fast gait speed in community dwelling older adults using measures of cognition 

and physical performance. Two hypotheses were made: 1) lower extremity strength and balance 

would be strong predictors of both comfortable and fast gait speed with statistical control of 

cognitive variables and (2) executive function would be the strongest cognitive predictor of both 

comfortable and fast gait speed. 
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2. Methods 

2.1 Participants and Study Design  

Participants included 66 community-dwelling older adults recruited from two retirement 

communities in Florida. A sample size of 66 was determined based on a power of 0.80, an alpha 

level of ≤ 0.05 with a medium to large effect size as demonstrated by previous literature regarding 

the predictors of gait speed, and use of four to six independent variables in a multiple linear 

regression model [35]. Participants were initially screened through a telephone interview to 

determine eligibility based on the following inclusion criteria: 60 years of age or older and able to 

walk at least 20 feet without an assistive device. Participants provided verbal informed consent 

prior to participation.  

2.2 Procedure 

This observational study was composed of a one-time data collection scheduled individually for 

each participant. Upon receiving verbal informed consent, each participant completed a short 

demographic and health questionnaire. Testing was completed at a central location within the 

retirement community by the same researcher. Physical performance-based measures included 

the 30-Second Chair Stand test (30-SCS) [36] and the Functional Reach test (FR) [37]. These tests 

were selected because they are reliable and valid tests that are easy to perform in the clinic. 

Cognitive assessments included the Mini-Mental State Examination as a measure of global 

cognition, the Clock-drawing test (CDT) [38], Trail Making Test Part B (TMT-B) [39], Flanker 

Compatibility Task [40], simple reaction time test, and the Digit Symbol Substitution Test (DSST) 

[41]. All cognitive assessments were performed on an iPad with the exception of the TMT-B and 

DSST, which were completed using a paper format. Physical performance and cognitive 

assessments were completed together in one block in the order as described above, however, to 

protect against order effects, the protocol was counterbalanced to have some participants 

performed the physical measures first while others performed the cognitive measures first. 

2.3 Gait Assessment 

Gait speed was assessed with the 12-foot GAITRite® system, an electronic walkway designed to 

assess spatiotemporal gait parameters [42]. To allow for acceleration before stepping on the 

walkway, participants were instructed to take two steps away from the start of the walkway 

before each trial and then center their body facing the walkway.  Participants were asked to walk 

at a “comfortable pace” on the GAITRite® for two trials and then were asked to walk “as fast as 

you can while staying safe” for two trials. Gait velocity (cm/s) was recorded for each trial. The 

average of the two trials (comfortable and fast) was used in statistical analyses. 

2.4 Physical Performance Measures 

The 30-second Chair Stand Test (30-SCS) assessed lower-extremity strength by counting the 

number of full stands from a standard 17-inch chair without use of arms from a seated position in 

30 seconds [36]. If a participant was unable to complete a single repetition without the use of 

hands, a score of zero was recorded. To assess standing balance, the Functional Reach (FR) test 
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was performed [37]. Participants were instructed to stand close to the wall without touching it 

and position their arm at 90 degrees of shoulder flexion with a closed fist. Participants were then 

instructed to “Reach as far as you can forward without taking a step”. The location of the 3rd 

metacarpal was recorded from zero on a yardstick to the end point after reaching forward[37]. 

2.5 Cognitive Measures 

The Clock-drawing test was used to assess executive function and visuospatial function [38]. 

Participants were presented with a pre-drawn blank circle and asked to “draw the numbers on the 

circle to make it look like a clock and draw the hands to read 10 past 11 o’clock”.  The scoring 

method described by Watson and colleagues was used with a normal score ranging from 0-3 and 

abnormal score ranging from 4-7 [43]. The TMT-B was used to assess executive function and set-

shifting [39]. Participants were instructed to connect 25 circles in an ascending pattern, without 

lifting the pencil, with the task of alternating between numbers and letters (numbers 1-13; letters 

A-L). Scores were reported as the number of seconds to complete the task, with higher scores 

representing greater cognitive impairment [39]. 

The Flanker Compatibility Task was used to assess executive function, cognitive inhibition, and 

selective visual attention [40]. This test was administered using the PsychLab101 iPad app [44]. 

Participants were instructed to decide whether they saw a square or a diamond within a display of 

four rings presented on the screen while ignoring any other shapes that appeared to the side of 

the array of rings (see Figure 1). Test trials were either congruent (the stimulus matched the 

stimulus to the side of the rings), incongruent (the stimulus did not match the stimulus to the side 

of the rings), or neither (no distractor stimulus appeared). The Flanker effect has been described 

as the effect of the conflict resolution on performance, such that congruent stimuli produce faster 

and more accurate responses than incongruent stimuli [45] In this study, the Flanker effect was 

calculated as the difference in mean reaction time between congruent and incongruent trials [45].  

 

Figure 1 Flanker compatibility task (Neurobehavioral Systems, 2015). Used to assess 

executive function, cognitive inhibition, and selective visual attention and administered 

using the PsychLab101 iPad app (Neurobehavioral Systems, Inc., Berkeley CA) [38-40]. 

Participants were instructed to identify if the target stimulus in the rings was a square 

or a diamond, while ignoring distractor stimuli outside the rings. Test trials included 

distractor stimuli that were either congruent (right), incongruent (middle), or neither 

(left). 
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A simple reaction time test was also administered using the PsychLab101 iPad app [44] 

Participants were instructed to touch the iPad screen as fast as possible when they saw the 

stimulus appear on the screen. The score was recorded as the average reaction time (milliseconds) 

for the total number of trials given. Lastly, the Digit Symbol Substitution Test was used to assess 

processing speed [41]. Participants matched a given number (1-9) to its corresponding symbol 

using the key grid at the top of the testing paper (see Figure 2). Participants were instructed to fill 

in as many boxes as possible in 90 seconds, in the order that they appeared. The number of boxes 

completed (maximum = 90) were recorded. 

 

Figure 2 Digit symbol substitution test [41]. Used to assess processing speed [41]. 

Following practice of the sample boxes, participants were instructed to match the 

correct corresponding symbol into the numbered boxes in the order that they are 

presented below. The number of boxes completed in 90 seconds was recorded. 

2.6 Statistical Analysis 

Data were input into SPSS Statistical Software (Version 22.0, IBM Statistics) for analysis. 

Following preparatory analyses, descriptive statistics were used for sample representation and 

comparison to known normative data. Bivariate correlation (Pearson’s r) analyses were examined 

to determine the level of association between the dependent variables of comfortable and fast 

gait speed and the independent variables of physical performance and cognition. Bivariate 

correlation was used to assist in determination of which independent variables would be included 

in the regression analyses. 

The results from these analyses determined the independent variables used in the hierarchical 

linear regression models. Hierarchical linear regression models were constructed to examine the 

independent association of both comfortable and fast gait speeds with physical performance (30-
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SCS and FR) and cognition (DSST, CDT, and Flanker effect). Also considered was the concern of 

multicollinearity between variables as it may inflate the size of the error terms, which could 

weaken the analysis by making it more difficult to reject the null hypothesis [46]. Subsequently, 

variables with bivariate correlations of greater than .70 should only be cautiously entered into the 

same analysis as these variables may be found to have multicollinearity [47] Therefore due to the 

high correlation between the TMT-B and DSST (r = 0.70), the TMT-B was not included in regression 

model. In Model 1, the physical performance variables were included followed by the cognitive 

variables in Model 2. This approach allows separate analysis regarding contribution of each set of 

variables (physical performance variables and cognitive variables) to the prediction of gait speed. 

Alpha level was set at .05. 

3. Results 

The participant characteristics are presented in Table 1. The average age of the participants 

was 80.80 years (SD: 8.01) and 71% were female. The participants in the study had an average 

comfortable gait speed of 1.00 m/s (SD: 0.27) and an average fast gait speed of 1.41 m/s (SD: 0.37).  

Bivariate correlation coefficients are reported in Table 2. Comfortable gait speed was 

significantly associated with the 30-SCS (r = 0.54; p = <0.001), FR (r = 0.53; p = <0.001) , TMT-B (r = 

-0.34; p = 0.004), total number of boxes completed on the DSST (r = 0.48; p = <0.001), and flanker 

effect (r = -0.28; p = 0.02). There was no significant association with simple reaction time; 

therefore, it was not included in further analyses. Fast gait speed was significantly associated with 

the 30-SCS (r = 0.55; p = <0.001), FR (r = 0.44; p = <0.001), TMT-B (r = -0.32; p = 0.007), total 

number of boxes completed on the DSST (r = 0.57; p = <0.001), and CDT (r = -0.26; p = 0.03). No 

significant association was found between fast gait speed and simple reaction time; therefore, it 

was not analyzed further. In the hierarchical linear regression (Tables 3 and 4), physical 

performance variables including the 30-SCS and FR explained 44.80% and 38.20% of the variance 

(adjusted r2) in comfortable and fast gait speed, respectively as outlined in Model 1. The addition 

of cognition in Model 2 contributed significantly to both comfortable (F change = 3.34; p = 0.04) 

and fast (F change = 3.78; p = 0.03) gait speed. Unique predictors of comfortable gait speed in 

Model 2 included 30-SCS (B=1.86, p<0.001), FR (B=3.37, p=0.005), and Flanker effect (B=-0.02, 

p=0.05). This indicates that individuals who demonstrated greater lower extremity strength and 

balance and demonstrated greater executive function and cognitive inhibition were able to walk at 

a faster pace in the comfortable gait speed condition. Unique predictors of fast gait speed in 

Model 2 included 30-SCS (B=2.61, p<0.001), FR (B=3.58, p=0.04), and DSST (B=0.95, p=0.01). This 

indicates that individuals who demonstrated greater lower extremity strength and balance and 

demonstrated greater processing speed were able to walk at a faster pace in the fast gait speed 

condition. 
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Table 1 Participant demographic characteristics (N = 66). 

Variable Mean (SD) Range Reference, normal 

Age, y 80.8 (8.01) 61-86  

Comorbid Health 

Conditions 

3.18 (1.74) 0-8  

Falls in Past Month 0.22 (0.54) 0-3  

Mini-Mental Status 

Examination Score 

28.57 (1.31) 25-30 < 24/30, considered 

abnormal 

30-Second Chair Stand 

Score, repetitions 

10.38 (6.0) 0-25 9-14 repetitions 

Functional Reach Score, in 9.87 (2.32) 5.08-15.17 10.5 inches 

Comfortable Gait Speed, 

m/s 

1.0 (0.27) 0.32-1.55 0.85-1.03 m/s 

Fast Gait Speed, cm/s 1.41 (0.37) 0.46-2.30 1.59 m/s 

Clock Drawing Test score 1.97 (2.46) 0-7 >4, considered abnormal 

Flanker Task Reaction Time, 

Congruent Trials 

1597.53 (550.13) 1002.3-4331.0  

Flanker Task Reaction Time, 

Incongruent Trials 

1701.43 (477.72) 953.31-3458.2  

Trail Making Test (Part B), 

time in seconds 

127.45 (81.22) 11.31-519.00 ~90 seconds 

Digit Symbol Substitution 

Test, number completed 

42.09 (12.5) 13-76  

Table 2 Pearson correlation matrix. 

Variable Comfortable Gait Speed, 

cm/s 

Fast Gait Speed, cm/s 

30-Second Chair Stand Score 0.54a 0.55a 

Functional Reach Score, in 0.53a 0.44a 

Trail-Making Test (Part B) -0.34a -0.32a 

Clock Drawing Test score -0.20 -0.26b 

Flanker Effect -0.28b -0.22 

Digit Symbol Substitution Test, 

number completed 

0.48a 0.52a 

Notes: ap < .001; bp < .05 
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Table 3 Hierarchical linear regression summary for comfortable gait speed (cm/s). 

Independent 

Variable 

Comfortable Gait Speed 

R2 R2 Change Adjusted 

R2 

Unstandardized 

B (Standard 

Error) 

Standardized 

 

P 

Model 1 0.465 0.465 0.448    

30-SCS    1.98 (0.4) 0.47 <.001 

FR    4.68 (1.06) 0.42 <.001 

Model 2 0.518 0.053 0.486    

30-SCS    1.86 (0.4) 0.44 <.001 

FR    3.37 (1.16) 0.3 0.005 

DSST completed    0.35 (0.22) 0.16 0.118 

Flanker     Effect    -0.02 (0.01) -0.19 0.046 

Notes: 30-SCS, 30-Second Chair Stand; FR, Functional Reach; DSST, Digit Symbol Substitution Test 

Table 4 Hierarchical linear regression summary for fast gait speed (cm/s). 

Independent 

Variable 

Fast Gait Speed 

R2 R2 Change Adjusted 

R2 

Unstandardized 

B (Standard 

Error) 

Standardized 

 

P 

Model 1 0.401 0.401 0.382    

30-SCS    2.9 (0.62) 0.46 <.001 

FR    5.64 (1.59) 0.35 0.001 

Model 2 0.468 0.066 0.433    

30-SCS    2.61 (0.61) 0.42 <.001 

FR    3.58 (1.73) 0.22 0.042 

DSST completed    0.95 (0.36) 0.32 0.011 

CDT Score    0.81 (1.78) 0.05 0.651 

Notes: 30-SCS, 30-Second Chair Stand; FR, Functional Reach; DSST, Digit Symbol Substitution Test; 

CDT, Clock-draw test 

4. Discussion 

The results of this study contribute to the current literature of predictors of comfortable and 

fast gait speed in community-dwelling older adults. It investigated the interplay of physical 

performance measures and specific cognitive domains that have previously been identified 

separately in the existing literature as variables associated with gait speed. Results indicate that 

lower extremity strength, balance, and executive function were unique predictors of comfortable 

gait speed while lower extremity strength, balance, and processing speed were unique predictors 

of fast gait speed. As summarized in the hierarchical linear regression model 2, these predictors 

explained 48.60% of the total variance in comfortable gait speed and 43.30% of the total variance 
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in fast gait speed. The results support the first hypothesis, that strength and balance would both 

be strong predictors of comfortable and fast gait speed, even after the addition of the cognitive 

variables. The second hypothesis was partially supported. Executive function was found to be the 

strongest cognitive predictor of comfortable gait speed but not fast gait speed.  

These results corroborate previous research findings that lower extremity strength and balance 

are key predictors of gait speed. These findings add to the body of literature by providing evidence 

that both are predictive for both comfortable and fast gait speed. The relationship between lower 

extremity strength and gait speed has been demonstrated primarily using measures of 

dynamometry [14, 18, 27, 28]. Specifically, knee extensor, hip extensor, and ankle plantarflexor 

strength have all been shown to have associations with gait speed using these methods [18, 28].  

In a recent study by the Mantel et al. (2018), the 30-SCS demonstrated significant predictive value 

for comfortable and fast gait speed. The action of rising from a chair in the 30-SCS requires the 

activation hip and knee extensors, allowing practicing clinicians to perform a functional 

assessment of lower extremity strength when gait speed deficits are present. The effect of balance 

on gait speed has been less studied and the available literature lacks homogeneity of balance 

assessments. Studies have shown positive associations between gait speed and measures of 

postural sway, sensory integration, and limits of stability [14-17]. While these results are 

encouraging, future research is needed to determine which components of balance are most 

influential to gait speed for specificity of intervention development.  

Analyses revealed that the addition of cognitive variables showed significant contributions to 

the total variance in both comfortable and fast gait speeds. This contribution remained significant 

in spite of the large amount of variance explained by strength and balance. This additional 

variance explained adds to the literature by highlighting the interplay of physical and cognitive 

variables affecting the outcome of gait speed. Both physical and cognitive factors have a role and 

thus are important to consider during an exam.  

In a 2016 meta-analysis of 26 cross-sectional studies investigating the relationship between gait 

and cognition, authors found small effect sizes in favor of positive association between gait speed 

and executive function and processing speed [48]. In agreement with previous cross-sectional 

findings [20, 21], this study found associations between comfortable gait speed and cognitive 

domains of executive function and processing speed. However, few studies have included fast gait 

speed when investigating the association between gait speed and cognition [30, 31]. This study 

found differences in predictors, in that executive function independently predicted comfortable 

gait speed while processing speed independently predicted fast gait speed. This partially supports 

the study hypotheses that the executive function domain would be a unique predictor of both 

comfortable and fast gait speed. Soumare and colleagues (2009) found that processing speed was 

more specifically associated with fast gait speed than executive function after controlling for 

confounders. In contrast, another study found that executive function was independently 

associated with fast gait speed, but not comfortable gait speed, after adjusting for cofounders [31]. 

These mixed findings highlight the complexity of cognitive processes’ that are required to adapt to 

a less-automatic physical performance task such as fast walking. Multiple studies have 

demonstrated the influence of higher cognitive processes on gait under varying conditions such as 

fast walking or dual-task walking [21, 49, 50]. Additionally, these differences may be explained by 

the heterogeneity among studies investigating cognition and gait speed, with variations and 

overlap in the interpretation of the cognitive domain measured. In contrast to previous studies 
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investigating cognition and gait speed, the current study also included physical performance 

variables which may have contributed to the non-significance of some cognitive measures in the 

final regression model, despite significance found in bivariate correlations.   

The interplay found between physical performance and cognition urges clinicians and 

researchers to investigate and evaluate gait speed with an interdisciplinary approach. As stated 

previously, gait speed has been recognized as a useful screening tool to offer insight into future 

health status functional decline, and fall risk [5]. This study suggests that if an older adult was 

screened using a gait speed assessment and was found to have gait speed deficits, further 

assessment of both physical and cognitive function is warranted to identify the most appropriate 

therapeutic interventions. A geriatric patient is often under the care of multiple healthcare 

providers who have the ability to collaborate to optimize the health and functioning of an older 

adult. The simplicity of administering a gait speed assessment allows many healthcare 

professionals to perform a screening and evaluate the need for further assessment of gait speed 

predictors identified in current literature. Physical impairments of strength and balance may be 

evaluated and treated by a professional such as a physical therapist, while cognitive impairments 

are better served by a professional such as a physician or speech language pathologist. 

This study is not without limitations. The sample was very homogenous, limiting the 

generalizability of the findings. Additionally, while the sample size was adequate to address the 

particular research question regarding the interplay between physical performance and cognition 

on gait speed, a larger sample would allow sub-analyses to be performed based on gender or age 

to determine any impact those variables may have on these findings as these variables may have 

some confounding effect on the interplay between cognitive and physical performance variables. 

Additionally, a larger sample size would allow more sophisticated statistics, such as structural 

equation modeling, to allow a better understanding of the relationships that have been identified 

in this study. 

5. Conclusions 

This study suggests that both comfortable and fast gait speed are primarily predicted by 

strength and balance. Many clinicians are qualified to use gait speed as a screening tool for older 

adults. When a gait speed deficit is found, commonly used clinical measures of functional lower 

extremity strength and balance can be used to further assess the source of the impairment. The 

interplay found between physical performance and cognition emphasizes the importance of 

interdisciplinary care. Future studies should investigate the longitudinal associations between gait 

speed, cognition, and physical performance variables to better understand the directionality of 

these relationships. 
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Abstract  

Individuals with dementia frequently report poor quality of life (QOL), which declines as their 

disease progresses. Some evidence suggests that physical activity may help maintain 

cognitive function in older age, but it is unclear whether physical activity affects quality of 

life in older adults with dementia. The purpose of this review paper is to explore whether 

and how physical activity impacts QOL in patients with diagnosed dementia in different 

residential settings. To conduct this systematic review, the following search terms were 

inputted into the search bars of three databases:(dementia OR Alzheimer) AND (walking OR 

physical activity OR exercise OR fitness) AND (community OR nursing home OR independent 

living OR green care) AND (Quality of Life). A total of ten articles met the study inclusion 

criteria. Several studies reported a positive correlation between physical activity 

intervention programs and QOL outcome measures, pertaining to socialization and positive 

emotions, and an increase in physical endurance capacity among program participants. 

However, most results were not statistically significant. We conclude that more large studies 

need to be conducted in order to establish whether there is a significant positive dose-
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response relationship between physical activity intervention programs and QOL measures 

among individuals with diagnosed dementia.  

Keywords  

Dementia; Alzheimer’s disease; physical activity; quality of life; nursing home; community 

dwelling 

 

1. Introduction 

The current prevalence of Alzheimer’s disease in the United States is 5.8 million individuals [1]. 

Of these, an estimated 5.6 million are aged 65 years or older.  This number is expected to continue 

to rise in the next decades due to the increasing number of older individuals among the U.S. 

population. Studies estimate that by 2025, there will be a 27% increase in the number of 

individuals older than 65 living in the United States with Alzheimer’s disease [1].  

The number of individuals living with Alzheimer’s disease is not expected to decline in the near 

future, therefore, it is important to consider its overall costs on our healthcare system. An 

estimated $290 billion was spent on dementia care in long-term care and hospice in 2019 alone. 

Government spending through Medicare and Medicaid covered approximately 67% of the total 

health care cost of dementia. Out of pocket payments, with its direct impact on family finances, 

make up to an estimated 22% [2]. 

About 70% of individuals older than 65 living with dementia reside in the community, a 

dramatic difference from the 98% of those not diagnosed with dementia [2]. Many of the 

dementia diagnosed individuals receive some form of paid care. From 2017 to 2018, the average 

cost of assisted living ranged from $45,000 to $48,000 per year and nursing home care ranged 

from $85,775 to $89,297 a year [3, 4]. There is no public program, aside from Medicaid, that will 

pay for long term nursing home care [2]. 

Actively managing dementia has been shown to lead to an improvement in quality of life (QOL), 

including participation in meaningful activities and opportunities to socialize with other dementia 

diagnosed patients [5]. Additionally, studies suggest that physical activity may improve cognitive 

function for dementia patients [6, 7]. The purpose of our review is to examine whether physical 

activity impacts QOL in patients diagnosed with dementia, and also to explore whether the 

residential setting where these individuals live (nursing home or community-dwelling) play a role 

in the relationship between physical activity and QOL. 

2. Materials and Methods 

2.1 Methods  

We input the following search terms into the PubMed, EMBASE, EBSCO (PyschInfo, Ageline, and 

CINAHL) search bars: (dementia OR Alzheimer) AND (walking OR physical activity OR exercise OR 

fitness) AND (community OR nursing home OR independent living OR green care) AND (Quality of 

Life). This search was conducted in September 2018 and contains articles from the year 2000 to 

the month the search was conducted. 
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The PubMed search resulted in 526 peer reviewed articles. Applying study criteria, the articles 

were then reviewed for relevance to our study. Articles that did not mention dementia, 

interventions involving physical activity, or no mention of the association of physical activity with 

QOL in dementia diagnosed patients were excluded from our study. From the PubMed search, 

seven articles were retained for our systematic review.  

Our EBSCO search, in which we gathered articles from PsychInfo, Ageline and CINAHL yielded 

243 articles. We added filters in which we selected results for which our search terms were 

present in the Abstract portion of the article. We also added filters for the articles to be peer 

reviewed, journal articles, and in English. There were 120 articles excluded since they were 

duplicates from PubMed and Embase. Of the remaining 123 articles, 122 were excluded due to the 

same criteria that was used with the PubMed articles. Zero articles met the criteria to the be 

included.  

In EMBASE, we had a search result of 384 articles. We had our filters set to only search for our 

key terms in the title, Abstract, and author keywords portions of the journal articles. 17 of the 

articles were excluded since they were duplicates. Of the 367 articles that remained, three met 

our criteria to be included in our systematic review. Figure 1 provides a visual of our reasons for 

exclusion.  

A total of ten articles were included in our systematic review.  

 

Figure 1 Database Search History with Exclusion Criteria Outlined. 



OBM Geriatrics 2020; 4(3), doi:10.21926/obm.geriatr.2003133 

 

Page 19/119 

2.2 Inclusion Criteria 

Studies included in our systematic review were required to have examined the correlation 

between physical activity and the QOL of individuals living with dementia as one of their main 

outcomes, there needed to be a QOL measurement scale present in the study with both baseline 

and end of study measurements. The study needed to explicitly state whether their study subjects 

lived in nursing homes or were community dwellers. 

2.3 Exclusion Criteria 

Studies that were not examining dementia, physical activity, QOL, or the experiences of the 

individual living with dementia were excluded from this systematic review. Additionally, due to 

our interest in study results, uncompleted studies were excluded. 

2.4 Quality Assessment 

The Jadad Scale was used to evaluate the quality of each of the randomized controlled trials. 

Items on the scale are randomization, blinding, and whether or not the study accounts for 

withdrawals and dropouts (Table 1). The scale is rated from zero to five with a score of five being a 

study of high quality [8].  

For non- randomized studies, we used the Methodological Index for Non-Randomized Studies 

(MINORS) instrument to assess the quality of each study [9] (Table 2). 

Table 1 Quality Assessment for Randomized Controlled Trials using the Jadad Scale [8]. 

Item Lamb  

et al. [10]  

Ballard  

et al. [11]  

Henskens  

et al. [12]  

Hoffmann  

et al. [13]  

Telenuis  

et al. [14]  

Tanaka  

et al. [15]  

Randomizatio

n Mentioned 
1 1 1 1 1 1 

Randomizatio

n Appropriate 
0 1 1 1 1 1 

Blinding 

Mentioned 
0 1 1 1 1 1 

Blinding 

Appropriate 
0 -1 -1 -1 -1 -1 

Withdrawals 

and Dropouts 

Mentioned 

1 1 1 1 1 1 

Total 2 3 3 3 3 3 
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Table 2 Quality Assessment for Non-Randomized Trials using the MINORS. 

MINORS [9] 
La Rue  

et al. 

Henskens  

et al. 
Taylor et al.  Olsen et al.  

Clearly stated aim 1 1 1 1 

Inclusion of consecutive patients 0 1 0 1 

Prospective collection data 1 1 1 0 

Endpoints appropriate to the aim 

of the study 
1 1 1 1 

Unbiased assessment of the study 

endpoint 
0 0 0 0 

Follow-up period appropriate to 

the aim of the study 
1 1 1 0 

Loss to follow up less than 5% 0 0 0 0 

Prospective calculation of the 

study size 
0 0 0 0 

An adequate control group N/A 1 0 N/A 

Contemporary groups N/A 1 0 N/A 

Baseline equivalence of groups N/A 0 0 N/A 

Adequate statistical analyses N/A 1 1 N/A 

Total 4 8 5 3 

2.5 QOL Scales 

There are several scales used to assess QOL in research. Table 3 lists the QOL scales utilized 
specifically in the studies included in this review alongside the number of items measured, 
subscales and scoring for each QOL scale. The number of items measured range from five to 37. 
While the range of items vary, the topics covered in the scales are similar. The QUALIDEM, Quality 
of Life in Dementia (QOL-D), and DEMQOL-PROXY scales each have two topics that ask specifically 
about “positive affect/emotion” and “negative affect/emotion” [16, 17, 19, 20]. The SF-36 HRQL, 
Qualidem, and QUALID explicitly address social interaction [16-18, 21]. Additionally, the QUALID 
and Qualidem were administered by caregivers who work closely with the subjects observed [10-
12]. The QUALID, Qualidem, and DEMQOL-PROXY state in their studies that they use a Likert 
Rating Scale for their scale scoring [16, 17, 20, 22].  
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Table 3 Overview of QOL Scales. 

SCALE ITEMS SUBSCALES SCORING 

Quality of Life in Late 

Stage Dementia 

(QUALID) [18]  

11 

Smiles, appears sad, cries, has facial 

expression of discomfort, appears physically 

uncomfortable, verbalizations suggest 

discomfort, irritable or aggressive, enjoys 

eating, enjoys touching/being touched, 

enjoys interacting with others, appears calm 

and comfortable 

The lower the score the 

better the QOL (11-55) 

QUALIDEM [16, 17] 37 

Care relationship, positive affect, negative 

affect, restless tense behavior, positive self-

image, social relations, social isolation, 

feeling at home, having something to do 

The higher the score the 

better the QOL (0-27) 

QOL-AD (Quality of 

Life in Alzheimer’s 

disease) [22]  

13 

Physical health, energy, mood, living 

situation, memory, family, marriage, 

friends, self as a whole,  

The higher the score the 

better the QOL (13-52) 

European Quality of 

Life–5 Dimensions 

(EQ-5D) [23] 

5 
Mobility, self-care, usual activities, 

pain/discomfort, anxiety/depression 

The higher the score the 

better the QOL 

Qol-D 

(Quality of Life in 

Dementia) [19]  

31 

Positive affect, negative affect and actions, 

ability of communications, restlessness, 

attachment with others, spontaneity and 

activity 

Scoring Unspecified  

DEMQOL-PROXY 

(DEMQOL Performed 

By Caregiver) [24]  

31 

Cognition, negative emotion, daily activities, 

positive emotion, appearance, non- and -

cross- loaders 

The higher the score the 

better the QOL (31-124)  
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Though there are similarities between the scales, there are a few key differences that set these 
scales apart. The Qualidem is used to examine subjects with mild to severe dementia and is scored 
by adding the mean scores of the nine subscales together as opposed to the other studies in which 
the scores of the items are added together [16, 17]. The QOL-D used in the study for this 
systematic review was meant for use in evaluating subjects in Japan and is the only scale to 
include an item pertaining to living situation [22]. 

3. Results 

3.1 Comparison of Study Designs 

Of the ten studies which met the inclusion criteria (see Table 4), six studies were randomized 

controlled trials, [10-15] two studies were quasi-experimental studies [25, 26], one study was a 

cohort study [27], and one study was a cross sectional study [28].  

Five of the studies observed community dwelling individuals [10, 13, 15, 25, 27], four studies 

observed nursing homes [10, 11, 14, 26], one study compared community dwelling individuals to 

nursing home residents [28]. 

The sample sizes for the studies ranged from 33 participants to 494 participants, there were no 

differences in sample sizes by living situations. The trial length ranged from three months to 20 

months. The longest trial time of 20 months was observing community dwelling participants [25]. 

Aside from two studies that only examined mild dementia and mild Alzheimer’s disease, the 

other studies observed varying stages of dementia ranging from mild to severe. Mild dementia is 

defined by the Clinical Dementia Rating (CDR) scale as an individual with moderate memory loss, 

moderate difficulty with time relationships, moderated difficulty in handling problems, similarities 

and differences, however, their social judgement is typically maintained, unable to function 

independently but still engaged, and mild but definite impairment of function at home. Moderate 

dementia is defined as severe memory loss in that only highly learned material is retained and 

new material is rapidly lost, severe difficulty with time relationships, severely impaired handling 

problems, similarities, and differences, at this stage judgement is typically impaired, and only 

simple chores are preserved. Lastly, the severe stage of dementia is defined by severe memory 

loss (only fragments remain, oriented to person only, inability to make judgements or solve 

problems, cannot be taken outside of family home and there is no significant function in home) 

[29]. 
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Table 4 Summary characteristics of studies investigating the role of physical activity for promoting QOL in individuals with dementia or 

mild cognitive impairment. 

Authors Location 
Living 

Situation 

QOL 

Measure 

Stage of 

AD/Dementia 
n Study Type 

Study 

Length 
Results 

La Rue 

et al. 

[25]  

Wisconsin 
Community 

Dwelling 
QOL-AD 

Mild 

Dementia 
64 

Quasi-Experimental: volunteer pairs met 

2x/week for exercise, language 

engagement, and social outing/volunteer 

work, no control group 

20 

months 

No significant change in 

QOL were observed 

Lamb et 

al. [10] 
England 

Community 

Dwelling 
EQ - 5D 

Mild to 

Moderate 

Dementia 

494 

Randomized Controlled Trial: supervised 

group aerobic/resistance exercise 

sessions 2x/week (plus weekly 

unsupervised exercise session at home) 

for 4 months; then 8 months 

unsupervised exercise program. The 

control group received usual care. 

12 

months 

Intervention program did 

not improve QOL. 

Although physical fitness 

increased, cognitive 

function decreased in the 

treatment group more 

than control group over 

the 12-month study 

period. 

Henskens 

et al. [26] 
Netherlands 

Nursing 

Home 
Qualidem 

Moderate to 

Severe 

Dementia 

141 

Quasi- Experimental: 2 nursing homes 

were non-randomly assigned as either 

the intervention or control (as usual 

care). The intervention included training 

on physical activity and independence in 

everyday activities 

12 

months 

No significant impact on 

overall QOL, but there 

was an increase in 

positive self-image for 

those in the intervention 

group after 12-month 

follow-up. 
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Ballard et 

al. [11] 

United 

Kingdom 

Nursing 

Home 

DEMQOL 

- PROXY 

Mild to 

Severe 

Dementia 

277 

Randomized Controlled Trial (4 groups, 

factorial design): an antipsychotic 

(medication) review intervention, an 

exercise intervention targeting 1 h/week 

individualized plan, a social interaction 

intervention for at least 1-h/week, and 

person-centered care only (control) 

9 

months 

There was significant 

improvement in QOL for 

those receiving the social 

intervention. For the 

exercise intervention, 

there was no impact on 

overall QOL, but 

improvement in positive 

emotion 

Henskens 

et al. [12] 
Netherlands 

Nursing 

Home 
Qualidem 

Moderate to 

Severe 
87 

Randomized Controlled Trial (4 groups): 

aerobic/strength training 3x/week and 

activities of daily living training, social 

activity 3x/week and activities of daily 

living training, aerobic/strength training 

and care-as usual, social activity and 

care-as-usual 

6 

months 

There was no effect of 

aerobic/strength training 

on OL, but ADL training 

improved QOL 

constructs, including care 

relationship, positive self-

image, and feeling at 

home 

Taylor et 

al. [27] 
Australia 

Community 

Dwelling 
QOL - AD 

Mild to 

Moderate 

Dementia  

33 

Quasi-Experimental: all participants were 

offered a home based individual tailored 

exercise program; there was no control 

group 

6 

months 

There was no significant 

change in QOL post-

intervention 

Hoffmann 

et al. [13] 
Denmark 

Community 

Dwelling 
EQ - 5D 

Mild 

Alzheimer’s 
200 

Randomized Controlled Trial: intervention 

group enrolled in supervised exercise 

group 3x a week; control group received 

treatment as usual 

4 

months 

No significant changes in 

HRQOL for the 

intervention group versus 

control.  
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Telenuis 

et al. [14] 

Oslo, 

Norway 

Nursing 

Home 
QUALID 

Mild to 

Moderate 

Dementia 

170 

Randomized Controlled Trial: the 

intervention was an intensive strength 

and balance session 2x/week; the control 

group participated in leisure activities 

2x/week (reading, games, music, and 

conversation) 

3 

months 

No significant change in 

QUALID score in 

intervention versus 

control, but the 

intervention group 

reported more significant 

decrease in feelings of 

apathy compared to 

controls 

Tanaka et 

al. [15]  
Japan 

Community 

Dwelling 
QOL-D 

Mild to 

Severe 

Dementia  

60 

Randomized Controlled Trial (3 groups): 

a 1-h group intervention 2x/week, a 20-

min personal training intervention 

2x/week, and control group receiving 

usual care 

3 

months 

QOL scores did not 

change in the 

intervention groups 

compared to the control 

group 

Olsen et 

al. [28]  
Norway 

Community 

Dwelling & 

Nursing 

Home 

QUALID 

Mild to 

Severe 

Dementia 

193 Cross Sectional N/A 

Home Dwelling 

participants participated 

in more moderate 

activity and had higher 

QOL than nursing home 

individuals. Physical 

activity was not 

significantly associated 

with QOL after 

accounting for residence. 
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3.2 QOL Outcome Measure 

Six distinct QOL scales were used in these studies. Two studies used the QUALID scale [14, 28], 

two studies assessed their QOL outcome using the Qualidem scale [12, 26], two studies used the 

QOL-AD scale [25, 27], two used the EQ-5D scale [10, 13], one used the QOL-D scale [15], and one 

used the DEMQOL-PROXY scale [11]. 

3.3 Main Findings 

One study found a linkage between physical activity and QOL [28]. The study by Olsen et al. 

examined dementia patients residing in nursing homes and those living in the community using a 

cross sectional study design. The authors found that individuals in nursing homes were 

significantly less active and spent the majority of their time involved in sedentary activities 

compared to community dwelling individuals, as measured by an actigraphy device. The nursing 

home dwelling dementia patients reported lower QOL. After performing a regression analysis, the 

study demonstrated place of residency had a significant role in lower QOL, after controlling for 

confounding of age, gender, social encounters, use of walking aids, moderate physical activity 

level, light exposure, and medication. The study further concluded that, when looking at change in 

QOL over time, residency accounted for 25% of the change in QOL among subjects with moderate 

dementia (p-value = 0.039). Community dwelling subjects living with dementia had a mean change 

in QOL of -0.38 compared to the mean change in QOL of 1.73 in nursing home resident living with 

dementia. Baseline QUALID Score and institutionalization significantly predicted the change in 

QUALID after a six months period (p<0.05) [28]. 

The remaining physical activity intervention studies did not observe significant changes in the 

QOL of dementia diagnosed patients following the intervention [10-15, 25-27]. There were 

improvements in QOL scale categories pertaining to positive self-image, apathy, and positive 

emotion [11, 14, 26]. One study observed that the intervention group scored significantly better 

compared to the control group on the Qualidem’s positive self-image subscale following a 12 

month period (p-value < 0.001) [26]. Another study found the difference between the physical 

activity intervention group and the control group to be borderline statistically significant for 

apathy (p-value = 0.048) [14]. Ballard et al.’s study found an improvement in positive emotion for 

the exercise arm of their intervention (p-value < 0.0001). Additionally, in their social intervention 

there was a significant improvement in QOL (p-value = 0.04) [11]. All three of these studies 

observed residents in nursing homes [11, 14, 26]. 

4. Discussion 

One study used in our systematic review identified a positive correlation between participation 

in intervention programs and QOL outcome measure while other studies reported positive 

associations with particular aspects of QOL, but the association with total QOL was not significant 

[10-13, 26]. It is unclear why the relationship between physical activity and QOL were observed for 

some studies and not others. Sensitivity analyses from studies may shed some light.  

Three studies observing community dwelling subjects demonstrate a possible relationship 

between physical activity tolerance with the change in QOL [10, 13, 25]. Participants with mild 

Alzheimer’s disease who attended more sessions had higher ratings of overall QOL [13]. A few 
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studies also reported that individuals who achieved higher levels of exercise as the intervention 

progressed, had higher mean change in QOL [10, 25]. These findings suggest the potential for 

certain individuals who can handle more intensive exercise benefitting more from a physical 

activity intervention, particularly for those with mild dementia since two of the three studies only 

observed patients with mild Alzheimer’s or mild dementia [13, 25]. These findings could point 

future studies in the direction of studying the characteristics of individuals who benefit from 

exercise interventions to better understand which individuals to target in policy making and 

program implementation.  

From our systematic review, one study suggests a positive relationship between QOL in 

dementia diagnosed individuals and physical activity [28]. While physical activity does improve 

some aspects of QOL, there is insufficient evidence that this leads to an improvement in overall 

QOL [12, 13, 15, 27]. There may be significant improvement in QOL for participants enrolled in 

programs that encourage social interactions with interventions that were personalized to include 

individual interests and life histories [11]. The studies that saw improvement in particular aspects 

of QOL relating to positive emotions were all studies observing nursing home residents [11, 12, 26]. 

In future research, it will be important to examine how a multidimensional intervention that 

incorporates both social interaction and physical activity could significantly improve QOL as 

opposed to an intervention that solely focuses on physical activity. 

Participation in a physical activity intervention led to an increase for particular QOL outcomes, 

as measured by belonging, feeling more at home, positive self-image, positive effect on QOL, 

apathy, and agitation [12]. One study observed that performing familiar activities that were 

representative of their former home life made participants feel more at home [12]. Social 

interaction in combination with Person Centered Care significantly improved QOL [11]. 

Observation of the importance of group membership to maintain and promote well-being was 

reported [15]. Among nursing home residents, physical activity may reduce apathy and agitation 

[14].  

Although our findings demonstrate possible positive implications on QOL from physical activity 

interventions, the quality of the studies included in our systematic review were weak to moderate. 

The Jadad scale was applied to our randomized controlled trials, each of the six studies scored a 

two or a three due to their inability to double blind [8, 10-15]. The MINORS instrument was used 

for nonrandomized studies, these studies ranged from three to eight [9, 25-28]. The study with a 

score of eight was the highest quality study of our included studies [26]. 

4.1 Strengths and Limitations 

We did not identify differences in study methods between studies that reported an effect on 

QOL from those that did not. The study length, QOL measurement scales, and study types varied 

in both groups of studies. The QOL measurement scales may not be comparable due to the varying 

number of items and inclusion of different QOL aspects. Additionally, there may be relevant 

studies not captured in this review since the researchers did not look at overall QOL specifically 

but aspects of QOL were assessed during the study. Some of these aspects may be more sensitive 

to individuals living with dementia. In their reported study limitations, several authors drew 

attention to the reduced generalizability of their interventions to a broader population because 

some studies included or limited participants based on the severity of dementia and other studies 
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did not differentiate severity of dementia among study subjects [15, 27]. Another major limitation 

included lack of control groups in some of the intervention studies. In the majority of the studies, 

the control arm was a group of participants who were receiving the standard level of care, but it is 

unclear how intervention groups would compare to individuals receiving no care. Several of the 

studies included a social interaction component that may have additionally impacted the results of 

the overall QOL since Ballard et al. found that their social interaction intervention group had 

better overall QOL results than the physical interaction group [10-12, 15, 25, 26]. Lastly, in a study 

examining wellbeing in the elderly population, the authors posed the question of whether or not 

wellbeing, which is similar to our definition of QOL, is a stable concept and whether the current 

QOL measures are not sensitive enough to capture minor changes in individual wellbeing [30]. 

Finally, studies that did not specify the stage of dementia of their participants were more likely 

to observe some improvement in QOL as a result of their intervention compared to studies that 

exclusively examined participants in a particular dementia stage [10, 11, 28]. This finding suggests 

that more research should be done to specify a subpopulation of individuals living with dementia 

in which a physical activity intervention would be most beneficial.  

A strength of this review is that it highlights the complexity of conducting research among a 

population of subjects living with a condition that is difficult to define in terms of severity, varying 

standards of care, and comorbid conditions. It is at times challenging to categorize this population 

since dementia is such a heterogeneous disease and individuals with dementia frequently have 

multiple comorbidities [31]. 

4.2 Implications 

Alzheimer’s disease not only burdens the individuals living with the disease but also their 

families and caregivers. In terms of disability -adjusted life years (DALYs), the unit for measuring 

disease burden, Alzheimer’s disease ranked sixth on a 2016 list of most burdensome diseases in 

the United States [2]. This is a six-rank increase from the 1990 list. The increase in disease burden 

contributes to the urgent need for large randomized controlled studies to examine the role of a 

range of physical activity interventions on the QOL of individuals living with dementia. Improving 

QOL can be a factor that contributes to reducing the disease burden on, not only the individual, 

but also care-giving burden on their families and caregivers.  

This systematic review’s purpose was to examine if and how physical activity impacts the QOL 

of dementia diagnosed patients in nursing homes compared to those residing in the community. 

Results from our review of the literature showed that in some intervention studies in nursing 

home residents, physical activity led to improvements in some aspects of QOL, though total QOL 

was not significantly improved overall. Nursing homes may be promising sites for physical activity 

program implementation in individuals with dementia because it could be easier to ensure study 

adherence [11, 12, 26].  

In the United States, community dwelling and traditional nursing homes are the primary living 

situations for individuals living with dementia, but other options of care could be considered. In 

the Netherlands and Canada, there has been a shift towards a different form of “nursing home” 

care called “dementia villages.” These villages, designed for individuals living with severe dementia, 

provide individuals with a sense of independence that is different from a traditional nursing home. 

The center resembles a small town where residents are allowed to roam independently – 
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partaking in activities of their choosing. Meanwhile, hidden cameras and discreet staff ensure the 

safety of residents. The rationale for creating such a living environment was to provide individuals 

with the feeling of home without risking their safety. Due to the independence and preservation 

of dignity that these environments support, “dementia villages” may also promote physical activity. 

The physical activity comes from the residents’ ability to attend programs that are of interest and 

freedom to walk about the village [32, 33]. 

5. Conclusions 

While few studies proved physical activity has a significant role in overall QOL, there were 

several studies that demonstrated how an intervention involving physical activity improved 

aspects of QOL. Overall, these study findings point toward a positive relationship between physical 

activity and QOL among individuals with dementia. Large controlled trials among both nursing 

home and community dwelling study participants are needed to provide the evidence base for 

intervention program development. One study reported evidence that social interaction may be 

critical to improving QOL in dementia patients, but this line of research was outside the scope of 

this current review. Study interventions involving physical activity or social interaction alone, and 

in combination, could help identify optimal program interventions among this growing population. 
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Abstract  

Covid-19 pandemic has been infecting a substantial portion of the world population, thereby 

revealing quality deficits in health care in the majority of the countries around the globe. 

Severe illness and mortality from Covid-19 infection are present predominantly in minorities; 

especially they are more frequent in geriatric patients. Unfortunately, our knowledge is 

limited about what accounts for the variability in immune response from one person to 

another. This question is far from being merely academic, and finding its answer assumes 

critical importance for the future of global health. 

Keywords 

Covid-19; immune senescence; elderly; ACE2; hypertension 

 

Risk factors, such as smoking, physical inactivity, obesity, and inappropriate eating habits, are 

significantly influenced by the environment in which people live. Social factors, especially in 

minority populations, also contribute to a disproportionately high rate of chronic illness and delays 

in getting health care [1]. In some countries, especially in low-income and education minorities, 

these factors could explain the high frequency and virulence of Covid-19 infection. Climate 

changes could put an additional one billion people at risk of tropical vector-borne diseases, which 

are emerging with increasing frequency and have the potential for causing pandemic diseases [1]. 
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However, the highest mortality from Covid-19 infection is observed mostly in geriatric patients. 

This fact should force medical science to understand and determine global demographic changes; 

the world is facing. According to the United Nations projections, by 2050, there will be more than 

twice as many people over 65 as there are children under 5, and the number of people older than 

65 globally will surpass the number of people in the age group of 15-24 years [2]. This global aging 

might pose widespread public health challenges, significantly increasing the burden of geriatric 

pathologies and exposing the vulnerable elderly population to infectious diseases [1]. 

Angiotensin-converting enzyme-2 (ACE2) is the receptor for SARS-Cov-2 virus. It has been 

suggested the differential levels of ACE2 in the cardiac and pulmonary tissues of younger versus 

geriatric patients might be partially responsible for the viral virulence observed among the 

patients. Indeed, the use of renin-angiotensin system blockers in patients with Covid-19 infection 

has been much debated, and it has been concluded that these blockers should not be withdrawn 

[3-5]. Unfortunately, it remains undetermined whether the Covid-19 mortality risks in geriatric 

patients can be interpreted by analyzing data of younger patients alone. Undoubtedly, health 

conditions associated with aging, especially cardiovascular diseases, cancers, metabolic and 

autoimmune diseases, and the treatments for these pathologies, interfere with the SARS-Cov-2 

virus infection. Also, immune senescence, i.e., a progressive age-related decline of innate and 

adaptive immune responses, substantially and adversely affects the responses to infectious 

diseases and vaccines. Indeed, the Shingrix vaccine for shingles has proven very effective in people 

over 70, but our understanding of how to generate effective immunity in the elderly remains poor, 

and several studies have shown that vaccine efficacy decreases significantly with advancing age [6]. 

Protecting geriatric patients will be central, but even the most efficient health systems cannot 

properly cope with these individuals/issues. Despite decades of standardized measurements, 

public reporting, and control programs, the average quality performance of health care remains 

insufficient. Indeed, in the USA, adults receive about 55% of recommended care for the leading 

causes of diseases and death [7]. These figures almost match with those in most countries. A good 

example is the management of arterial hypertension, a very common and treatable chronic 

pathology - a major contributor to morbidity and mortality. In the USA, in 2017 hypertension (HTN) 

accounted for 23 deaths per million population, but in Non-Caucasian patients, HTN rates were 

significantly higher, e.g., in Afro-Americans, 54.1 deaths per 1000,000 men and 37.8 per 100,000 

women were recorded [8]. 

Clinicians know that good therapy requires applying the most effective treatment that 

increases better outcomes. This approach should be customized to the specific preferences and 

health needs of the individuals, detecting and diagnosing the pathologies, choosing the right 

treatment, ensuring adherence, checking treatment effectiveness, and adjusting appropriate 

therapy. Maintaining professionalism is crucial, although insufficient cornerstone of high-quality 

care and, in reality, quality of care is rarely about good health professionals versus bad ones. 

However, it is difficult to get a good quality of care without supportive protocols, tools and 

teamwork. To improve and streamline high-quality health care, an enduring framework for 

evaluating process, structures, and outcomes was propounded [9]. In recent time, policymakers 

emphasized three additional levers to improve the quality of health care: measurements, 

incentives, and social factors [10]. On the other hand, the relationship between politicians, 

policymakers, and physicians remains unhealthy [11, 12]. 
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To conclude, this paper underlines the need that due to global demographic changes, the 

Covid-19 pandemic should force medical science to understand whether the immune system of 

geriatric patients is adequate to be properly treated with vaccines. 
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Abstract 

Insomnia and excessive daytime sleepiness are the most common sleep disturbances in 

Parkinson’s disease. This study aims at better understanding how severity of PD motor and 

non-motor features and dopaminergic treatments contribute to these sleep symptoms in 

the first decade of PD. Data from a community-based cohort of PD patients was used to 

model cross-sectional PD-related risk factors for insomnia and EDS sleep scores using linear 

regression models adjusted for age, gender, and PD duration. Longitudinal changes in sleep 

scores were assessed with paired t-tests. For 481 patients who completed the MOS-Sleep 
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questionnaire at least once, high levodopa daily doses (500mg+) and severe autonomic and 

complex non-motor symptoms (depression, anxiety, apathy, hallucinations and dopamine 

dysregulation syndrome) were associated with both EDS and insomnia symptoms. Higher 

total motor UPDRS and especially tremor sub-scores and motor complications were 

associated only with insomnia, while axial/posture/gait and body bradykinesia UPDRS sub-

scores were associated only with EDS. In 156 patients, with a second sleep measure on 

average after 2.2 years of follow-up, only EDS scores increased over time. Groups defined by 

worse PD features severity at first follow-up (UPDRS 35+, PD duration 6.5+ years, or LED 

500mg+) had larger average increases in EDS score over time. These findings provide 

evidence that motor and non-motor dysfunction in PD are associated with insomnia and EDS 

symptoms, but specific features and level of severity affect sleep symptoms differently. 

Motor manifestations related to tremor and dyskinesia are associated with sleep quantity 

and quality, measured by insomnia symptoms, while axial motor features are related to EDS 

symptoms. 

Keywords  

Parkinson’s disease; motor symptoms; non-motor symptoms; sleep problems; circadian 

dysfunction; insomnia; excessive daytime sleepiness 

 

1. Introduction 

Sleep disturbances have been increasingly recognized as important non-motor components of 

the Parkinson’s disease (PD) syndrome [1-5]. The most frequent sleep or sleep-related problems 

that patients report are excessive daytime sleepiness (EDS), insomnia and REM sleep behavior 

disorder (RBD) [6]. Insomnia and EDS are sleep-wake disturbances that may indicate disruption of 

the circadian rhythm as part of the neurodegenerative process characteristic of PD [7, 8].  

Insomnia is the difficulty to initiate or maintain sleep and, when it manifests chronically, 

insomnia has well-known negative consequences for health and quality of life [9, 10]. While PD 

patients usually do not have trouble initiating sleep, insomnia manifests mainly as the difficulty to 

maintain sleep, resulting in sleep fragmentation and early awakening [11]. EDS refers to a 

subjective complaint characterized by difficulty in remaining awake during the day, usually 

accompanied by sleep initiation if the person stays inactive [12], and it is more common in PD 

patients than in the general population [13]. EDS can be secondary to other sleep disorders and 

health factors, or can be attributable to primary central disorders of hypersomnolence, as defined 

in the International Classification of Sleep Disorders (ICSD) [14].  

Better insight into what causes sleep problems in PD will encourage improvements in clinical 

care and quality of life of patients. In the last decade, a number of studies suggested the following 

risk factors for insomnia and/or EDS in PD [15-24]: PD duration, motor disability, dopaminergic 

medications, depression and anxiety, and autonomic symptoms. However, these studies mainly 

enrolled patients from tertiary clinics or, when community-based, they were conducted in 

European countries or had a small number of participants. Also, they yielded conflicting results as 

to which PD-related clinical symptoms are related to sleep disorders. Previously, data from a large 
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community-based cohort of PD patients was analyzed to investigate the role of REM sleep 

behavior disorder on PD progression [25]. Relying on the same cohort of PD patients, the present 

study assesses contributions of severity of PD motor and non-motor features and treatment with 

levodopa to insomnia and EDS symptoms in patients who are, on average, within six years (range: 

2 - 15) of an initial PD diagnosis.  

2. Methods  

2.1 Study Design  

The Parkinson’s Environment and Genes Study (PEG), identified new-onset (up to 5 years after 

diagnosis) PD cases at baseline from 2001 to 2007 (PEG 1), and from 2011 to 2017 (PEG 2), from 

the entire population of three California counties [26]. PEG 1&2 participants were seen for a first 

follow-up, on average 3.2 years after their baseline visit. PEG 1 participants were additionally seen 

a second time, on average 2.2 (±0.5) years later. At all time points, participants were examined at 

a local clinic by PEG study movement disorders specialists, who confirmed the diagnosis according 

to common criteria [26], and evaluated motor signs and symptoms, preferably with patients “off” 

PD medications.  

The UCLA Institutional Review Board approved all phases of the study protocol, and 

participants were informed of all procedures and their rights and provided written informed 

consent. 

2.2 Data Collected 

Study neurologists examined patients and scored motor disability using the Unified Parkinson’s 

Disease Rating Scale (UPDRS, and later MDS-UPDRS), parts III and IV and Hoehn and Yahr staging 

(HY). The exams were preferably conducted with patients “off” PD medications (>90% of exams 

were “off”). UPDRS-III scores were corrected for missing items that cannot be evaluated (such as 

arising from chair in paraplegic patients), and when only an “on medication” exam was possible, as 

previously described [27]. PD motor subtypes of Postural Imbalance and Gait Dysfunction (PIGD), 

Tremor Dominant (TD), or indeterminate were calculated as ratios of UPDRS-III sub-scores, as 

described previously [28]. PD medication information, including levodopa and dopamine agonist 

use, were summarized into a daily levodopa equivalent dose (LED) [29]. 

During all visits, trained research assistants interviewed participants to collect demographic, 

lifestyle, and medical history information, including current PD medication use and dosage. We 

calculated UPDRS-III motor total score and sub-scores; the latter by summing specific items 

corresponding to total tremor [30] (rest and postural), rigidity, limb bradykinesia [31] (fingers 

tapping, hands grip, hands rapid movements, leg agility), and axial/posture/gait [31] (speech, facial 

expression, arise from chair, posture, postural stability, gait, and body bradykinesia).  

Additional standardized instruments were adopted only during follow-up, including those 

measuring insomnia and EDS, as well as the UPDRS-IA, IB and II to assess non-motor and motor 

impacts of PD on experiences of daily living. We rely on the Sleep Survey of the Medical Outcomes 

Study (MOS-Sleep) for recording symptoms of insomnia and EDS. It contains twelve items, each 

with six answer options on a Likert scale, measuring subjective experiences of sleep in the past 

four weeks across several domains including sleep initiation, maintenance, quantity/duration, 
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perceived adequacy, respiratory problems and somnolence. The MOS-Sleep has been validated 

and been used to study chronic diseases; its content is very comparable to two questionnaires 

widely used in PD sleep research, the Pittsburgh Sleep Quality Index (PSQI) and the Parkinson’s 

Disease Sleep Scale (PDSS) [32].  

MOS-Sleep items are summarized to create five scores (sleep disturbance, somnolence, sleep 

adequacy, snoring, and shortness of breath during sleep) ranging from 0 to 100, with higher scores 

indicating worse sleep quality, except for the adequacy score, which is reversed. For this study’s 

purposes, we adopted the continuous scores (0 to 100) for sleep disturbance (items: having 

trouble falling asleep, how long to fall asleep, sleep was not quiet, awake during sleep time, and 

having trouble falling asleep again) as a measure of insomnia symptoms, and for somnolence 

(items: drowsy during day, having trouble staying awake during the day, taking naps), as a 

measure of EDS symptoms. 

2.3 Statistical Analysis 

Analyses were conducted in statistical software SAS (SAS 9.4, SAS Institute, Cary, NC), figures 

were generated in R. Insomnia and EDS scores were normally distributed univariately and across 

risk factors of interest; such as gender, age and PD duration at the time sleep measures.  

Sleep scores were z-standardized, centering on mean 0 and standard deviation 1. First, mean 

crude z-standardized MOS-Sleep scores by patients’ characteristics were estimated. To visualize 

how PD-related factors (PD duration, age at diagnosis, UPDRS-III, UPDRS-IA, and LED) may 

influence sleep symptoms, crude z-standardized insomnia and EDS scores were plotted according 

to these PD-related factors, stratifying by gender, and generating Pearson correlation coefficients.  

Adjusted mean differences in sleep scores between binary measures of PD severity were 

modeled using linear regressions (implemented with maximum likelihood in Proc Genmod; SAS 9.4) 

including potential confounders as covariates; i.e., at a minimum we included gender, age at 

interview, and PD duration. PD measures were dichotomized, i.e., at the median for PD duration 

(6.5 years) at first sleep assessment; at 35 points for the UPDRS-III motor; at 500 mg for the LED as 

proposed previously [17]; for the UPDRS-II (20 points), UPDRS-IA (5 points), and the autonomic 

symptoms score (8 points) the cut-points correspond to the respective 75th percentile of the score. 

To estimate associations between UPDRS motor sub-scores with insomnia and EDS scores, similar 

adjusted linear regression models were used, but continuous motor sub-scores were also z-

standardized and results presented as β-coefficients. In sensitivity analyses, additional potential 

confounders were included guided by mechanisms proposed and depicted in Directed Acyclic 

Graphs [33] (Supplemental Figure S1) as detailed in Results.  

In a subset of the PEG1 cohort with information on sleep measures (n=156) at an additional 

follow-up time, average sleep scores at both follow-up times stratified by PD severity measures 

were compared using t-tests as well as paired t-tests to identify differences in average sleep scores 

over time by PD-severity at first follow-up (between and within groups).  

3. Results 

This study included 481 PD patients who completed the MOS-Sleep at least once, of whom 459 

(95%) also completed a simultaneous motor examination. The majority was male (62%), White 

(77%), assessed for sleep quality on average 6.3 ± 3.0 years after their first PD diagnosis, and 69% 
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exhibited a PIGD motor phenotype (Table 1). Among the sleep domains the MOS assesses, EDS 

received the highest absolute score, on a scale from 0 to 100 (mean 42.4 ± SD 23.7), followed by 

snoring (34.5 ± 33.4) and insomnia (30.5 ± 22.6). Insomnia and EDS measures were moderately 

positively correlated (ρ=0.34) (Supplemental Figure S2). Figure 1 shows linear correlations of MOS-

Sleep scores with PD-related measures; patients diagnosed at younger ages and with longer PD 

duration had worse insomnia symptom scores, but these PD features were not correlated with 

EDS (Figure 1). All other PD-related measures were positively correlated with both insomnia and 

EDS, in men and women. 

Table 2 presents cross-sectional mean differences in insomnia and EDS scores comparing 

groups defined by PD severity, adjusting for gender, age and PD duration. In these models, a PD 

duration of 6.5+ years was associated with higher EDS, but not insomnia. Conversely, a UPDRS-III 

motor total score of 35+ and the presence of motor complications were associated with higher 

average insomnia scores, but not with EDS. Specifically, off-dystonia and motor fluctuations were 

the motor complications associated with worse insomnia scores. Estimates for motor 

complications remained unchanged in models further adjusted for levodopa use or dose, and for 

UPDRS-III scores. Likewise, the strong positive associations of non-motor (UPDRS-IA) and 

autonomic symptoms with insomnia and EDS scores persisted when the models were further 

adjusted for UPDRS-III or levodopa dose. 

Only few patients did not take PD medications (8%) or solely used dopamine agonists (6%), 

while 54% were treated with levodopa only, and 32% with a combination of levodopa and 

dopamine agonists (Table 1). Patients with LED ≥500mg had worse insomnia and EDS symptoms, 

compared to the group with <500mg, while higher doses of dopamine agonists (≥200mg vs. 

<200mg) did not significantly impact the sleep scores. These estimates remained unchanged in 

models that included the motor UPDRS-III scores, or axial/postural/gait or tremor sub-scores 

(results not shown). 

Table 1 Distribution of demographics, PD-related characteristics and MOS-Sleep scale 

scores for Insomnia and EDS, at first follow-up. 

  N (%) 

Crude Mean Standardized MOS-
Sleep score 

Insomnia 
(Mean ± SD) 

EDS 
(Mean ± SD) 

Total  481 (100) 0 ± 1 0 ± 1 
Study cohort1 PEG 1 234 (49) -0.051 ± 0.978 0.034 ± 0.978 
 PEG 2 247 (51) 0.049 ± 1.020 -0.033 ± 1.022 
Age at interview 65 or less 119 (25) 0.299 ± 1.139 0.040 ± 1.026 
 66 to 80 263 (55) -0.107 ± 0.895 -0.013 ± 0.937 
 more than 80 95 (20) -0.078 ± 1.026 -0.013 ± 1.136 
Gender women 183 (38) 0.002 ± 0.993 -0.226 ± 0.942 
 men 298 (62) -0.001 ± 1.006 0.141 ± 1.010 
Ethnicity White 371 (77) -0.057 ± 0.959 0 ± 0.985 
 Latino 79 (17) 0.183 ± 1.112 -0.059 ± 1.060 
 Other 29 (6) 0.228 ± 1.124 0.160 ± 1.043 
Education <12 years 71 (15) 0.259 ± 1.097 -0.037 ± 1.064 
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 12+ 411 (85) -0.045 ± 0.978 0.009 ± 0.989 
Age at PD diagnosis ≤60 131 (27) 0.284 ± 1.136 0.089 ± 1.034 
 >60 350 (73) -0.104 ± 0.925 -0.033 ± 0.987 
Age at PD duration ≤6.5 years 279 (58) -0.120 ± 0.906 -0.131 ± 0.948 
 >6.5 years 202 (42) 0.168 ± 1.099 0.183 ± 1.043 
Motor subtype 
(missing=27) 

tremor dominant or 
indeterminate 

151 (33) -0.032 ± 0.939 -0.074 ± 0.969 

 PIGD 303 (67) 0.030 ± 1.025 0.035 ± 0.990 
UPDRS-III2 total 
score 

<35 (missing= 22) 349 (76) -0.054 ± 0.957 -0.041 ± 0.951 
35+ 110 (24) 0.235 ± 1.107 0.146 ± 1.082 

Hoehn and Yahr stages 0-2.5 (missing= 33) 330 (74) -0.011 ± 0.973 -0.063 ± 0.957 
 stage 3+ 118 (26) -0.025 ± 1.054 0.105 ± 0.991 
LED3 Dopamine agonists only, 200 mg+ 114 (25) 0.036 ± 1.001 0.009 ± 0.929 
LED3 Levodopa only, 500 mg+ 188 (40) 0.164 ± 1.064 0.240 ± 1.046 
LED3 total, 600 mg+ 197 (42) 0.154 ± 1.063 0.146 ± 1.039 
UPDRS-IV4 (motor complications) any present 
(missing= 22) 

235 (53) 0.200 ± 1.051 0.041 ± 0.923 

UPDRS-IV sub-scores Dyskinesia, present5 97 (22) 0.259 ± 1.027 0.031 ± 0.896 

 Motor Fluctuations, 
present 

190 (43) 0.223 ± 1.036 0.015 ± 0.941 

 Off-Dystonia, present 77 (17) 0.380 ± 1.119 0.183 ± 0.956 
UPDRS-II6 (motor ADL) score, 20+ 140 (32) 0.269 ± 1.092 0.305 ± 1.011 

UPDRS-IA (non-
motor, complex 
behaviours)7  

score 5+ 114 (25) 0.450 ± 1.121 0.359 ± 0.974 
Autonomic sympoms8, 
score 8+ 

118 (25) 0.177 ± 1.051 0.331 ± 0.959 

Urinary problems, present 350 (74) 0.070 ± 1.013 0.100 ± 0.999 

1. PEG=Parkinson’s Environment and Genes. 

2. UPDRS-III (rated by physician), motor signs: speech, facial expression, tremor at rest (face, hands, feet) 

amplitude and constancy, rigidity (neck, arms, legs), fingers and toes tapping, hand grip and movements, 

leg agility, arising from chair, posture, gait and freezing of gait, postural stability, body bradykinesia, 

postural and kinetic tremor. 

3. LED: Levodopa Equivalent Daily Dose. 

4. UPDRS-IV (applied by physician), motor complications items: dyskinesias (time spent and functional 

impact), motor fluctuations (time spent in off-state, functional impact and complexity of fluctuations), 

painful off-state present and time spent. 

5. Presence of dyskinesia: measured by UPDRS-IV question "Time Spent with Dyskinesias", where option 

"0=Normal" corresponds to "No Dyskinesia" and any other option (1,2,3 or 4) corresponds to "Yes 

Dyskinesia". 

6. UPDRS-II: Motor Aspects of Experiences of Daily Living (self-completed) items: speech, saliva/drooling, 

chewing/swallowing, eating, dressing, hygiene, handwriting, hobbies, turning in bed, tremor, getting off 

bed/car/chair, walking/balance, freezing. 

7. UPDRS-I: Non-Motor Aspects of Experiences of Daily Living. 

8. UPDRS-IA (rated by physician), complex behaviours items: cognitive impairment, hallucinations, 

depressed mood, anxious mood, apathy, features of dopamine dysregulation syndrome.  

9. Autonomic symptoms score: constipation, urinary, light headedness, saliva/drooling, 

chewing/swallowing. 
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Figure 1 Scatterplot of standardized sleep scores (mean 0, SD 1) by PD characteristics 

stratified by gender. Including best fit linear correlation line, Pearson correlation 

coefficients, and p-values. N=481 (except for UPDRS-III, N=459). 
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Table 2 Linear regressions of insomnia and EDS scores on PD-related characteristics 

(cross-sectional), adjusted for gender, age and duration of Parkinson’s disease in years, 

N=459.  

PD severity measures (binary)  
Insomnia EDS 

Mean difference1 (95% CI) 

PD duration2, years, 6.5+ vs. < 6.5  0.02 (-0.26, 0.29) 0.34 (0.06, 0.62) 

UPDRS-III3 total score, 35+ vs. < 35  0.27 (0.06, 0.49) 0.14 (-0.07, 0.35) 

HY, stage 3+ vs. stage< 3 (Total N= 448) 0.08 (-0.13, 0.29) 0.19 (-0.02, 0.40) 

Motor subtype, PIGD4 vs. other 0.12 (-0.07, 0.32) 0.14 (-0.05, 0.33) 

LED5, Levodopa only, 500mg+ vs. <500mg 0.22 (0.03, 0.41) 0.29 (0.10, 0.47) 

Only dopamine agonists, 200mg+ vs. <200mg -0.10 (-0.32, 0.11) -0.05 (-0.26, 0.17) 

Total, Levodopa and dopamine agonists, 600mg+ vs. <600mg 0.17 (-0.02, 0.35) 0.15 (-0.04, 0.34) 

UPDRS-IV6 total (motor complications), any present vs. not 0.25 (0.06, 0.44) 0.04 (-0.15, 0.23) 

UPDRS-IV, Dyskinesia7, present vs. not 0.13 (-0.10, 0.36) -0.04 (-0.27, 0.19) 

     Motor Fluctuations, present vs. not 0.24 (0.05, 0.43) -0.02 (-0.20, 0.17) 

     Off-Dystonia, present vs. not 0.33 (0.09, 0.58) 0.23 (-0.01, 0.47) 

UPDRS-II8 score, 20+ vs. <20 0.37 (0.18, 0.57) 0.40 (0.20, 0.60) 

UPDRS-IA9 score, 8+ vs. <8 0.54 (0.34, 0.74) 0.45 (0.25, 0.65) 

     Autonomic symptoms10 score, 5+ vs. < 5  0.27 (0.06, 0.48) 0.43 (0.23, 0.64) 

     Urinary problems, present vs. not 0.27 (0.07, 0.47) 0.32 (0.12, 0.52) 

1. Adjusted for gender, age, and duration of PD.  

2. Adjusted for gender and age. 

3. UPDRS-III (rated by physician), motor signs: speech, facial expression, tremor at rest (face, hands, feet) 

amplitude and constancy, rigidity (neck, arms, legs), fingers and toes tapping, hand grip and movements, 

leg agility, arising from chair, posture, gait and freezing of gait, postural stability, body bradykinesia, 

postural and kinetic tremor. 

4. Postural Instability and Gait Disturbance (or Dysfunction, Difficulty) 

5. LED: Levodopa Equivalent Daily Dose 

6. UPDRS-IV (applied by physician), motor complications items: dyskinesias (time spent and functional 

impact), motor fluctuations (time spent in off-state, functional impact and complexity of fluctuations), 

painful off-state present and time spent.  

7. Presence of dyskinesia: measured by UPDRS part IV question "Time spent with dyskinesias", where 

option "0=Normal" corresponds to "no dyskinesia" and any other option (1,2,3 or 4) corresponds to "yes 

Dyskinesia" 

8. UPDRS-II (self-completed), motor aspects of experiences of daily living items: speech, saliva/drooling, 

chewing/swallowing, eating, dressing, hygiene, handwriting, hobbies, turning in bed, tremor, getting off 

bed/car/chair, walking/balance, freezing. 

9. UPDRS-IA (rated by physician), complex behaviors items: cognitive impairment, hallucinations, depressed 

mood, anxious mood, apathy, features of dopamine dysregulation syndrome. 

10. Autonomic symptoms score: constipation, urinary, light headedness, saliva/drooling, 

chewing/swallowing. 
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Table 3 shows adjusted linear associations of UPDRS-III motor sub-scores with insomnia and 

EDS. Total tremor and limb bradykinesia were positively associated only with worse insomnia, 

while axial/postural/gait was associated only with EDS scores, however, these associations were 

greatly attenuated in models adjusted for (levodopa-only) LED (results not shown). The association 

of the body bradykinesia sub-score with EDS persisted after adjustment for LED, but was greatly 

reduced after adjustment for the geriatric depression scale (GDS) score (β= 0.06; 95% CI: -0.03, 

0.15).  

Table 3 Linear regressions of insomnia and EDS scores on UPRDS-III motor sub-scores 

(cross-sectional), adjusted for gender, age and duration of Parkinson’s disease in years. 

Sleep scores and motor sub-scores are z-standardized, N=459.  

UPDRS-III motor sub-scores, per 
1 SD increase 

Insomnia  EDS  

β Coefficient (95% CI) β Coefficient (95% CI) 

Total tremor 0.09 (0.00, 0.18) 0.04 (-0.05, 0.13) 

Limb bradykinesia 0.11 (0.02, 0.21) 0.06 (-0.03, 0.15) 

Rigidity 0.05 (-0.04, 0.15) -0.01 (-0.11, 0.08) 

Axial, posture and gait  0.07 (-0.03, 0.17) 0.10 (0.00, 0.20) 

Body bradykinesia -0.01 (-0.10, 0.09) 0.10 (0.01, 0.19) 

Longitudinal information on insomnia and EDS scores was available for 156 participants from 

the PEG1 study cohort at a second follow-up, on average 2.2 ± 0.5 years after the first, and an 

average PD duration of 7.4 ± 2.5 years (for the PEG2 cohort a second follow-up has not yet been 

completed). Of the patients not seen for a second follow-up in PEG1, the majority (65%) had died 

or were too ill, including cognitive dysfunction. Changes in average MOS-Sleep scores over time 

were minor. Overall, EDS scores slightly increased from first to second follow-up, the within-

person average difference was 3.0 (95% CI: -0.7, 6.6) points on the non-standardized score, i.e., on 

a scale from 0 to 100, whereas insomnia average scores did not change (-1.4, 95% CI: -4.6, 1.8). 

Figure 2 shows average within-person changes in insomnia and EDS scores, by PD severity 

measures, with t-tests comparing scores between groups at each follow-up time. At first follow-up, 

the severity measures UPDRS ≥ vs. <35 and LED ≥ vs.<500mg and a longer PD duration (≥ vs. <6.5y) 

were associated with worse concurrent insomnia scores, but these measures did not predict 

worsening of insomnia scores at the second follow-up. For EDS, on the other hand, higher PD 

severity and longer duration at first follow-up were associated with worse EDS scores at the 

second follow-up.  
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Figure 2 Change in sleep scores from follow-up 1 to follow-up 2 (N=156), by PD 

severity measures at follow-up 1. Results of significance for t-test: *= p<0.05, **= 

p<0.01, ****=p<0.0001, ns= p>0.05.  
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4. Discussion 

This large population-based study of Parkinson’s disease assessed associations of PD clinical 

characteristics with insomnia and EDS symptoms among patients with on average six years of 

disease duration. For a subgroup of 156 patients, sleep information was collected again two years 

later. In this cohort, virtually all aspects of PD severity evaluated were associated either with 

worse insomnia, EDS, or with both sleep symptoms, confirming the burden of this non-motor 

problem during the progression of PD. Total motor UPDRS-III scores, sub-scores of tremor and 

limb bradykinesia, and UPDRS-IV motor fluctuations were associated with worse insomnia 

symptoms but not with EDS. Other aspects of PD, such as longer disease duration and motor sub-

scores of axial/posture/gait and body bradykinesia were associated only with EDS symptoms. 

Levodopa doses ≥500mg and autonomic symptoms were associated with worse scores for both 

sleep problems. For the group with one additional follow-up, only EDS scores were slightly worse 

after 2.2 years on average, while insomnia scores remained similar.  

Neurodegeneration of sleep-wake regulatory centers in PD resulting in circadian disruption [34] 

is one possible explanation for the association between worse total motor scores and insomnia. 

The finding that motor UPDRS total score and sub-scores of tremor, limb bradykinesia and motor 

fluctuations affect only insomnia symptoms can also indicate that these motor manifestations 

directly disrupt nighttime sleep. Since this study’s patients are examined “off medication”, those 

with high tremor sub-scores likely have worse tremor during off states at night. Worse tremor 

during night off states have been shown to lead to increased sleep fragmentation, resulting from 

re-emergence of resting tremor during micro-arousals, body movements and sleep-state changes 

(mainly from NREM to REM sleep) [35]. Similarly, limb bradykinesia during night off states may 

cause difficulties in turning and adjusting the body position in bed, which are problems known to 

cause sleep fragmentation in PD patients [11, 36]. It has also been shown previously [8] that motor 

activity from tremor or motor fluctuations may disrupt the circadian system directly, since body 

movements impact the physiological cues used by this system.  

Three larger studies that related motor disability to insomnia have been descriptive and none 

have analyzed motor UPDRS sub-scores, but they corroborate the present study’s findings for 

positive associations of overall motor severity and insomnia symptoms. A large population-based 

French study (COPARK), reported cross-sectional results for 636 PD patients who responded to the 

PSQI questionnaire [18] with a mean PD duration similar to our study (6.3 years) and found higher 

motor UPDRS total scores in those with sleep disturbance (defined as PSQI score above 5, similar 

in content to the MOS-sleep insomnia measure adopted here), but the results reported were 

unadjusted for potential confounders, such as age, gender and PD duration. A population-based 

Norwegian cohort (n=231) also reported insomnia to be associated with higher motor UPDRS total 

scores, but estimates from this study were not formally statistically significant and, again, 

unadjusted for potential confounders [17]. In addition, this population had a higher PD duration at 

time of study (average of 9.8 years for patients with insomnia and 7.8 for those without insomnia). 

The third study, a hospital-based longitudinal Dutch study (PROPARK) assessed sleep quality in 412 

patients (average PD duration of 10.6 years) with 27% reporting insomnia; in cross-sectional 

analyses, these patients exhibited higher total motor UPDRS scores, and more motor 

complications and fluctuations [15].  
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Similar to the results presented here, an international multicenter study of 423 PD patients 

(mean PD duration of 6.7 years) reported no association between total motor UPDRS scores and 

concurrent EDS [20, 37], but they did not report results for motor UPDRS sub-scores. In the PEG 

population-based patient cohort presented here, the only motor UPDRS sub-score associated with 

EDS was axial/gait/posture, which includes body bradykinesia; however, PIGD motor subtype was 

not associated with higher EDS symptoms. Only one other study, using a specialty clinic population 

from China, has reported positive associations between body bradykinesia scores and EDS [21]. 

Compared with this study’s population, the Chinese sample had slightly shorter average PD 

duration (5.1 years) and scored higher on the total motor UPDRS. 

Given these results, and as suggested previously by others [38], EDS, unlike insomnia, does not 

seem to be directly related to PD motor dysfunction resulting from primary nigrostriatal 

dopaminergic degeneration, but rather to features that suggest the degeneration of other 

neurotransmitter systems characteristic of more advanced disease [11]. For example, in post-

mortem and brain imaging studies in clinical samples [39], EDS has been related to the 

degeneration of the alertness system, including hypocretin neurons in the hypothalamus, 

noradrenergic neurons in the Locus Coeruleus, and serotonergic neurons in the Dorsal Raphe 

Nuclei. In this study’s analyses, accounting for GDS scores in models for body bradykinesia and EDS 

moved the estimates towards no association, supporting the hypothesis [40] that depression in PD 

is associated with slowness of movement (body bradykinesia) and EDS; a future study will further 

explore the association of depression and sleep problems in the PEG cohort. 

Therapy with levodopa and dopamine agonists is another factor frequently associated with 

sleep problems in PD in clinical practice. In general, the PEG study population seems to be under-

treated, as almost one in 10 patients were not under any PD medication or treatment such as DBS 

[41], which could be credited to the study’s source population being communities of mostly rural 

counties with intense agricultural activity, and low average education and income, where access to 

health care resources is often limited. Pharmacologically, it has been proposed that levodopa can 

affect circadian rhythms directly in PD patients through mechanisms that uncouple circadian 

rhythm and sleep regulation [34], such as altering melatonin secretion and action. In this study, 

levodopa doses (LED≥500mg/day) were associated with both insomnia and EDS symptoms, in 

similar magnitude, while dopamine agonists doses (LED≥200mg/day) did not affect sleep 

symptoms. Previous studies reported conflicting results regarding the contribution of levodopa 

therapy to sleep problems. A population-based study from Norway and a hospital-based Dutch 

study [19, 23, 24] found slightly higher LED in PD patients with EDS cross-sectionally, but LED did 

not predict worsening of EDS over time. The Norwegian ParkWest population-based cohort [19] 

reported no association of total LED and EDS for patients within five years from PD diagnosis, but a 

higher proportion of patients used dopamine agonists, 57% compared with 38% in our PEG cohort. 

Dopamine agonists have been shown to improve sleep in previous trials of rotigotine [42, 43], and 

to be associated with EDS and sleep-attacks in some clinical-based epidemiological studies [44], 

but not others [45]. No population-based studies addressed specific associations of dopamine 

agonists and sleep symptoms, and the present study may not have been able to detect 

associations if they are present, since only 38% of the study sample took such drugs.  

Axial/gait/posture motor features of PD can be less responsive to dopaminergic therapy than 

tremor signs, which influence type and doses of PD medication prescribed [18]. Thus, to verify if 

these motor features can explain the association between levodopa and EDS, the models were 
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further adjusted for axial/gait/posture motor sub-scores. Interestingly, this did not change the 

coefficients for levodopa (LED≥500mg), but the coefficient for the motor sub-score was no longer 

statistically significant. This may indicate that the association of axial/gait/posture sub-scores and 

EDS is mediated through levodopa doses. 

As shown here and previously reported [15, 19, 20, 46], non-motor and autonomic symptoms 

affect sleep quality and are related to EDS. Some of these manifestations can directly induce sleep 

fragmentation, such as nocturia. Others have been associated with circadian rhythms disruption, 

such as autonomic dysfunction. In fact, this study shows a strong association of sleep problems 

with autonomic symptoms including light headedness, constipation, drooling, chewing/swallowing, 

and urinary symptoms. This may not be surprising, as outputs from the suprachiasmatic nucleus, a 

structure in the hypothalamus recognized as the central pacemaker responsible for the regulation 

of circadian rhythms, innervates autonomous nervous system structures. Through these outputs, 

many independent circadian oscillators operate in peripheral organs and, coupled with hormonal 

secretion (involving melatonin and cortisol), they synchronize physiological functions, resulting, for 

example, in circadian fluctuations in blood pressure, urinary excretion and gastrointestinal activity. 

Degeneration of circadian system structures that induce circadian disruption would, thus, be 

manifesting in peripheral organs as autonomic dysfunction. 

In the sub-group of 156 patients assessed twice for sleep problems during follow-up, insomnia 

scores did not worsen substantially, even when assessing subgroups with different PD severity (by 

UPDRS, PD duration, LED, and non-motor symptoms). On the other hand, EDS scores seem to 

worsen over time, especially in patients with worse PD severity at first follow-up, i.e., they reached 

the highest sleep score averages at their second follow-up. This may suggest that insomnia 

manifests early in the disease course, possibly concomitantly with worsening in tremor symptoms, 

but this sleep feature does not worsen as PD progresses. Two previous smaller studies examined 

progression of sleep symptoms in PD and also found insomnia prevalence to slightly decrease over 

follow-up time (8 years), while EDS worsened with PD progression [17, 19]. Future larger 

population-based longitudinal cohort studies of PD are still necessary to address how circadian 

dysfunction progresses in PD clinical course. 

Lack of temporality is a limitation of this study. The main results reported are cross-sectional, 

while the exposures and outcomes studied are part of a vicious cycle of deterioration during PD 

progression and influence each other longitudinally. The associations reported here refer to 

prevalent sleep symptoms at on average six years after PD diagnosis, and we do not know when 

these sleep problems started. Another potential limitation refers to the absence of objective 

measures of sleep quality and structure, since we relied solely on self-reported information. This is, 

however, a problem common to all population-based studies with large numbers of patients, due 

to feasibility constraints that do not support using objective sleep laboratory assessments, such as 

polysomnography. Unmeasured residual confounding is unavoidable in observational research, 

however, the regression models took into account explicit hypothesized causal structures [33], 

different from purely predictive modeling approaches of insomnia and EDS in PD. Important 

strengths of this study are the large number of subjects and the population-based approach to 

identify PD cases, which likely yields estimates that are more representative of all PD patients, 

than those based on very selected clinic-based patient samples. 
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5. Conclusions 

In conclusion, this study provides epidemiological evidence that motor and non-motor 

dysfunction in PD is associated with insomnia and EDS symptoms, but specific features and level of 

severity affect these sleep symptoms differently. While motor severity measured by total UPDRS 

score and sub-scores of tremor, limb bradykinesia and motor complications mainly impact 

insomnia, EDS symptoms were related to axial/gait/posture motor features, which may indicate 

higher levodopa doses and/or more advanced disease. Future assessments of sleep problems in 

longitudinal population-based studies are needed to help improve patients’ overall health-related 

quality of life.  
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The percentage of the older population is rapidly increasing worldwide. It has been estimated 

that by the year 2050, one-third of the population in the OECD countries will be above 65 years. 

This demographic change will increase the number of older people who want to or have to stay 

mobile because of economic conditions. Mobility is a key to healthy aging as it is related to the 

basic human need for physical movement. Mobility is associated with a person’s physical and 

psychological well being. Driving one’s car is a popular mode of transport in developed countries. 

Cessation of driving can lead to a range of detrimental consequences, such as a decrease in social 

activities, which impacts cognitive health. Besides, restriction to car driving can force older people 

to use less safe modes of transport, making them more vulnerable to accidents. Hence, older 

adults should continue driving their cars as much as possible. 

Driving is an activity that takes place in a dynamic environment requiring sensory, motor, and 

cognitive functions. With increasing age, a decline in most of these functions has been observed. 

However, changes in functions differ among individuals and are influenced by a multitude of 

environmental and lifestyle factors. Such functional changes may affect the performance of 
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everyday tasks, especially complex activities. Indeed, visual and cognitive factors can explain most 

of the age-related changes in the ability to drive safely.  

Since most of the traffic-relevant information is perceived by the visual system, age-related 

changes in vision are the most relevant for driving. Such changes include reductions in visual 

acuity and contrast sensitivity, increased glare sensitivity, and reduced field of view. Motor 

changes include diminishing muscle strength and movement speed, which may slow down 

emergency actions or prolong braking time. Furthermore, neck flexibility is essential during driving 

and is strongly reduced with age. Finally, motor coordination and dexterity also deteriorate with 

increasing age. 

Cognitive issues in older adults are often overlooked despite their high importance in driving. In 

particular, the so-called executive functions, which control lower-level functions, are highly 

relevant for driving. Executive functions include inhibition of irrelevant information, updating of 

memory, and switching between tasks. Besides, they control attention, which is necessary for 

visual search and attention switching and distribution. For example, visual search, that is, the 

scanning of the visual scene to detect a target stimulus is mostly impaired in people in their 60s. 

Hence, in real traffic, important targets and threats are possibly detected later or none by older 

adults.  

Cognitive problems increase in mild cognitive impairment (MCI), which is present in many older 

adults. Drivers with MCI have enhanced driving problems than those without MCI. 

Safe driving depends not only on skills but also on personality factors like self-rating, 

confidence, risk acceptance, or sensation-seeking. Most of the older adults are overconfident 

regarding their driving skills and rate themselves as good or excellent drivers regardless of their 

actual performance. This may impair their motivation to take measures to improve their driving. 

Despite impaired functions and overestimated driving performance, older adults often drive 

inconspicuously. This is because routine traffic situations such as highway driving rely mainly on 

highly automated processes, which show a less age-related decline. Moreover, to cope with more 

complex situations, many older adults develop compensation strategies such as slow driving and 

selection of well-known routes. Also, compensation mechanisms such as a stronger preparation in 

complex situations are frequently observed among the older population. However, some of those 

strategies are not satisfactory since they may encumber other drivers (e.g., slow driving) or the 

driver himself (e.g., avoidance of certain routes). 

Nevertheless, the accident rate among older adults, based on distance driven estimates, is 

relatively high. In particular, drivers aged above 75 years who drive less than 3000 km per year 

have the highest accident risk. Moreover, 75% of drivers aged 75 and above who are involved in 

an accident are primarily responsible for the accident. A closer look at the accidents shows that 

they occur in specific situations such as turning, driving backward, and complex traffic junctions. 

However, accident rates underestimate the problems since, in most critical situations, accidents 

can be avoided by the driver himself or by other traffic participants. More often, near-accidents 

likely happen that do not show up in the statistics but may be remarked by fellow passengers.  

Apart from having problems in certain situations, older adults are also more vulnerable than 

younger adults due to their fragile body structure. For example, the bones and ribs are not flexible 

in old age, which can be aggravated by osteoporosis, a common disease in older adults. Such 

lower flexibility usually leads to more serious injuries, and even safety belts could cause fatal 

injuries in old adults.  
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Even more vulnerable are older adults who drive bicycles. Riding a bicycle not only requires the 

skills of car driving, that is, coping with complex situations and interacting with other drivers, but 

also the skills of handling the bicycle, which is not performed automatically as handling a car. 

Many older adults who have not used their bicycles for years have poor cycling skills, which are 

often not realized by the cyclist. Hence, accident rates among older cyclists increase steadily and 

mainly while using e-bikes with their weight and speed.  

Another issue among older adults is fatigue. Many accidents happen when the driver is fatigued. 

Most of the older adults suffer sleeping problems and hence are more fatigued than younger 

adults. On the other hand, there is some evidence that older adults are more resistant to fatigue. 

The question is about the marginal conditions under which older drivers are more or less 

vulnerable to fatigue than younger drivers.  

These facts show that measures are necessary to increase safety and support for older drivers. 

In several countries, to increase safety, medical and psychological tests are mandatory for older 

adults to renew their driving license. However, this does not necessarily mean that safety is 

increased. For example, the number of fatal accidents in Finland, which requires a medical test for 

older drivers, is not lower than in Sweden, a country with no such test. One reason for such 

failures is the type of tests required. Usually, only cursory and short medical tests are used. When 

cognitive tests are given, they are often designed for dementia diagnosis, such as the Mini-Mental 

State Examination (MMSE). Such tests are unsuitable for measuring the physical, sensory, and 

cognitive skills that are essential for driving. 

The most important issue is the identification of unfit older drivers. An obvious and direct 

method is an on-road driving assessment, usually conducted by a driving instructor, who is 

sometimes accompanied by a traffic psychologist. Meanwhile, there are standardized and even 

PC-based driving protocols that aim at more objectivity. However, such on-road assessments are 

costly and require appropriate equipment and time resources. Besides, the real traffic is not 

always challenging, which depends on the time and location of the assessment ride, and of course, 

on the competence and experience of the driving instructor. Hence, the elderly may show no 

problems even though they would probably be revealed in complex situations. An alternative is to 

drive using a driving simulator, which has the advantage of administering and repeating 

sufficiently difficult scenarios. As with driving tests in real traffic, this methodology requires 

adequate equipment and skilled experts to yield reliable results. Also, the feeling of being in real 

traffic is absent in simulators, while there is often simulator sickness with older adults. A third and 

promising alternative is to administer off-road tests for cognitive function as well as visual and 

motor functions that are important for driving. This reminds of the periodic car inspection in 

which functions of the car and not its behavior in real traffic is checked. The crucial issue with such 

testing is the selection of the most appropriate tests for sufficiently predicting driving fitness and 

accident rate. Single and ill-chosen tests have no predictive power. However, carefully compiled 

test batteries that include tests of the most important functions relevant for driving appear to 

have high predictive power. Such off-road assessments should also include interviews that ask for 

risk factors such as avoidance behavior, reports of unsafe driving by relatives, the number of 

(minor) accidents in the past years, and reduced driving practice.  

All those assessment methods are only meaningful if they are accompanied and followed by 

measures to support older drivers, and in particular, those who have driving problems. Otherwise, 

assessments are likely avoided if voluntary, and dreaded if mandatory. Such measures could either 
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be information and guidance campaigns, the design of age-friendly traffic and car environments, 

or training measures that are aimed at improving the individual driving skill of an older driver. 

Information campaigns address the older public, giving information about factors that influence 

driving fitness (e.g., certain diseases and drugs), about strategies on how to cope with certain 

driving situations, and about training possibilities to increase driving performance. They are 

relatively easy to organize. However, the success of such campaigns depends on whether they are 

accompanied by practical courses in groups. 

Certain traffic situations, such as turning left at complex crossroads, are particularly difficult for 

older drivers and can be decreased by age-friendly street design. For example, left turns should be 

protected by traffic lights or by well-visible guidelines. Also, at crossroads or roundabouts, 

distracting and traffic-irrelevant information such as advertisements should be minimized. 

Complex areas should be structured and traffic routing distinctly marked by coloring. On the other 

hand, well-designed car technology such as high doors and seats and broad circumferential 

visibility can help elderly drivers. Above all, route guidance systems are highly important for the 

elderly since they reduce the need for memory and visual search. However, to be helpful and not 

distracting, such systems have to meet certain requirements. 

The third measure is individual training for older drivers. The most straightforward training is to 

take driving lessons with a driving instructor in real traffic. They require well-trained driving 

instructors who know the problems of older drivers as well as sufficiently difficult traffic locations. 

If the training is properly conducted, such driving lessons can strongly improve driving fitness in 

older drivers, and also for poor drivers.  

An off-road variant is the training of specific skills (such as visual search) or coping with difficult 

driving scenarios with the help of programs running on a personal computer or a driving simulator. 

The personal computer has the advantage of being affordable and widely available, so it might be 

possible to conduct such training at home, after proper instruction.  

A further possibility is the direct training of functions that are necessary for driving, in 

particular motor, and cognitive functions. For example, head movements and strength can be 

trained and result in improvements in the trained functions.  

In the cognitive domain, visuospatial skills and spatial attention can be trained; the latter 

results in better and longer driving skills. Besides, physical training is known to improve motor and 

cognitive functions. However, there are only a few studies which show improvements in driving 

fitness after undergoing such training. Since training can be conducted at home, further studies on 

this topic are warranted. 

The present special issue aims at addressing most of the mentioned issues and any other issue 

concerning older drivers and how to help them keep driving as long as possible.  
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Abstract  

The Cobb angle is traditionally used for quantifying the degree of spinal curvature through 

evaluation of the full spinal cord. When conducting measurements on videofluoroscopy 

swallowing studies (VFSS), the Cobb angle can measure degree of cervical vertebrae 

curvature, which may have implications for swallowing. Given that this measure may have 

utility in dysphagia research, the reliability of this measure taken from C2-C4 and 

establishing the presence of changes with age were the focus of the current, proof-of-

principle study. VFSS from 19 healthy young adults and 39 healthy older adults were 

http://creativecommons.org/licenses/by/4.0/
mailto:namasia@mcmaster.ca
mailto:luis_riquelme@nymc.edu
mailto:luisslp@me.com
mailto:smm16@nyu.com
mailto:namasia@mcmaster.ca
http://www.lidsen.com/journals/geriatrics/geriatrics-special-issues/dysphagia-in-the-elderly


OBM Geriatrics 2020; 4(3), doi:10.21926/obm.geriatr.2003129 

 

Page 60/119 

retrospectively analyzed. The C2-C4 Cobb angle was measured between cervical vertebrae 

two and four on frames of laryngeal vestibule closure (LVC) and post-swallow rest. Results 

revealed excellent levels of inter- and intra-rater reliability for frame of post-swallow rest 

(ICCs = 0.788 and 0.793), and fair to good levels of agreement for frame of LVC (ICCs = 0.667 

and 0.621). Significant differences in the C2-C4 Cobb angle were found between the healthy 

young and old data (p < 0.01). Healthy younger adults had a mean angle of 5.89.0 degrees 

at LVC and 7.74.5 degrees at swallow rest, whereas healthy older adults had a mean angle 

of 12.59.0 degrees at LVC and 12.49.7 degrees at rest. Consistent with the existing spine 

literature, the curvature of cervical vertebrae appears to increase with age. With established 

reliability, we propose that the C2-C4 Cobb angle may be used to determine the degree of 

spinal curvature in a variety of patient populations in order to determine impacts on 

swallowing function. 

Keywords  

Deglutition; dysphagia; healthy adults; spine; assessment; videofluoroscopy 

 

1. Introduction 

Given the rapidly growing population of older adults, it is important to consider how natural 

and expected changes to the body – specifically to the head and neck – due to aging, might impact 

swallowing function. Research has previously established that with age we can expect changes to 

pharyngeal lumen size [1], tongue strength [2] and timing of the swallow [3], amongst other things. 

Something rarely considered when examining swallowing in older adults is their posture, which is 

influenced by the shape or curvature of the spine [4]. Interestingly, most previous research 

suggests that body position has little impact on swallowing [5, 6]. However, one study by Su and 

colleagues quantified swallowing parameters in both an upright and supine position and 

determined that positioning had little impact on swallowing a thicker consistency, like pudding, 

but saw increases in temporal measures when thin liquids were swallowed in the supine position 

[7]. Anecdotally, clinicians encourage patients to sit upright as close to 90 degrees as possible in 

order to promote optimal swallowing function. They suggest that any sitting position less than 90 

degrees may prevent the efficient passage of the bolus from the oral cavity into the esophagus [8-

10]. The focus is on the sitting position and resulting posture, with little consideration of how the 

natural shape of the spine might influence swallowing function. 

Studies analyzing anteriorly protruding cervical osteophytes, which are bony protrusions on the 

anterior surface of the lower cervical vertebrae, suggest that such changes to the spine impinge 

bolus passage into the cervical esophagus leading to increased pharyngeal residue and reduced 

upper esophageal sphincter opening [11-13], and/or altered sensation [14-16], as well as laryngeal 

penetration [17, 18]. Other than this research, few studies outside of the traumatic spinal cord 

injury literature have examined the relationship between the changes to the spine and its impact 

on swallowing physiology and mechanics. Given that swallowing function post-spinal cord injury is 

dependent on the cause and type of injury [19], we cannot use such studies to make inferences 

about how non-injury related differences in spinal curvature might affect swallowing. Research 
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specific to the cervical spine has suggested that kyphosis may result in pharyngeal phase deficits 

[20] and increased risk of aspiration [21]. Moreover, spinal-specific research has previously 

established that as one ages the degree of kyphosis (i.e. outward curvature of the spine causing 

“hunching” of the back [see Figure 1]) is expected to increase along the full spine [22-24]. Other 

research has postulated that neck posture can influence one’s risk of aspiration [25-30]. For 

example, a few studies have suggested that neck flexion in the form of a chin-down posture 

improves laryngeal vestibule closure and epiglottic angle, resulting in reduced incidences of airway 

invasion [25, 31, 32]. Since kyphosis is expected with age and neck flexion may act as a protective 

mechanism during swallowing, one might assume that age-related changes in the spine might 

positively influence swallowing physiology. 

 

Figure 1 A lordotic spine (left) versus kyphotic cervical spine (right). 

The spinal cord literature has provided some evidence of age-related changes to the cervical 

spine. A recent meta-analysis examined the existence and extent of cervical lordosis in 

asymptomatic individuals, and evaluated the relationship of this lordosis with age and gender [33]. 

Upon analyzing 21 studies, the authors found curvature was not significantly different between 

symptomatic and asymptomatic individuals, and age was not significantly associated with amount 

of lordotic cervical curvature. Interestingly, other studies have found that the angle of cervical 

lordosis tends to increase with age [34-37].  The parameter of interest for all of these studies was 

cervical lordosis – where the spine is curving posteriorly (see the image to the left of Figure 1). 

However, it is unknown whether kyphosis (anterior curvature or forward head posture) is seen 

specifically in the cervical vertebrae. These studies also all employed the C2-C7 (cervical vertebra 

two to cervical vertebra seven) Cobb angle to measure cervical curvature [38].  

The Cobb angle has historically been used to quantify the degree of spinal curvature for 

patients with scoliosis through evaluation of the full spinal cord and has been established as 

reliable in this context [39]. This method defines angles between 20° and 60° as normal cervical 

curvature [20]. Typically, to measure the Cobb angle, a right angle is drawn between the top-most 

and bottom-most curved vertebrae, and measure the angle formed between the intersecting rays 

from each right angle (Figure 2). The C2-C7 Cobb method measures the curvature of the full 
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cervical spine using radiographic images [39]. Videofluoroscopy swallowing studies (VFSS) are 

dynamic x-ray videos that are used to assess swallowing physiology and mechanics, with 

radiographic images taken depicting the region of the nasal cavity to the cervical esophagus. While 

a VFSS results in series of radiographic images, more often than not, all cervical vertebrae are not 

visible. More specifically, it is often difficult to clearly discern C5-C7. Given that C4 (cervical 

vertebra 4) is generally much more readily visible, we wanted to determine if the Cobb angle could 

be measured between C2 and C4, rather than between C2 and C7. In essence, the C2-C4 would act 

as a proxy measure, allowing a clinician to screen for cervical spine changes using VFSS data, 

rather than subjecting patients to a separate x-ray study of the spine. Interestingly, measures 

conducted between C2-C4 have become common in the dysphagia literature [40-44], likely due to 

the fact that they are clearly visible on VFSS, which is the gold standard method for evaluating 

swallowing. Since we do not currently have an established method for determining degree of 

cervical curvature on frames taken from VFSS, this was the primary purpose of the current, 

exploratory, proof-of-principle study. As a first step in this concept development, we aimed to 

establish if measurements taken from C2 to C4 were reliable. This would help to determine the 

potential of using the modified method as a proxy measure, instead of the traditional C2-C7 

measurement. If the C2-C4 measurements were found to be reliable, we also aimed to determine 

if differences in cervical spine curvature measured were seen between healthy young and healthy 

old participants, consistent with previous spinal cord literature. Moreover, C2-C4 is highly 

correlated with participant height and thus frequently used in dysphagia research for scaling 

measures [40, 45]. We hypothesized that a) we could reliably measure the Cobb angle between C2 

and C4 and b) that we would see a significant increase in the Cobb angle with age. 

 

Figure 2 This image depicts the typical method for measuring the Cobb angle. This 

image by Skoliose-Info-Forum.de is licensed under the Creative Commons Attribution-

Share Alike 3.0 Unported license. 

https://de.wikipedia.org/wiki/Benutzer:Skoliose-Info-Forum.de
https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/
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2. Materials and Methods 

2.1 Data Collection  

The inclusion criteria for the database were that participants were either young adults between 

18 and 45 years of age and healthy, or older healthy adults above 65 years of age. The database 

consisted of videos used for the sole purpose of research. Exclusion criteria for all participant in 

the database included a history of dysphagia, neurological disease/insult, significant head and 

neck surgery (other than routine dental surgery, tonsillectomy, or adenoidectomy), major spinal 

deformities, chemoradiation to the head and neck, and/or possible pregnancy. Ultimately, VFSS 

were included from 19 healthy young adults (10 males; mean age: 32; range: 22-45) and 39 

healthy older adults (18 males; mean age: 77; range: 65-95). VFSS were excluded if image quality 

and/or positioning of the participant prevented the spine from being viewed clearly (n=6, 1 

younger adult and 5 older adults). All studies were conducted using a Kay Pentax Digital Swallow 

Workstation recording system, with the fluoroscope in lateral view at 30 pulses per second and 

were captured and recorded at 30 frames per second. 

Data for this study were extracted from a retrospective research archive of VFSS. The original 

studies were approved by the research ethics boards at Toronto Rehabilitation Institute and New 

York University, and written consent was obtained from each participant prior to study 

participation.  

2.2 Data Processing 

Data extraction for this study was restricted to clips of the first, single sip of thin liquid for each 

participant (continuous cup and straw drinking were excluded). Using standard desktop computers 

with i7 processors and labs with dim lighting so that the x-ray images were clearly visible, the VFSS 

were first spliced into bolus-level clips using Corel Video Studio Pro. They were then assigned an 

alphanumeric code. Raters were a speech-language pathologist and a speech-language pathology 

graduate student who had 4 years and 1 year, respectively, of previous experience performing 

frame-by-frame analyses of VFSS, including identifying swallowing physiology, events and 

kinematics [41]. For the purposes of this study, raters underwent further training on how to 

measure the Cobb angle. Given the potential for spine angle differences during swallowing and at 

rest, the raters were asked to identify two frames per participant. First, they identified the frame 

of maximum laryngeal vestibule closure (LVC), defined as the first frame where there was 

maximum approximation of the arytenoids to the laryngeal surface of the epiglottis. They also 

identified the frame of post-swallow rest, defined as the first frame showing the pyriform sinuses 

at the lowest position, relative to the spine, prior to any hyoid burst or laryngeal elevation for a 

subsequent subswallow. These two frames were chosen with the intent of capturing the spine 

angle during the height of the swallow (LVC; i.e. during swallowing) and capturing the spine angle 

at rest where it would be unlikely for the posture to be influenced by swallowing. Post-swallow 

rest, rather than pre-swallow bolus hold, was chosen as a frame of rest given that data were 

extracted retrospectively and not all participants performed bolus holds during their VFSS. Further, 

the ASPEKT (Analysis of Swallowing Physiology: Events, Kinematics and Timing) method [41] is 

regularly employed in the lab, and this method requires several measures to be taken at the frame 



OBM Geriatrics 2020; 4(3), doi:10.21926/obm.geriatr.2003129 

 

Page 64/119 

of LVC and at the frame of post-swallow rest. Given the high reliability of identifying these frames, 

we felt it best to choose these frames for the current study. 

2.3 Videofluoroscopy Rating 

Once frames of LVC and post-swallow rest were identified and agreed upon, the degree of 

cervical spine curvature was measured using the Cobb angle. For the current study, the Cobb angle 

was measured between C2 and C4 in lateral-view VFSS using the angle tool in ImageJ 

(https://imagej.nih.gov/nih-image/) on the pre-established frames of LVC and post-swallow rest 

for thin liquid swallows (Figure 3). These vertebrae were chosen because they tend to be 

consistently and most easily visible on a VFSS. Further, C7 was not visible in any of the VFSS in our 

database, likely due to the fact that the shoulder generally obstructs the view of the inferior 

cervical spine when patients are positioned in the lateral view. C2-C4 appeared far enough apart 

to obtain a measure of curvature. Raters used the ROI Manager within ImageJ to allow each angle 

drawn to remain on the screen while subsequent angles were drawn, and measurements were 

taken. Twenty percent of the measures were taken in duplicate in order to calculate inter- and 

intra-rater reliability. 

 

Figure 3 Example of two 90°angles around superior portion of C2 (angle 2, in blue) and 

the inferior portion of C4 (angle 1, in red) intersect to measure the Cobb angle (in 

yellow). 

https://imagej.nih.gov/nih-image/
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2.4 Data Analysis 

All statistical analyses were conducted in IBM SPSS version 25. First, all reliability measures 

were computed using two-way mixed intraclass correlation coefficients (ICCs) for consistency. A 

priori determined cut-offs for acceptable reliability were established. Intra- and inter-rater 

reliability assess agreement of the same rater with themselves (intra) or with a second rater (inter). 

Intra- and inter-rater reliability ICCs of 0.75 and above are considered to have ‘excellent’ reliability 

[46]. Next, descriptive statistics were calculated to describe mean cervical curvature for each 

participant group at both frame of LVC and frame of post-swallow rest. Independent sample t-

tests were used to compare degree of curvature at each time point between healthy young and 

healthy old. Two-tailed p-values p < .05 were considered statistically significant. Effect sizes for 

significant pairwise comparisons were calculated using Cohen’s d. Cohen’s d can be interpreted as 

showing a small effect size for values of < 0.5, medium effect size for values of 0.5–0.8, and large 

effect size for values of > 0.8 [47]. 

3. Results 

Results revealed excellent levels of agreement within and across raters for degree of C2-C4 

curvature on the frame of post-swallow rest (ICC = 0.793 (95%CI [-0.032, 0.959]) and 0.788 (95%CI 

[0.060, 0.952]), respectively). There were fair to good levels of agreement within and across raters 

for frame of LVC (ICC = 0.621 (95%CI [-0.893, 0.924]) and 0.667 (95%CI [-0.476, 0.925]), 

respectively).  

Descriptive statistics for the parameters of interest (modified Cobb’s angle measured at LVC 

and post-swallow rest) are displayed in Table 1. Significant differences in the C2-C4 Cobb angle 

were found between healthy young and healthy old at post-swallow rest (t(55) = 2.035, p = 0.003; 

Cohen’s d = 0.633 [medium]). Significant differences in the C2-C4 Cobb angle were also found 

between the healthy young and healthy old data at frame of LVC (t(56) = 3.140, p = 0.001; Cohen’s 

d = 0.97 [large]). No significant differences were found between C2-C4 Cobb angle measured from 

frame of LVC compared to frame of post-swallow rest across collapsed age groups (t(81) = -0.809, 

p = 0.421). 

Table 1 Descriptive statistics for the modified Cobb angle measured across samples at 

two different timepoints: laryngeal vestibule closure (LVC) and post-swallow rest. 

Measure Healthy young 

(n = 19)  

Healthy old  

(n= 39) 

P-value 

C2-C4 angle at  

frame of LVC 

(mean ± standard deviation) 

 

5.8 ± 9.0° 12.5 ± 9.0° 0.001* 

C2-C4 angle at  

frame of post-swallow rest 

(mean ± standard deviation) 

7.7 ± 4.5° 12.4 ± 9.7° 0.003* 

*Denotes a statistically significant p-value, per the results of t-test. 
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4. Discussion 

The primary objectives of this proof-of-principle study were to establish a reliable method for 

measuring cervical spine curvature on VFSS and determine if differences existed in cervical spine 

curvature between healthy young and healthy old samples. Our findings revealed that the C2-C4 

Cobb angle may be a reliable method to measure cervical spine curvature, particularly when 

measured on frame of post-swallow rest. In addition, we found significant differences in curvature 

between younger and older healthy participants. More specifically, consistent with the existing 

spinal cord literature, cervical vertebrae two to four appear to increase in curvature with age [22-

24, 35-38].   

It is interesting to note that reliability is more clearly established on frame of post-swallow rest 

compared to frame of LVC. The reduced reliability on frame of LVC could be due to the movement 

inherent within the pharyngeal stage of the swallow, causing artifact within that frame so that the 

borders of the cervical vertebrae were not completely clear to raters. The overall quality of the 

videos may have also played a role in making the necessary ratings. Given that no significant 

differences were found between the C2-C4 Cobb angle at frame of LVC compared to frame of 

swallow rest, we recommend that future use of the C2-C4 Cobb angle in this context be performed 

on frame of post-swallow rest over the frame of LVC. It may be warranted to explore other frames 

of interest in future research.  

This non-invasive method of measuring cervical spinal cord curvature has potential use for 

future dysphagia research. With established reliability, the C2-C4 Cobb angle can be used to 

determine the degree of spinal curvature in a variety of populations and potentially explore its 

impact on swallow biomechanics. In order to further establish reliability, it is important that this 

method is validated by comparing the results to the standard application of the Cobb angle from 

C2-C7 and by evaluating the efficacy of this measurement in patients with documented cervical 

spine changes.  Once confirmed to be reliable and valid, the modified method might specifically be 

useful in situations where we expect damage to or deterioration of the cervical spine, without 

having to request a separate x-ray to take measurements on the full cervical spine using the C2-C7 

Cobb method. Moreover, the measurements can be incorporated into statistical analyses to 

control for variation attributed to spinal curvature during swallowing. They might also be used as a 

method of monitoring changes in spinal curvature within older adults along the course of a disease 

trajectory. Some might also choose to use measurements of C2-C4 spine curvature to help explain 

changes in the swallow that cannot be attributed to timing, coordination or basic kinematics. This 

proxy measure might eventually be useful for clinicians who are concerned about neck posture 

and would like to track changes in cervical spine curvature via clinical VFSS performed over time.  

When considering that significant differences in C2-C4 curvature were found between the 

young and older participants, one might question the reason for these changes across the lifespan. 

Recent research by Brates et al. [40] suggests that changes to spinal morphology result in scaled 

hyoid movements that are inflated in older individuals because of a reduction in C2 to C4 length, 

due to cervical disc degeneration present in most older adults [48]. This degeneration results in a 

loss of intervertebral height. It is possible that this difference in C2 to C4 length may be impacting 

the Cobb angle, or an increase in kyphosis is contributing to a shorter cervical spine height. Future 

work will need to consider these age-related changes to the spine and clarify how kyphosis and 
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disc degeneration are related. In order to monitor these changes over time, we will also need to 

establish test-retest reliability. 

Given that the purpose of the current, exploratory study was to establish proof-of-principle, 

several limitations require acknowledgement. Firstly, the method itself has some limitations. Since 

it is measuring spine curvature between a relatively short distance (3 vertebrae), the resulting 

measurements may not account for disc protrusion, osteophytes, or other factors influencing 

spine curvature that occur below C4. However, given that the region between C2 and C4 is where 

many important physiologic swallowing functions take place, we predict that curvature in this area 

is significant for swallowing physiology and is therefore useful to measure. Another limitation is 

that the data analyzed for this study was restricted to a retrospective sample of young and older 

healthy adults, who did not have any documented cervical spine changes. A further limitation is 

that given that the data were extracted retrospectively from a research archive, it is possible that 

differences in head posture, patient positioning and/or instructions across participants may have 

impacted the findings. We were also unable to compare our C2-C4 Cobb angle measurements to 

measurements taken from C2-C7, given that C7 was not visible on the large majority of VFSS. 

Future studies should consider validation against x-ray where more of the spine is visible and/or 

MRI. Moving forward, it will be critical to perform a prospective study, where many of these 

factors can be controlled. Future studies should also consider minimizing random error by taking a 

minimum of three measurements and averaging the results. 

5. Conclusions 

The Cobb angle is a method of measuring spine curvature on x-rays and is a relatively simple 

measurement to conduct. This proof-of-principle research establishes that the Cobb angle 

measurements between cervical vertebrae two and four, derived from VFSS using ImageJ on the 

frame of post-swallow rest, have satisfactory inter-rater and intra-rater reliability. Moreover, we 

have confirmed changes in cervical spine curvature with age using this modified Cobb angle 

method, thus suggesting that the measure may be an option for monitoring cervical spine 

curvature via VFSS. Future work should focus on recruiting a prospective sample that includes 

patients with documented cervical spine changes that are age-matched with healthy participants. 

It would also be interesting to determine if the trend of increased C2-C4 spine curvature continues 

with old, old adults (i.e. those who are 80+ years of age). Given that cervical spine curvature may 

be influenced by posture and thoracic spine curvature, future work should compare these 

parameters to measurements taken using a cervical range of motion device, used to evaluate the 

range of motion of the cervical spine. Validation of this method within a prospective study using 

the C2-C7 Cobb method will also be an important next step towards using this adapted method in 

research and clinical practice. Lastly, future studies should determine if and at what point cervical 

kyphosis influences swallowing physiology. The directionality of the curvature must also be 

confirmed, as well as the implications of lordotic and kyphotic cervical spines on swallowing 

function in different populations and in various swallowing postures. 
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Abstract 

Delirium is an acute change in mental status with key features of inattention and 

disorganized thinking. It is particularly common in older adults, with multiple and varied 

causes. Delirium increases the risk of morbidity, mortality, institutionalization, and 

healthcare costs; however, it is often missed because it is difficult to recognize without the 

use of a validated screening tool. The Age-Friendly Health Systems (AFHS) initiative 

highlights the need for implementation of a delirium monitoring program in hospitals 

through early identification, using delirium screening tools and the non-pharmacological 

approach to prevent and treat delirium. Implementing a delirium monitoring program 

requires leadership engagement, multidisciplinary team involvement, staff education and 

training, proper documentation and communication, electronic medical records integration, 

and addressing identified barriers to success. This review will discuss 1) the impact of 

delirium in hospitalized older adults, 2) the guidelines of AFHS in establishing delirium 

monitoring programs, and 3) a practical approach to implementing a delirium program with 

a focus on screening and treatment. 
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1. Case Vignette 

A 76-year-old female presents for admission to the hospital for a diagnosis of community-
acquired pneumonia. She has a history of essential hypertension and mild Alzheimer’s type 
dementia. She lives with her daughter but performs all activities of daily living (ADLs) 
independently. Upon admission, she is alert and oriented x 4 and able to follow commands but is 
mildly hypoxic with oxygen saturation of 90%. The rest of her physical exam is otherwise normal. 
She is treated with oxygen and antibiotics. On day 2 of hospitalization, her daughter notes that 
since admission the patient is sleeping more, not eating her meals, and does not answer questions 
appropriately. On exam, she is now disheveled and mumbling, arousable but quickly falls back 
asleep, and is oriented to person only. 

A review of her medications did not reveal any sedatives or other possible offending 
medications. She however was noted to be missing her eyeglasses and had been in bed since 
admission. After an extensive work-up, which included unremarkable labs and imaging of her 
chest and brain, a diagnosis of delirium was made, and non-pharmacological delirium treatment 
protocols were initiated. By day 5 of hospitalization, the patient is alert and oriented x 4 again and 
able to follow commands, although sleeping more than usual and not being mobilized. Her 
daughter also notes that the patient seems to struggle with knitting, which has been her favorite 
hobby for years. She was discharged to a skilled nursing facility for rehabilitation. 

What was wrong with this patient? Could this have been prevented? Could this have been 
identified earlier? How would you care for this patient? 

2. Introduction 

This case illustrates an all too common experience for older adults in the hospital setting - 

delirium. Delirium is an acute or fluctuating alteration in mental status characterized by 

inattention, altered level of consciousness, and disorganized thinking [1, 2]. Patients may arrive to 

the hospital with delirium, but often delirium develops over the course of a hospitalization and is 

now the leading hospital-acquired complication for older adults [2, 3]. The etiology of delirium is 

usually multifactorial due to an interaction of predisposing and precipitating factors [4]. Delirium is 

associated with prolonged hospitalization, discharge to settings other than home, and mortality 

[5]. Additionally, ongoing research has shown that even after the most severe symptoms have 

resolved, prolonged cognitive impairment may plague patients for years [6-8].  

Like many geriatric syndromes, delirium is often preventable but underdiagnosed. Without use 

of a validated screening tool, 75% of delirium cases may be missed [6]. When a system-wide 

approach is applied to prevent, detect, and manage delirium, improved patient outcomes can be 

accomplished [9]. Recently, a social movement was developed, known as Age-Friendly Health 

systems (AFHS), which advocates for delirium monitoring programs at hospitals, for all older adults 

(>65 years old). AFHS encourages that hospitals set up initiatives to prevent, identify, and manage 

delirium. 
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This paper will discuss 1) the impact of delirium in hospitalized older adults, 2) the guidelines of 

AFHS in establishing delirium monitoring programs, and 3) a practical approach to implementing a 

delirium program with a focus on screening and treatment. 

2.1 Clinical and Public Health Impact of Delirium 

Delirium is very common in the hospital setting, affecting up to 20-40% of older adults on 

medical and surgical units, and 70-75% in the intensive care setting [8, 10-12]. Although often not 

considered with the seriousness of other organ failure, such as heart failure or renal failure, “brain 

failure,” as delirium has been colloquially referred to, is potentially a life-threatening condition. In 

fact, older adults with delirium have been found to have a mortality rate comparable to acute 

myocardial infarction [13]. Patients who develop delirium have much poorer outcomes compared 

to similar patients that do not. Delirium is an independent risk factor for mortality. In-hospital 

mortality rates have been as high as 25-33%, and risk of death remains increased up to 2 years 

later in those that survive hospitalization [5]. Delirium increases risk for falls, infections, prolonged 

mechanical ventilation, and functional decline, resulting in loss of independence, depression, post-

traumatic stress disorder, and long-term cognitive impairment [5, 6]. Also, patients who become 

delirious in the hospital are more likely to be discharged to a nursing facility rather than home [5]. 

Due to the above factors, delirium is extremely costly to the health care system. Costs related to 

delirium in the United States have been estimated to be $164 billion per year, which nearly 

matches the cost of diabetes care and complications [14]. 

2.2 Age-Friendly Health Systems 

The population of older adults aged 65 years and over in the United States is rapidly growing 

[15]. This population often requires highly complex health care, posing a great challenge and 

burden for the current health system [16]. Older adults are at increased risk of developing 

delirium and its serious consequences due to higher prevalence of predisposing risk factors (e.g. 

older age, functional impairment, vision impairment, hearing impairment) [4]. Furthermore, frailty 

in older adults also increases the risk of delirium, due to increased vulnerability and decreased 

adaptation to stressors [17, 18]. In order to address this, the Institute for Healthcare Improvement 

(IHI) and the John A. Hartford Foundation partnered with the American Hospital and Catholic 

Health Associations in 2017 to develop an initiative titled “Age-Friendly Health Systems” [19-21]. 

This initiative focuses on using the “4Ms framework” to assess and address the multidimensional 

health care needs of older adults, tailored to their goals, with the aim of improving outcomes. The 

components of the 4Ms-medication, mentation, mobility, and what matters most-are evidence-

based and designed to be implemented together across all care settings (Figure 1). The 

implementation of this framework has also been shown to provide financial benefits to health 

systems, with one health system estimating an annual net income potential of $3 million [22]. The 

mentation component of the 4Ms involves the prevention, identification, and management of 

delirium in hospitalized older adults, and depression and dementia in outpatients [21]. 

For delirium, the key actions of age-friendly hospitals are to use non-pharmacologic means to 

prevent and treat delirium (such as hearing aids, glasses, ensuring oral hydration/nutrition) and 

screening for delirium at least every 12 hours [21]. In this paper, while we will touch on 
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prevention, screening, and management, we will focus on the key steps needed to implement a 

delirium monitoring program. 

 

 

Figure 1 4Ms Framework for Age-Friendly Health Systems. The Institute for Healthcare 

Improvement and its partners established the 4Ms framework as a process for 

providing evidence-based, age-friendly healthcare across a health system. Screening 

hospitalized older adults for delirium at least every 12 hours is a key action of an age-

friendly health system [21]. www.ihi.org/engage/initiatives/age-friendly-health-

systems. 

3. Delirium Prevention 

Delirium can occur in any hospitalized older adult, however some populations considered high 

risk are patients with advanced age, dementia, infections, multimorbidity, high illness severity, 

prolonged hospital stay, decreased mobility, sensory impairments, dehydration, electrolyte 

disturbances, urinary catheterization, malnutrition and those on potentially inappropriate 

medications [23, 24]. This population should be targeted for early screening and prevention of 

delirium. Up to 40% of delirium is preventable by non-pharmacologic means [25, 26]. Hence, 

delirium prevention should be based on a non-pharmacological approach [9]. The Hospital Elder 

Life Program (HELP) has robust evidence demonstrating its effectiveness in preventing delirium 

using a non-pharmacologic approach [25]. The main components of HELP are included in the 

recommendations by AFHS for preventing delirium: 

• Ensure proper oral hydration and nutrition, as well as trying to eliminate intravenous 

fluids/medications/nutrition if possible. 

• Reorient often, with help from family members. 
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• Modify the environment by ensuring blinds are open during the day, minimize use of 

tethering devices. 

• Restore sensory mechanisms, such as ensuring eyeglasses and hearing aids are in use. 

• Ensure good pain control by having a high index of suspicion and assessing for pain, 

scheduling pain medications and using non-opioid analgesics. 

• Encourage mobility. 

• A protocol to minimize sleep disruption, such as the use of earplugs, sleeping masks and 

reducing nighttime vital signs, should also be put in place [21]. 

The mnemonic HOMMEEESS can be a helpful way to remember delirium prevention strategies 

(Figures 2 and 3), and the individual components of this guide are based on the HELP and AFHS 

recommendations [21, 25]. The Acute Care for the Elderly (ACE) unit is appropriately modeled to 

allow implementation of these strategies; however, these can also be implemented on a general 

medical/surgical floor with proper staff training. Pharmacists could also help with medication 

reconciliation and reduction of deliriogenic medication use (Figure 4). In patients who are 

admitted to a non-geriatric primary service, early and proactive geriatrics consultation should be 

placed in order to prevent delirium in patients at high risk [26]. These high risk patients may be 

identified using the AWOL screening tool, which has been validated to predict the risk of 

development of delirium in hospitalized patients [27]. 

 

Figure 2 Delirium Care - Nursing Guide. Example of a nursing-focused framework for 

delirium prevention and screening in the non-ICU hospital setting. bCAM - brief 

confusion assessment method; CAM-ICU - confusion assessment method for the 

intensive care unit; MD - medical doctor; NP - nurse practitioner; RN-registered nurse. 

The evidence for the reliability and validity of HOMMEEESS as a guide is yet to be 

determined. 
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Figure 3 Delirium Care-Provider Guide. Example of a provider-focused framework for 

delirium prevention, evaluation and treatment in the non-ICU hospital setting. bCAM - 

brief confusion assessment method; MD - medical doctor; NP - nurse practitioner; RN - 

registered nurse; MI - myocardial infarction. The evidence for the reliability and 

validity of HOMMEEESS as a guide is yet to be determined. 

 

Figure 4 Delirium Care-Pharmacist Guide. Example of a pharmacist-focused framework 

for delirium prevention, evaluation and treatment in the non-ICU hospital setting. 

bCAM - brief confusion assessment method; MD - medical doctor; NP - nurse 

practitioner; RN - registered nurse; IV - intravenous. 
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4. Delirium Screening 

Screening for delirium every 12 hours is recommended by the AFHS and is already recognized 

as a hospital standard for older surgical patients [28]. The science of delirium screening has 

advanced rapidly, with many screening tools now available. 

4.1 Delirium Screening Tools 

The diagnosis of delirium is often missed without the use of a structured diagnostic tool for 

rapid and accurate screening [6, 29]. Multiple screening tools have been validated over the years 

[30]. The Confusion Assessment Method (CAM) is one of the most valid and reliable tools for 

detecting delirium and uses the four feature structure to assess delirium-1) acute change or 

fluctuation in mental status from baseline, 2) inattention, 3) altered level of consciousness, and 4) 

disorganized thinking [31, 32]. A patient is considered CAM positive (i.e. delirium present) if 

features 1 and 2 and either feature 3 or 4 are present. Many derivations of the CAM have been 

developed for special populations. For example, in the intensive care unit (ICU), the Confusion 

Assessment Method for the ICU (CAM-ICU) is an accepted and widely used delirium screening tool 

[33, 34]. Similarly, a modified version of the CAM-ICU called the brief Confusion Assessment 

Method (bCAM) was developed for use in busy non-critical care settings and can be quickly and 

reliably performed by non-physicians [35]. The bCAM takes less than two minutes to perform and 

assesses the four features in the CAM [30, 36]. Figure 5 shows the bCAM algorithm and details 

how each feature can be assessed. Features 1 and 2 and either Feature 3 or 4 most be present in 

order to be considered bCAM positive, and thus highly suggestive of delirium [30]. AFHS also 

recommends the CAM, CAM-ICU and bCAM as some of the many valid delirium tools to 

implement [21]. 

 

Figure 5 Brief Confusion Assessment Method (bCAM). Features of the brief Confusion 

Assessment Method (bCAM), which is a validated delirium screening tool. bCAM 

positive = Features 1+2+(3 or 4) = Delirium. RASS - Richmond Agitation and Sedation 

Scale. 
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The efficacy of delirium screening tools in the clinical setting has been well studied. The CAM 

was shown to be 94-100% sensitive and 90-95% specific when compared to a psychiatrist’s 

assessment in the original validation study [31]. A systematic review and meta-analysis of 

prospective studies conducted in hospitalized patients showed a pooled sensitivity of 86% and 

pooled specificity of 93% [29]. The efficacy of the CAM-ICU was examined in two systematic 

reviews and meta-analyses, with both studies showing a pooled sensitivity of 74% and 80% 

respectively, and a pooled specificity of 96% [34, 37]. In another study, the bCAM was found to be 

84% sensitive and 96% specific when performed by physicians in the emergency department [38]. 

The specificity of the bCAM was similar when performed by non-physicians (97%), however, the 

sensitivity was lower at 78% [38]. A modified version of the bCAM was later assessed in a 

secondary analysis, showing improved sensitivity of 82% when performed by non-physicians, and 

similar results for physicians [35]. A recent study in hospitalized palliative care patients also 

showed good sensitivity and specificity of the bCAM at 80% and 87% respectively [39]. There have 

also been other studies of delirium screening using the CAM-ICU in both the non-ICU and ICU 

settings that although showed lower sensitivities, consistently demonstrated high specificities [30]. 

This highlights a limitation of delirium screening tools like the CAM-ICU or bCAM that may give 

some false negative results, thus missing some delirious patients. However, the low false positive 

rates of these tools do give a clinician more confidence that delirium is truly present with a 

positive screen. Overall, the highlighted studies have shown that the bCAM can be used to 

efficiently screen for and detect delirium by both physicians and non-physicians. 

4.2 Implementing Delirium Screening on an Acute Care for the Elderly Unit 

The ACE Unit is an inpatient floor unit designed for the hospitalization of older adults aged 65 

and over.  This unit is designed as a continuous quality improvement care model focused on 

preserving the functional independence of older adults and improving outcomes by using multi-

dimensional interventions [40]. Implementation of delirium screening on the ACE unit is in line 

with the goals of the unit and is important to allow prevention, early identification, and 

management of delirium [30]. Although we specify implementation strategies on the ACE unit, 

these can also be applied to a general medical/surgical floor, with appropriate staff training. 

The goal of delirium screening should be to integrate the process into routine daily care [21]. 

Various studies have shown the possibility of successful implementation of delirium screening 

using different screening tools and strategies [30]. One study focused on the training of nurses in 

the correct use of the CAM-ICU to assess delirium every 8 hours, using lectures, videos and 

bedside application [41]. A different study confirmed that the use of these educational methods 

improved the rates of delirium screening by nurses when incorporated into standard daily nursing 

practice [42]. In addition to education, the standardization of delirium screening documentation 

and communication of delirium status to clinicians increases delirium screening by dayshift nurses 

to as high as 93% [43]. An implementation strategy used in another study focused on identifying 

probable barriers and facilitators for screening via medical staff interviews, resulting in 

significantly improved screening, from 77% to 92% [44]. This strategy allowed them to address the 

identified barriers using facilitators, for example, integrating the screening tool into the patient 

data management system, as well as, obtaining support from senior nurses and nursing leadership 

[44]. 
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There is paucity of data on delirium implementation strategies on the ACE unit, however more 

data is available in the ICU, and these can be adapted for use on the ACE unit, given the feasibility 

and success of these strategies. Figure 6 shows an outline of steps and strategies that may be used 

to implement delirium screening on the ACE unit, using the bCAM as a screening tool. Engaging 

stakeholders, such as nursing and physician leadership to get buy-in is an important step for 

successful implementation, after which an interdisciplinary team should be created [30]. This team 

should consist of physicians, nurse practitioners, nurses, pharmacists, therapists, unit leadership, 

ancillary staff, as well as patient/family representatives, who could help drive the implementation 

process. Education and training of nurses and clinicians should focus on knowledge about delirium 

and the bCAM, as well as bedside applications [30]. The need to assess accuracy of screening, 

proper documentation, and communication with clinicians should be emphasized. The electronic 

medical record should be designed to allow easy documentation of bCAM results at every shift, 

which not only enhances communication but also allows easy daily data collection for analysis 

[30]. Data should be analyzed regularly, and results communicated to staff and other members of 

the interdisciplinary team at regular meetings, perhaps monthly. Barriers to delirium screening 

should be identified, addressed, and reassessed continuously. Throughout the implementation 

process, it should be noted that education and training may need to be repeated for new staff and 

reinforced for current staff [30]. 

 

Figure 6 Implementation of Delirium Screening Using the Brief Confusion Assessment 

Method (bCAM). Example of steps involved in implementation of the bCAM as a 

delirium screening tool on an inpatient unit, with emphasis on buy-in, interdisciplinary 

teamwork, education, training and communication. These strategies are necessary to 

achieve successful implementation. bCAM - brief confusion assessment method. 

5. Delirium Management: Evaluation and Treatment 

Delirium screening implementation can be discouraging if care teams do not intervene when 

there is a positive delirium screen [45]. Hence, care teams need to work closely together not only 

to prevent and detect delirium early but also to evaluate for possible delirium triggers and provide 

the appropriate treatment. While all members of the interdisciplinary team are important in 



OBM Geriatrics 2020; 4(3), doi:10.21926/obm.geriatr.2003128 

 

Page 81/119 

optimizing outcomes for patients with delirium, three key players in this process are the nurses, 

clinicians/providers, and pharmacists who should work together to achieve this goal. Figures 2-4 

illustrate each key player’s role in the prevention, early identification, evaluation, and treatment 

of delirium. Family member integration into this care model has also shown improved outcomes 

[3, 46]. 

5.1 Evaluation 

The diagnosis of delirium should trigger a prompt and thorough evaluation to identify 

reversible causes of delirium [3]. The first step is for nursing staff to feel empowered to quickly 

communicate the positive bCAM screen to clinicians, and while awaiting this evaluation, revisit the 

delirium prevention strategies and address any possible predisposing factors. The clinician 

evaluation should include a thorough history and physical exam, focusing on new symptoms, 

medication review (with the help of the pharmacist), vital signs, lung exam and neurologic exam 

[3]. Some organic causes of delirium include pain, infection (urinary tract infection, pneumonia), 

ischemia, constipation/urinary retention, dehydration and electrolyte derangements. The 

mnemonic PINCHEDME can be a helpful way to remember delirium etiology (Figure 3). The causes 

of delirium are frequently multifactorial, and laboratory testing/imaging should be guided by 

history and physical exam. 

5.2 Treatment 

It is important to address factors contributing to delirium that have been identified during the 

evaluation early on, in order to reduce poor outcomes from delirium [30]. This step requires 

proper integration within the care team. The mainstay of treatment should be focused on non-

pharmacologic interventions such as reorientation, ensuring water and oral fluids are easily 

accessible, providing an adequate pain regimen, modifying the environment, restoring sensory 

mechanisms, minimizing sleep disruption, encouraging mobility, removing tethering devices, 

avoiding restraints, and stopping/tapering off all offending medications [21]. Pharmacologic 

treatment should be targeted at the underlying etiology, such as the use of laxatives for 

constipation and antibiotics for infections. The use of sedating medications should generally be 

avoided, particularly the use of benzodiazepines, which have been shown to worsen delirium [47]. 

In challenging cases, benzodiazepine use should be limited to delirium due to alcohol or 

benzodiazepine withdrawal if possible [3]. Medications used to treat behavioral disturbances, such 

as antipsychotics, should also be avoided and only used for behavior that threaten safety of the 

patient or staff [30]. When needed, the lowest dose possible should be used, for the shortest 

duration that is necessary [3]. Studies have shown no benefit with the use of antipsychotics 

otherwise [48, 49]. 

6. Conclusions and Recommendations 

The patient in this vignette had a diagnosis of delirium evidenced by her change in mental 

status from baseline, inattention, and altered level of consciousness. This may have been 

identified earlier if delirium screening during every shift was done using a validated screening tool. 

Furthermore, this scenario may have been prevented if delirium prevention strategies such as 
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reorientation, early mobilization and restoration of sensory mechanisms were already in place on 

the unit. Although her delirium resolved with appropriate non-pharmacological delirium 

treatment, she now has a decline in her functional status and requires post-acute care for 

rehabilitation. This case highlights some adverse outcomes of delirium and emphasizes the 

importance of delirium screening in hospitalized older adults. Implementation of delirium 

screening using a validated tool addresses the mentation component of the 4Ms and incorporates 

delirium prevention, detection, evaluation, and management into the plan of care-a step towards 

becoming an age-friendly health system. 
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Abstract  

With life-expectancy rising globally, the prevalence of ageing, comorbidity and frailty is likely 

to increase especially in the low and middle income countries. The emergence of the new 

COVID-19 pandemic has been concentrated in this group of patients and has led to worse 

outcomes compared to younger and less comorbid populations. This group of patients is at 

an increased risk of multi-organ consequences of systemic disease. Therefore, systemic 

assessment of these patients from the outset and optimisation of their pre-existing 

conditions in addition to the treatment of COVID-19, is required to reduce the risk of multi-

organ failure. Decisions regarding escalation of treatment should include frailty assessment 

along with the overall comorbid condition and function. The expected projection of the 

ageing population will mean the population is increasingly at risk, locally and globally, of 

managing a new pandemic, in particular in those low and middle income countries with less 

access to healthcare resources. Therefore, WHO and governments around the world must 

consider this potential threat in future health care planning. 
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1. Introduction 

The global population is ageing. With this, the risk of infections increases. In December 2019, a 

pneumonia-like illness was first reported in Wuhan-China caused by a new coronavirus - corona 

virus disease-2019 (COVID-19) - which has since caused a global pandemic [1]. The incidence, 

severity and mortality of COVID-19 infection appears to be shifted towards old age, especially in 

those who are frail and with multiple comorbidities. The most commonly reported comorbid 

conditions are hypertension, cardiovascular disease, respiratory disease and diabetes mellitus, all 

of which are more prevalent in older age [2]. Although frailty has not been formally assessed in 

most COVID-19 published literature, it is possible that frailty was the surrogate marker of old age 

and the associated comorbidities. Frailty is characterised by dysregulation in the innate and 

adaptive immunity that leads to increased susceptibility to severe infections. This manuscript 

reviews the published data on COVID-19 infection and explores the synergistic role of ageing and 

frailty in increasing the risk of adverse outcomes. 

2. Aging  

Globally, people are living longer. By the year 2050, the number of people aged ≥60 years is 

expected to reach 2 billion, a surge from a reported 900 million people in 2015. People ≥80 years 

are the fastest growing group and will almost quadruple to reach 434 million in 2050 from the 

current 125 million [3]. The pace of population ageing worldwide is also increasing dramatically. 

While this demographic shift towards old age, known as population ageing, initially started in high-

income countries such as Japan (currently 30% of the population is already over 60 years old), it is 

now moving fast towards low- and middle-income countries and in 2050, 80% of all older people 

are expected to be living in these countries [3].  

There is, however, little evidence to suggest that older people today are experiencing their later 

years in better health than their parents. Although over the last 30 years, the rates of severe 

disability may have been reduced, there has been no significant change in mild to moderate 

disability over the same period. In addition to the expected increase in life expectancy, this will be 

associated with increased prevalence of comorbidity.  

3. Comorbidity 

Patients naturally accumulate comorbidity with increased age and population studies have 

previously suggested that 31.4% of those over 85 years will have four or more chronic conditions 

[4]. Furthermore, there is likely to be a development of subclinical pathology in various organ 

systems, even in the absence of overt disease, which likely contributes to adverse health 

outcomes [5]. For example, multi-morbidity has been shown to increase the likelihood of hospital 

admissions, increase length of stay and the readmission rate. It has also been shown to negatively 
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impact on healthcare costs, reduce quality of life and increase the prevalence of dependency, 

polypharmacy and mortality [6].  

With increasing ageing of the population, it is projected that from the years 2015 to 2035, the 

number of people living with ≥4 comorbidities will almost double (from 9.8% to 17.0%) and more 

than two thirds of gains in life expectancy after the age of 65 years will be spent living with ≥4 

long-term conditions [7]. Comorbidity associated with increased age will lead to the emergence of 

complex health states that tend to occur later in life and are commonly called geriatric syndromes 

that include frailty. 

4. Frailty 

Frailty is defined as a state of increased vulnerability to physical or psychological stressors 

because of decreased physiological reserve in multiple organ systems that cause limited capacity 

to maintain homeostasis [8]. The prevalence of frailty in older people > 65 years reaches up to 7% 

and up to 40% in those >80 years [9]. In a systematic review of observational population-based 

studies, the prevalence of frailty was 14%-24%. This increased with age and was associated with a 

poor survival in a dose-response manner [10].  

The incidence of frailty is also high. In a systematic review of 46 observational studies involving 

120,805 non-frail (robust or pre-frail) community-dwelling participants who were ≥60 years old, 

from 28 countries, and who survived the median follow up period of 3 years, 13.6% became frail 

(incidence rate 43.4, 95% confidence interval {CI} 37.3 to 50.4, cases per 1000 person-years). The 

incidence of frailty was significantly higher in pre-frail individuals than robust individuals 

(incidence rates, 62.7%, 95% CI 49.2 to 79.8 and 12.0%, 95% CI 8.2 to 17.5, cases per 1000 person-

years, respectively, P <0.001). Among robust individuals in 21 studies who survived a median 

follow-up of 2.5 years, 30.9% became pre-frail, with the pooled incidence rate 150.6 (95% CI 123.3 

to 184.1) cases per 1000 person-years. Results of this study suggest that community-dwelling 

older people are prone to developing frailty [11].  

5. COVID-19 

The respiratory disease COVID-19 is caused by the severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2). The SARS-CoV-2 is a zoonotic virus similar to the previous corona 

viruses that caused the Severe Acute Respiratory Syndrome (SARS) and the Middle East 

Respiratory Syndrome (MERS). All the three viral infections commonly present with respiratory 

symptoms and lead to adverse clinical outcomes especially related to ageing, underlying 

comorbidities and frailty. 

5.1 Ageing-Related Risk 

In an epidemiological report of 72,314 cases of COVID-19 in China, the majority of cases (89.8%) 

were between the age of 30 to 79 years old and the proportion of cases in the elderly (> 60 years) 

was 44.1%. The overall case mortality rate (CFR) was 2.3%, which increased proportionally with 

age. The CFR in those aged 70 to 79 years was 8.0% and in those aged ≥80 years was 14.8% [12]. In 

A study of 48,557 cases and 2,169 deaths, conducted in Wuhan China estimated that the risk of 
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mortality from the time of onset of symptoms in those aged >59 years was 5.1 (95% CI 4.2 to 6.1) 

times greater than those aged 30-59 years [13].  

Older age was identified as a risk factor for mortality from COVID-19 pneumonia in a Chinese 

retrospective, multicentre cohort study ({odds ratio (OR) 1.10, 95% confidence interval (CI) 1.03 

to1.17, p=0·004) [14]. Ageing has also been found to predict severity of disease. In a Chinese 

clinical progression study of COVID-19, age (OR 1.06) was independently associated with ICU 

admission in multivariate logistical analysis [15].  

In another study, old age was a significant risk factor for the development of acute respiratory 

distress syndrome (ARDS) and the progression from ARDS to death ({hazard ratio (HR) 3.26, 95% CI 

2.08 to 5.11; and 6.17, 3.26 to 11.67, respectively) [16]. Ageing appears to play a significant role in 

mortality rate differences between countries affected. For example, the overall case-fatality rate 

in Italy (7.2%) is substantially higher than that in China (2.3%) but when data are stratified by age 

groups, the case-fatality rate in Italy and China appear very similar up to the age of 69 years. 

Individuals aged ≥70 years represent 37.6% of cases in Italy and only 11.9% in China from which 

we may infer that the higher overall case-fatality rate is due to the high prevalence of older age 

groups in Italy compared to China [17]. Also, in an initial British report of 16,749 patients with 

severe COVID-19 who were hospitalised, the median age was 72 years (IQR 57, 82). Increasing age 

was a strong predictor of in-hospital mortality after adjusting for comorbidity (reference age <50 

years, 50-69yrs HR 4.02 (95% CI 2.88 to 5.63, p<0.001), 70-79yrs HR 9.59 (6.89 to 13.34, p<0.001), 

≥80yrs HR 13.59 (CI 9.79 to 18.85, p<0.001) [18]. Finally, the recently reported British database 

analysis of 17,425,445 NHS registered adults showed that 5,683 deaths were attributed to COVID-

19 and mortality was strongly and proportionally associated with age. With the data being fully 

adjusted and the 50-59 age group being used as a reference point, those aged 18-<40 had a risk of 

only 0.07 (95% CI 0.05 to 0.1), whereas those in the ≥80 years age group had a 12.64-fold (95% CI 

11.19 to 14.28) increased risk of death from COVID-19 [19].  

5.2 Comorbidity-Related Risk 

The Chinese epidemiological report of 72,314 cases of COVID-19 showed that the CFR was high 

among patients with pre-existing comorbid conditions. CFR was 10.5% for patients with 

cardiovascular disease, 7.3% for diabetes mellitus, 6.3% for chronic respiratory disease, 6.0% for 

hypertension and 5.6% for cancer [12]. In a meta-analysis of 7 studies including 1,576 patients 

with COVID-19, the most prevalent comorbidities were hypertension (21.1%, 95% CI 13.0 to 

27.2%), diabetes (9.7%, 7.2 to 12.2%), cardiovascular disease (8.4%, 3.8 to 13.8%) and respiratory 

disease (1.5%, 0.9 to 2.1%). The pooled odds ratio (OR) for severe illness prediction were 2.36 (95% 

CI 1.46 to 3.83) for hypertension, 2.46 (1.76 to 3.44) for respiratory disease and 3.42 (1.88 to 6.22) 

for cardiovascular disease respectively [2].  

In another meta-analysis of 6 studies including 1,527 patients with COVID-19, the incidences of 

hypertension, cardio-cerebrovascular disease and diabetes mellitus were twofold, threefold and 

fourfold respectively higher in severe intensive care unit (ICU) patients compared to severe non-

ICU patients [20]. In a Chinese nationwide analysis of 1,590 hospitalised patients with COVID-19, 

conducted to evaluate the composite endpoints of admission to intensive care unit, invasive 

ventilation or death, 8.2% patients reached to the composite endpoints. A minimum of one 

comorbidity was present in 25.1% of patients. Two or more comorbidities were reported in 8.2% 
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of patients. The composite endpoint was documented in 28.5% of patients who had two or more 

comorbidities, 19.3% of patients who had at least one comorbidity as opposed to 4.5% patients 

without comorbidities. Significantly, more patients with hypertension (19.7% vs. 5.9%), 

cardiovascular diseases (22.0% vs. 7.7%), cerebrovascular diseases (33.3% vs. 7.8%), diabetes (23.8% 

vs. 6.8%), COPD (50.0% vs. 7.6%), chronic kidney diseases (28.6% vs. 8.0%) and malignancy (38.9% 

vs. 7.9%) reached the composite endpoints compared to those without. Risk factors for reaching 

the composite end points were COPD {hazards ratio (HR) 2.681, 95% CI 1.424 to 5.048}, diabetes 

(1.59, 1.03 to 2.45), hypertension (1.58, 1.07 to 2.32) and malignancy (3.50, 1.60 to 7.64) after 

adjusting for age and smoking status. The HR was 1.79 (95% CI 1.16 to 2.77) among patients with 

at least one comorbidity and 2.59 (95%CI 1.61 to 4.17) among patients with two or more 

comorbidities. This analysis suggests that number of comorbidities proportionally increases the 

risk of adverse outcomes [21].  

In Italy, a chart review of 355 patients who died with COVID-19 showed the mean (SD) number 

of comorbidities was 2.7 (1.6). Overall, 0.8% of patients had no comorbidities, 25.1% had one 

comorbidity, 25.6% had 2 comorbidities and 48.5% had ≥3 comorbidities suggesting that mortality 

is proportional to number of comorbidities [17]. In the British report of 20,133 patients 

hospitalised with severe COVID-19, 77% had a documented comorbidity which was associated 

with increased hospital mortality [18]. Available data from the countries most prominently 

affected by COVID-19 is summarised in Table 1 [17, 18, 21, 22].  

5.3 The Frailty Factor 

Frailty is characterised by dysregulation in the innate and adaptive immunity that leads to 

chronic inflammation and increased susceptibility to severe infections. It may be linked to 

infectious diseases through common pathways that reduce immunity and increase inflammatory 

markers. Raised inflammatory markers are a common finding in patients with viral pneumonia [23]. 

Frailty has also been shown to be associated with poor post-vaccination immune response, 

increased rates of influenza-like illness and laboratory-confirmed influenza infection [24]. 

Although frailty was not formally assessed in the published COVID-19 studies, it is possible that it 

was an important factor that contributed to adverse outcomes. This is not surprising as the official 

estimates published by the Belgian, French, Irish and Italian governments estimates the 

proportion of deaths from Covid-19 among care home residents to be 42% to 54% [25]. It is also 

reported that there have been large numbers of deaths in care homes in Italy, Spain, the United 

Kingdom and the United States but official data for these countries is either incomplete or difficult 

to interpret [25].  

In a US long-term care facility report of 101 residents with COVID-19, the median age was 83 

years (range, 51 to 100), hospitalization rate was 54.5% and case fatality rate was 33.7%. Most 

(94.1% of 101) facility residents had chronic underlying health conditions, with hypertension 

(67.3%), cardiac disease (60.4%), renal disease (40.6%), diabetes mellitus (31.7%), pulmonary 

disease (31.7%), obesity (30.7%) and cancer (14.9%) being most common [26]. The results suggest 

that frail care home residents affected by COVID-19 are older than those reported from other 

community settings and also the number of comorbidities is higher. Interestingly, the majority of 

patients (68.3%) were female in contrast to the higher incidence of COVID-19 in males reported 
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elsewhere in community settings. This is likely reflecting the predominance of females in care 

homes due to their longer life expectancy.  

Table 1 International reported data on COVID-19 patients characteristics. 

Country Population Main findings 

China 

[21]  

1,590 

patients.  

A. Mean (SD) age was 48.9 (16.3) years 

B. 25.1% have≥1 comorbidity 

C. Prevalent comorbidities were hypertension (16.9%) and diabetes 

(8.2%) 

D. Mortality risk increased by comorbidity (HR 1.79, 95% CI 1.16 to 

2.77) for ≥1 comorbidity and 2.59 (1.61 to 4.17) for ≥2 comorbidities.  

Italy [17] 

 

1625 died 

patients  

A. Overall case fatality rate 7.2%, 52.3% were ≥80 years old. 

B. Analysis of subsample of 355 patients: 

1. Mean (SD) age 79.5 years (8.1). 

2. Mean (SD) number of comorbidities 2.7 (1.6). 

3. 99.2% of patients had ≥1 comorbidity. 

4. Comorbidities were diabetes mellitus (35.5%), ischaemic heart 

disease (30%), atrial fibrillation (24.5%), active cancer (20.3%), stroke 

(9.6%) and dementia (6.8%). 

5. Presence of comorbidities increased risk of mortality.  

UK [18] 20,133 

patients. 

A. Median age 73 years (IQR 58, 82). 

B. 77% had documented comorbidity. 

C. Common comorbidities were: cardiac disease (31%), uncomplicated 

diabetes (21%), non-asthmatic chronic respiratory disease (18%), and 

CKD (16%).  

D. Mortality rate 26%. 

E. Increased age and morbidity predicted mortality. 

USA [22] 5,700 

patients 

A. Median age, 63 years (IQR 52-75). 

B. Common comorbidities were hypertension (56.6%), obesity (41.7%) 

and diabetes (33.8%). 

C. Median score on the Charlson Comorbidity Index was 4 points (IQR 

2-6). 

C. Outcomes were assessed for 2,634 patients: 

1. ICU admission, 373 patients (14.2%). 

2. Mechanical ventilation, 320 (12.2%). 

3. Renal replacement therapy, 81 (3.2%). 

4. Mortality, 553 (21%). 

5.4 Synergistic Effect 

Ageing and frailty exert a negative effect on the immune system that leads to an increased risk 

of infection. The ageing immune system is characterized by a low grade and chronic systemic 

inflammatory state or “InflammAgeing” marked by elevated inflammatory markers such as IL- 6 
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and C-reactive protein and is associated with an increased susceptibility to infection [27]. It has 

been shown that the immune response in patients with COVID-19 is dysregulated and the SARS-

CoV-2 might mainly act on lymphocytes, (in particular T lymphocytes), induce a cytokine storm in 

the body, and generate a series of immune responses to damage the corresponding organs [28]. 

Therefore, immune dysregulation and prolonged inflammation, both of which are prevalent in 

frailty, may be the key drivers of poor clinical outcomes in patients with Covid-19. Comorbidity 

and frailty also often overlap and lead to impairment in functional status, quality of life and worse 

prognosis [29]. It has been shown that 82% of community dwelling older people who are frail also 

have comorbidities, 29% have disability in at least one activity of daily living and 93% have 

disability in at least one instrumental activity of daily living [30]. Therefore, ageing, comorbidity 

and frailty appear to overlap and exert a synergistic effect in older people that increases their 

vulnerability to infection and risk of adverse outcomes (Figure 1).  Also, frailty appears to predict 

the outcome of COVID-19 better than either age or comorbidity. In a recent multicentre European 

cohort study, frailty, assessed by clinical frailty score (CFS), proportionately predicted mortality. 

Compared with CFS 1–2, the adjusted hazard ratios for time from hospital admission to death 

were 1.55 (95% CI 1.00 to 2.41) for CFS 3–4, 1.83 (1.15 to 2.91) for CFS 5–6, and 2.39 (1·50 to 3·81) 

for CFS 7–9, and adjusted odds ratios for day-7 mortality were 1.22 (95% CI 0.63 to 2·38) for CFS 

3–4, 1.62 (0.81 to 3.26) for CFS 5–6, and 3.12 (1.56 to 6.24) for CFS 7–9 [31].  

 

Figure 1 Synergistic effect of aging, comorbidity and frailty reducing immunity and 

increasing the risk of COVID-19 infection and adverse outcomes. IHD=Ischaemic heart 

disease, CCF=Congestive cardiac failure, COPD=Chronic obstructive pulmonary disease, 

CKD=Chronic kidney disease. 
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6. Conclusions 

The global demographics are shifted towards older age. Ageing is associated with increased 

prevalence of comorbidity and frailty that increase the risk of infections due to dysregulation of 

the immune system. In addition to the recent COVID-19 pandemic, it has been previously shown 

that the mortality from influenza was higher in patients who had chronic obstructive pulmonary 

disease (OR 1.49, 95% CI 1.10 to 2.01), cardiovascular disease (2.92, 1.76 to 4.86) or hypertension 

(1.49, 1.10 to 2.10) compared to patients with no comorbidities [32]. Ageing, comorbidity and 

frailty are also associated with chronic inflammation that is shared with the features of infectious 

diseases [33]. It has also been shown that lymphocyte number and function are reduced in 

patients who have died from viral pneumonia compared to those who have survived suggesting 

that the levels of inflammatory factors in the deceased group were higher than those in the 

survival group [34].  

Both ageing and frailty are indicators of immunosuppression and are significantly associated 

with worse outcomes. Frail older people in long-term care facilities are vulnerable to respiratory 

disease outbreaks, including influenza and other human coronaviruses such as the common cold 

[35, 36]. Frailty has also been associated with poor post-vaccination immune response and an 

increased risk of influenza [37]. Frail nursing home residents admitted to hospital were found to be 

at an increased risk of viral pneumonia (relative risk {RR} 3.06, P = 0.01) compared to those 

admitted from the community [38]. Therefore, older people with COVID-19 are more likely to have 

underlying comorbidity and frailty which are detrimental to prognosis. These patients may die 

because of their underlying comorbid conditions. Thorough and systematic assessment of these 

patients is required from the outset as COVID-19 affects almost all organ systems. These patients 

require treatment of their pre-existing conditions in addition to the treatment of COVID-19 to 

reduce the risk of multi-organ failure. Decisions regarding escalation of treatment should include 

frailty assessment in addition to overall comorbid condition and function. Therefore, frailty score 

should be part of the initial assessment of patients [39].  

7. Future Perspectives 

So far, there is no specific antiviral agent for COVID-19. Research is currently on-going to 

develop effective treatment as well as protective vaccination. Due to impaired immunity in older 

people with comorbidity and frailty, these factors should be considered in risk assessment models 

in future clinical trials to ensure that the developed vaccines have a good immunogenic response 

in frail individuals. It appears that COVID-19 mortality is concentrated in older people. Aged 

population is currently concentrated in the wealthier developed countries, which are able to 

absorb the financial impact of the pandemic and limit its spread to other countries.  

With the global demographic shift towards old age, the sector of older people will 

exponentially expand, especially in low and middle income countries where heath care resources 

to face a future pandemic are limited and thus increases the risk of uncontrollable global spread. 

Therefore, WHO and governments around the world must consider this potential threat in health 

care planning. Reducing the frailty and comorbidity burden of the future ageing population will be 

a global necessity. Also, care home populations will increase and future review of policies and 
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regulations of these institutions will be required to avoid a future outbreak in these vulnerable 

settings.  

8. Key Points 

• COVID-19 pandemic is largely concentrated in older people with comorbidity and frailty.  

• Age, comorbidity and frailty are synergistic risk factors for COVID-19 adverse outcomes. 

• With the demographic shift toward old age, global health care planning is required to 

improve our resilience for potential future pandemics. 
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Abstract  

Hospitalists are at risk for vitamin D deficiency during their active years due to indoor 

working conditions and insufficient sunlight exposure. The impairment of bone mineral 

density (BMD) in this group has not been studied. A total of 50 male hospitalists aged ≥ 65 

years were enrolled. Their BMD was measured at the femoral neck (FN), lumbar spine (LS), 

and distal radius (DR), and their medical history and risk factors were assessed through a 

detailed questionnaire. The FRAX® (Fracture risk assessment tool) score was calculated for 

each participant. The mean age was 71 ±5.3 years. They worked as hospital physicians for a 

mean duration of 38.8 ±6.9 years. According to the BMD measurement, 15 (30%) had 

osteoporosis, and 29 (58%) had osteopenia. We also analyzed bone density excluding DR, 

since the clinical significance of low bone density of DR alone is debatable. In this analysis, 7 

doctors (14%) had osteoporosis, and 33 (66%) had osteopenia. According to AACE/ACE 2016 

guidelines, 48% of the participants would require specific treatment for fracture prevention. 
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However, using only FN and LS BMD, 40% would require treatment. Hospitalists were found 

to have a high prevalence of osteoporosis and osteopenia, and 40% required specific 

treatment according to international guidelines. 

Keywords  

Osteoporosis; osteopenia; bone mineral density; male physician; hospitalist 

 

1. Introduction 

Severe vitamin D deficiency in childhood is known to cause rickets; however, this is rare in the 

developed world, in contrast to mild to moderate vitamin D deficiency that frequently occurs 

across all age groups [1]. Vitamin D deficiency contributes to the development of osteoporosis and 

osteomalacia and is associated with an increased risk of bone fractures in the elderly, bone-

related pain, diabetes mellitus [2], cardiovascular disease [3], and an increase in cancer mortality 

[4], whereas vitamin D supplementation is associated with decreased total mortality rate [5]. 

Solar ultraviolet-B irradiation is the primary source of vitamin D for most people, while dietary 

sources are limited. Therefore, sunlight exposure is an important factor in serum 25(OH)D levels. 

Exposure varies seasonally, and certain populations are not exposed to sunlight due to limited 

mobility or traditional dress. In recent years, many large observational studies have found 

evidence of vitamin D deficiency, even in young and healthy subjects. Vitamin D inadequacy was 

reported in approximately 36% of otherwise healthy adults, in up to 57% of general medicine 

inpatients in the United States and even higher in Europe [1]. Even in sunny countries such as 

Israel, hypovitaminosis D is prevalent. In a study published in 2009, four consecutive 

measurements of vitamin D, were taken in outdoor and indoor Israeli workers, once per season. 

Among this working population, optimal vitamin D status (≥75 nmol/L) was achieved only in 

summer by males working either outdoors or indoors [6]. 

Hospitalists are at-risk for vitamin D deficiency due to long hours of indoor work with little sun 

exposure [7, 8].  

In a previous study performed in our institution [9], vitamin D levels of 51 young hospitalists 

were compared to those of young community-based physicians, at the end of winter, and the 

mean serum level of 25(OH)D among the hospital physicians was found to be significantly lower 

than that of community-based physicians.  

In a recent systematic review on vitamin D levels in different occupations [10], the overall mean 

serum 25(OH)D levels of all healthcare workers were 61.6 ±11.0 nmol/L (data from 19,083 study 

subjects from 35 studies). Among healthcare workers, medical residents and healthcare students 

had the lowest levels of circulating vitamin D (44.0 ±8.3 nmol/L and 45.2 ±5.5 nmol/L, respectively). 

Up to 95% of healthcare workers had vitamin D insufficiency. 

In our study, we examined hospital physicians and pensioners, a group at risk for low vitamin D 

levels in their younger years, to explore the possible effects of this deficiency on bone density 

after several years. Osteoporosis is more common in women than in men and has therefore been 

studied more extensively in women. However, osteoporosis in men is an important public health 

problem with associated morbidity and mortality at a significant level [11]. 
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2. Materials and Methods 

The study was conducted in the Shaare Zedek Medical Center (SZMC), a 1000-bed teaching 

hospital in Jerusalem. The study group consisted of male hospital physicians aged 65 and older, 

who were invited to participate through email and telephone.  

We excluded doctors who did not consistently work in a hospital during their careers, were 

currently receiving chronic steroid treatment, had malabsorption, chronic kidney disease with 

GFR<60, osteoarthritis, a current cancer diagnosis that involved endocrinological abnormalities or 

treatment that could affect bone density (including androgen-deprivation therapy), and doctors 

with known osteoporosis [12]. 

Osteopenia and osteoporosis were defined according to the World Health Organization (WHO) 

criteria [13].  

2.1 Protocol 

Each participant filled in a questionnaire detailing age, the field of medical specialty, number of 

years having worked as a hospital doctor, and status as a Holocaust survivor, as well as his medical 

history regarding the exclusion criteria and FRAX® (Fracture risk assessment tool) variables. 

For Bone Mineral Density (BMD) measurement, all participants were tested using the dual-

energy x-ray absorptiometry (DXA) device–a Hologic QDR Series X-Ray Bone Densitometer. The 

BMD was measured at the femoral neck (FN), lumbar spine (LS), and distal radius (DR). All subjects 

were tested by the same experienced technician, and the lumbar vertebrae were marked 

manually. 

FRAX® score was calculated for each participant using FRAX® ISRAEL data at the Sheffield 

University website [14]. It is a fracture risk assessment tool that has been developed by Sheffield 

University and estimates the 10-year probability of hip fracture and major osteoporotic fracture, in 

order to help health care professionals identify patients who need pharmacologic treatment. It is 

based on data collected from large observational studies and global population. The FRAX® score 

calculation includes age, gender, weight, height, clinical risk factors (previous fracture, parent hip 

fracture, current smoking, glucocorticoid use, rheumatoid arthritis, secondary osteoporosis, and 

alcohol use), and femoral neck BMD (g/cm2). The FRAX® score prediction accuracy has been 

validated in many independent studies [15]. 

The institutional review board of Shaare Zedek Medical Center provided approval for this study. 

Each participant signed an informed consent form. 

2.2 Statistical Methods 

Demographic and clinical characteristics were analyzed descriptively as numbers and 

percentages or means and standard deviations, as appropriate.  

To test the association between two categorical variables, the Chi-square test was applied. 

Pearson’s correlation coefficient was calculated to assess the correlation between two 

quantitative variables. A P-value of 5% or less was considered statistically significant.  

The SPSS 21.0 statistical software package (SPSS Inc., Chicago, IL, U.S.A.) was used to perform 

the statistical analysis. 
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3. Results 

Out of the 110 physicians invited to participate in the study, 8 (7%) were excluded according to 

the exclusion criteria, and 52 (46%) declined to participate. A total of 50 physicians were included 

in the final statistical analysis. Their characteristics are shown in Table 1. The mean age was 

71 ±5.3 years, and they worked as hospital physicians for 38.8 ±6.9 years. There were 15 (30%) 

who had osteoporosis at one of the sites measured, 29 (58%) had osteopenia, and 6 (12%) had 

normal bone density (Figure 1). We also analyzed bone density excluding DR, since the clinical 

significance of low bone density of DR alone is debatable (Figure 1). In this analysis, 7 doctors (14%) 

had osteoporosis, 33 (66%) had osteopenia, and 10 (20%) had normal bone density.  

Table 1 Participants’ characteristics (N = 50). 

Age (years, mean ±SD) 71 ±5.3  

Years as a hospital physician (years, mean ±SD) 38.8 ±6.9  

BMI (mean) 26.3  

 Medical History  
 

 Renal Failure 1 (2%) 

 Cancer (past) 3 (6%) 

 Smoker 2 (4%) 

 Holocaust survival 5 (10%( 

 Steroid treatment 

 (present or past) 

1 (2%) 

 Hyperthyroidism 2 (4%) 

 S/P Gastrectomy 2 (4%) 

 

Figure 1 Diagnosis by BMD. BMD: Bone Mineral Density; FN: Femoral Neck; LS: Lumbar 

Spine; DR: Distal Radius. 
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The FRAX® score was calculated for each participant, and we used AACE/ACE 2016 guidelines to 

define the participants who required specific therapy for fracture prevention, i.e., a participant 

who had osteoporosis at one of the sites or osteopenia with a high FRAX® score (Figure 2). This 

analysis showed that 48% of the participants would require specific pharmacologic treatment for 

fracture prevention. However, 40% would require treatment, using only FN and LS BMD. 

 

Figure 2 Required metabolic treatment by BMD result and/or FRAX score. BMD (–DR): 

Bone Mineral Density at Femoral Neck or Lumbar Spine; BMD (+DR): Bone Mineral 

Density at Femoral Neck or Lumbar Spine or Distal Radius. 

4. Discussion 

The prevalence of osteoporosis or osteopenia in hospital physicians over the age of 65, was 

found to be 30% and 58%, respectively. It might be explained, partly by vitamin D deficiency, 

which was observed in a similar population in a previous study. Another factor that can influence 

BMD in this population is the low level of physical activity due to heavy workload. 

The use of BMD as a screening test for men is debatable. Certain expert groups recommend 

screening for men aged 70 years and older [16, 17], or 65 and older [18], while others do not 

recommend screening [19, 20]. Although about 30% of the hip [21] and 33% of vertebral fractures 

occur in males [22], most men do not undergo BMD testing, and considerably less epidemiological 

data are available for men than women.  

There is no data on the presence of osteopenia and osteoporosis in the Israeli male population 

to directly compare the study results. The data on the prevalence of osteopenia or osteoporosis in 

men worldwide are limited. Most of the data are derived from the National Health and Nutritional 

Examination Survey (NHANES), which is published periodically and from the MrOS study. The 

NHANES survey in the US in 2005–2010 found osteoporosis in 5% of men at the ages 70–79 and 

osteopenia in 41.8%, using FN and LS BMD [23]. In our study, the prevalence of osteoporosis was 5% 

and of osteopenia 85% in the age group of 70–79 years (using FN and LS BMD). The prevalence of 

osteopenia in our study was higher than the earlier reported prevalence, while the mean age in 

our study was 71 and only 5 doctors were 80 years and older. The MrOS study [24] found 

osteoporosis in 3.3% of men older than 65 years, which was lower than in our study. The low bone 
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mass was defined as T score lower than –1.5, which was not in accordance with the WHO 

definition. These definitions were different than those used in our study, thus precluding 

comparison regarding the prevalence of osteopenia. Another study from Japan [25], on 144 men 

over 65 years who visited a dental clinic, found osteoporosis in 47 (33%) and osteopenia in 42 

(29%) men, but the BMD test was different from the current study. It was measured at the 

calcaneus by ultrasound densitometry, thus, making the comparison to the results in our study 

inarticulate. 

There is controversy regarding distal radius BMD. It can predict fractures in men [26, 27] and is 

rarely affected by osteoarthritis, as opposed to the spine and hip. Therefore, it may be a sensitive 

test for osteoporosis in men. Osteoporosis of DR alone was found in 15% of men aged 70 and 

older [28]. The Endocrine Society guidelines for osteoporosis in men suggested measuring DR DXA 

when the spine or hip BMD could not be interpreted, and for men with hyperparathyroidism or on 

anti-androgen therapy, but it was not recommended routinely [29]. The reason is that there is no 

scientific evidence showing that men with osteoporosis in the radius exclusively, respond to 

osteoporosis treatment. According to these guidelines, pharmacologic treatment is recommended 

for those had fragility fractures of the hip or vertebrae, a T score less than –2.5 in the spine, 

femoral neck, total hip, or a T score between –1 and –2.5 and a FRAX® ten year probability for any 

fracture ≥ 20% or 10-year risk of the hip fracture ≥ 3%. The AACE/ACE guidelines for the diagnosis 

and treatment of postmenopausal osteoporosis of 2016 [30] recommended pharmacologic 

treatment of patients with similar indications but included DR BMD. In the future, with more data, 

DR could be included in the guidelines for men. We analyzed our results with and without the DR 

BMD.  

Osteopenia was found in over 60% of our study participants, and more than 10% diagnosed 

with osteoporosis. This is alarming as due to the lack of routine screening in the male population, 

many elderly physicians with osteopenia or osteoporosis would not be diagnosed and treated to 

prevent osteoporotic fractures. 

There is a relative lack of epidemiological data and guidelines for osteoporosis screening in men 

as compared to women. The lifetime risk of osteoporotic fractures in men is estimated to be 

between 10% and 25%, depending on the population studied, with men experiencing it around ten 

years later than women. As life expectancy is increasing for men more than women, the 

prevalence of osteoporotic fractures in men is expected to increase, making them an interesting 

group to study. 

The prevalence of osteoporosis in Holocaust survivors is known to be significantly higher than 

that of the general population, due to nutritional deficits and lack of exercise and sunlight [31, 32]. 

There were five of the study participants who were Holocaust survivors. However, it is not 

possible to conclude the general population of Holocaust survivors because of the small number of 

Holocaust survivors in the study. 

Our study has several limitations. First, the assumption was made, based on previous studies, 

that young hospital-based doctors have a deficiency of vitamin D when compared to community-

based doctors [9], and suboptimal vitamin D levels generally [7, 8]. It is not known whether the 

specific doctors participating in this study had low vitamin D levels throughout their careers. It was 

decided not to measure current vitamin D levels at the time of the study, as they may be different 

from the earlier levels. Also, hypogonadism was one of the questions that were asked to calculate 

the FRAX® score, but the serum testosterone level was not examined in our study.  
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Another limitation of this study is the specific study population. It consisted of physicians, and 

some factors that affect the risk of osteoporosis viz., non-smoking, exercise, and diet, including 

calcium in this specific population may counteract the effects of lack of vitamin D.  

The third limitation is selection bias. The study had an approximately 50% response-rate; as the 

healthier and more mobile subjects were included due to self-selection. This selection, however, 

presumptively enhanced the relevance of our results. 

5. Conclusions 

In our trial, we examined BMD in male hospitalists over the age of 65. It seems that hospitalists 

have a high prevalence of osteoporosis and osteopenia. The data from this study may be useful for 

the decision of screening tests in this population, as well as designing larger confirmatory studies 

on the prevalence of osteopenia and osteoporosis in at-risk populations. 
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Abstract 

Postoperative pain has a negative influence on physical and mental recovery and may result 

in a variety of postoperative complications. Listening to recorded music has been revealed to 

reduce pain, but in addition to that, live bedside music further offers the possibility to 

interact with the patient, respond to their emotions, and help them in adapting their 

conditions. It, therefore, seems appropriate for older surgical patients. This study examines 

the effect of live bedside music on postoperative elderly patients. The study was designed as 

a prospective clinical pilot study with a control group. During six separate weeks, between 

September 2016 and May 2017, data were collected using convenience sampling among the 

postoperative patients aged ≥60 years (n = 35) accounting to 83 sessions. The intervention 

was live music, person-centred improvisation and existing repertoire, performed by 

professional musicians of a collaborating conservatoire for 10–15 min, one session a day on 

three surgical wards of a university hospital. The control group (n = 43; 80 sessions) did not 

receive the intervention. –The primary endpoint was pain, measured with a visual analog 

scale (VAS; score 0-10) before the intervention and after 30 minutes and 3 hours of the 

session. Secondary endpoints were hemodynamic parameters, oxygen saturation, and 

respiratory rate and anxiety. The Wilcoxon signed-rank test and Mann-Whitney U test were 
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performed to determine differences within and between groups. Perceived pain was 

decreased in the live bedside music group at the time of the first post-test and continued to 

be so for up to three hours (p = .004; p = .000). This decrease in pain was not observed in the 

control group. There was no clinically relevant effect on secondary endpoints. Live bedside 

music, performed by professional musicians, has a positive effect on the perceived pain of 

elderly patients after surgery. Further research on the underlying mechanisms as well as 

possible clinical implications is required. 

Keywords  

Elderly; live bedside music; surgery; pain; hospital ward 

 

1. Introduction 

In modern medicine, despite the introduction of new standards and guidelines, up to 40% of 

patients experience moderate or severe pain after surgery [1]. Inadequate pain management 

adversely influences physical and psychological factors, which may lead to severe complications, 

such as delirium, pneumonia, anxiety, stress, and delayed wound healing [2, 3]. Elderly patients 

experiencing pain can be given less pain medications compared with younger patients. Moreover, 

the elderly are more likely to experience medication-related side effects [4-6]. This is relevant 

considering that the current prevalence of polypharmacy in the elderly is 40 to 60% [7]. It is 

pertinent to explore the effect of non-pharmaceutical interventions, which can be provided to a 

group of potentially vulnerable elderly surgical patients. Some recently conducted studies 

indicated that recorded music is effective in reducing postoperative pain in elderly patients [8-17]. 

Music has, to the best of our knowledge, no toxic side effects and therefore seems an attractive 

intervention for elderly patients who are more prone to develop complications due to their 

changed physiology and increased vulnerability [18]. Compared to recorded music, live bedside 

music has the advantage of the possibility to interact with the patient, respond to emotions and 

adapt to the patient’s situation. However, the effect of live bedside music on elderly patients is 

unknown; therefore, this prospective clinical pilot study with a control group was carried out to 

investigate the effect of live bedside music on pain in elderly patients after surgery. 

2. Materials and Methods 

The present pilot study was conducted as a part of the Meaningful Music in Health Care project 

(MiMiC) between September 2016 and May 2017 at the University Medical Center Groningen, the 

Netherlands, in collaboration with the Prince Claus Conservatoire of Groningen, Netherlands. As 

per the knowledge of the authors, University Medical Center Groningen is probably the first 

hospital to collaborate with a conservatoire and combine these two worlds for the benefit of 

patients. Alteration in the pain perception was the primary endpoint of the present study and 

measured using a visual analog scale (VAS) after the live bedside music session. Secondary 

outcomes that were taken into consideration were hemodynamic parameters, oxygen saturation 

(SpO2), respiratory rate, and anxiety.  
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2.1 Participants and Setting 

Patients admitted to one of the three surgical wards University Medical Center Groningen, the 

Netherlands took part in the study. No sample size was formally calculated since convenience 

sampling was done, maintaining the design of the intervention and availability of the musicians. 

The inclusion criteria were patients were aged 60 years or older and had undergone surgery 

during this hospital admission. The exclusion criteria were patients with total deafness (perception 

deafness), the inability to communicate or the unwillingness or inability to provide written 

informed consent and those. 

2.2 Music Intervention Procedure 

The pilot study was carried out in six separate weeks, where live bedside music was performed 

by one to three professional musicians consisting of a clarinettist, flutist, violinist, contrabassist, 

and cellist (for changing composition). These performing musicians with comprehensive 

experience were all associated with the conservatoire. 

The intervention was planned according to a fixed structure where it was performed once daily 

in the morning between 11.00 a.m. to 12.15 p.m. The intervention was carried out for six or seven 

consecutive days, one ward at a time following the fixed structure. Each ward was allowed to 

participate for two separate weeks, and each day started with a joint session comprising of the 

musicians, a mediator, the coordinating nurse of the ward, and the researchers. During this 

session, patients who were present and able to participate were discussed, and the response of 

the previous day was evaluated. The mediator was responsible for the time schedule and served 

as an intermediary between the musicians, patients, and healthcare professionals. After the joint 

session, one of the musicians walked the hallway and played an improvisation to notify the 

patients that the musicians were present. The patients were visited at their bedside after the 

walk-around. The music consisted of genre-based improvisation, idiomatic improvisation, the 

repertoire of the musicians and person-centred improvisation. For person-centred improvisation, 

the musician asked for input from the patient in the form of a landscape, feeling or colour. Using 

improvisation, musicians created meaningful communication with the patient and involved the 

patient in the process of composing music. The music sessions took place in single, double, and 

quadruple rooms. The doors of individual rooms were closed and the sound for other patients 

outside the room was blocked. Each session lasted approximately 10 to 15 minutes. One or two 

pieces were played, depending on the patient’s wishes or condition. The musicians performed for 

approximately 75 min each day, and afterward, there was a brief evaluation in which the 

experiences were discussed. The participation of patients was allowed until the availability of the 

musicians in the ward. 

2.3 Data Collection 

Patients were informed on the day of admission, prior to surgery or as soon as possible, by two 

trained research assistants. Data on the patient characteristics (age, gender, nationality) and 

clinical condition were obtained from the patients, which included the date and surgical category, 

comorbidity using the Charlson Comorbidity Index (CCI), and the patients were further classified 

according to the American Society of Anesthesiologists (ASA). The degree of pain was measured 30 
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to 60 min before each intervention (pre-test), and 30 min after the live bedside music session 

(post-test) and again after three hours (follow-up test).  

To correct for natural changes in pain sensation over time, a control group was formed. The 

same research assistants collected data in the control group in which no live music was played. 

The data in the control group were collected during six separate weeks for five consecutive days 

when the musicians were absent. The same inclusion and exclusion criteria and sampling method 

were used in the control group. 

2.4 Instruments 

Pain was defined as ‘an unpleasant sensory and emotional experience associated with actual or 

potential tissue damage or described in terms of such damage’ [19] and measured using the VAS 

[20]. The VAS is also employed to measure various subjective clinical phenomena. The patient 

verbally rates his/her pain on a 10-cm horizontal line. The starting point (0 cm) represents no pain, 

while the other end (10 cm) represents the unendurable pain. VAS scores are directly proportional 

to the degree of pain. Hemodynamic parameters and oxygen saturation were kept as secondary 

outcomes and were measured using a non-invasive bedside monitor (Philips SureSigns VS2). The 

respiratory rate was computed for one minute. The VAS was also used to measure the degree of 

anxiety, and it is also directly proportional to the scores [14]. 

2.5 Statistical Analysis 

Statistical analyses are presented using the median (range) and number (%). Data were checked 

for normal distribution using Q-Q plots and the Shapiro-Wilk test. The independent samples t-test 

was used to examine the differences in numerical data between the control and live bedside music 

groups. The chi-squared test was used for the categorical data. Further, if data were normally 

distributed, the paired samples t-test was used for the within-group analyses; if not, the Wilcoxon 

signed-rank test was used. To analyze the difference between the groups, the Mann-Whitney U 

test was used.  

All statistical analyses were performed using IBM SPSS Statistics version 23 (IBM Corporation, 

Armonk, NY). The data were considered statistically significant when P-values < 0.05 (two-sided). 

2.6 Ethical Considerations 

The medical ethics board concluded that this study did not fall within the scope of the Dutch 

law of Medical Research Involving Human Subjects Act and provided dispensation for further 

assessment. The study was registered on the national Netherlands Trial Register (trial ID: 

NTR6046). Commonly used ethical principles in clinical trials were followed. All participating 

patients in the study signed the written informed consent according to local regulations, and the 

data collection was done following the Declaration of Helsinki. Participation in the test was solely 

entitled to make individual decisions about the number of days they wanted to participate, and 

also, they were allowed to withdraw from the study at any time without consequences for their 

care.  
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3. Results 

Characteristics of the patients and the clinical data of both the control group and intervention 

groups are detailed in Table 1. The live bedside music group consisted of 43 patients, whereas the 

control group comprised 35 patients. The median age group of the study population was 70 years, 

and approximately 60% of the participants were male. Over 50% of the patients underwent 

intracavitary surgery. The median time of the first participation in the intervention group was two 

days postoperatively (range 1–36) compared to three days in the control group (range 1–15). Most 

of the patients participated for once or twice in the control group (79.1%) or the intervention 

group (65.7%). No significant differences were found in patients and their clinical characteristic 

data between both the groups. Approximately 40% of the patients declined to participate in 

research or were not able to participate due to their medical conditions. 

Table 1 Patient characteristics and clinical data. 

Presented as median (range) or number (%). A p-value of < 0.05 was considered significant. 

x Independent samples T-Test 

y Chi-square Test 

z Mann Whitney U test 

 

Variables Control group  
(n = 43) 

Live bedside music group 
(n = 35) 

p- value 

Age 70 (60–86) 70 (60–88) .786x 

Gender 
 Male 

 Female 

 
26 (60.5%) 
17 (39.5%) 

 
20 (57.%) 

15 (42.9%) 

.820 y 
 
 

CCI 3 (0–10) 4 (0–9) .104z 

Location of surgery 
Intracavitair 

Extremity 
Head-neck area 

 
23 (53.5%) 
17 (39.5%) 

3 (7%) 

 
19 (54.3%) 
10 (28.6%) 
6 (17.1%) 

.301 y 

ASA - classification 2 (1–4) 2 (1–3) .245 y 

Days POD of first 
measurement 

3 (1–15) 2 (1–36) .530 z 

Number of 
participated/measured 
session  

1  
2 
3 
4 
5 
6 
7 

2 (1–5) 
 

20 (46.5%) 
14 (32.6%) 
5 (11.6%) 

3 (7%) 
1 (2.3%) 

n.a. 
n.a. 

2 (1–7) 
 

17 (48.6%) 
6 (17.1%) 
4 (11.4%0 
2 (5.7%) 

5 (11.4%) 
- 

2 (5.7%) 

.502 z 
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3.1 Pain  

The low pain scores measured on the VAS resulted in positively skewed distributed data and 

median scores of zero for the live bedside music group (see Table 2). For the sake of illustration, 

we presented the means of the pain scores of both groups instead of medians in Figure 1a. The p-

values are based on non-parametric testing. Statistical analysis revealed that a significant 

diminution was noted between the pre-test and post-test score (Z = –2.916; p = .004) in the live 

bedside music group that continued up to the follow-up test (Z = –4.200; p = .000). The control 

group revealed a minimal, non-significant (Z = –0.492; p = .623) change in pain scores in the post-

test, and the follow-up test scores did not differ significantly (Z = –0.712; p = .476) when compared 

to the pre-test. No differences were observed in the baseline pain scores between the groups (p 

= .525). However, it was evident from the analysis that differences were revealed in the post-test 

(U = 2518.0; p = .014) and follow-up test (U = 2119.5; p = .005), indicating live bedside group 

perceived less pain at the post-test and follow-up test compared to the control group. Additional 

analysis of patients, who underwent major surgery (intracavitair) showed a significant decrease of 

pain scores on post-test (Z = -2.663; p = .008) and follow-up (Z = -3.531; p = .000) in the 

intervention group. Patients with minor surgery (head-neck area & extremity) also showed a 

decline in pain scores, which was only significant at the follow-up test (Z = -2.272; p = .023). A 

comparison between major and minor surgery showed no significant difference. 

Table 2 Comparison of results in- and between the groups per outcome. 

 Variables  Control group 
(median-range) 

n Live bedside Music 
group (median-
range) 

n p- 
value 

Primary  Pain  Pre- test 0,40 (0–8,40) 80 0,00 (0,00–10,00)  83 .525 
outcome (VAS: 0–10) Post- test 0,15 (0–8,00) 78 0,00 (0,00–10,00) 1 81 .014* 
  Follow-up 

test 
0,00 (0–8,00) 73 0,00 (0,00–04,00) 1 75 .005* 

        
Secondary  Heart rate Pre- test 79,50 (46–133) 80  80,00 (47–126) 80 0,085 
outcomes (bpm) Post- test 76,50 (45–131) 78 79,00 (45–113) 1 78 0,126 
  Follow-up 

test 
80,00 (50–131) 73 78,00 (50–111) 2 73 0,8 

        
 Respiratory 

rate 
Pre- test 16,00 (12–24) 80 18,00 (12–28) 80 0,03* 

 (n per minute) Post- test 16,00 (12–24) 77 18,00 (11–30) 77 0,027* 
  Follow-up 

test 
16,00 (12–24) 73 18,00 (10–28) 73 0,022* 

        
 Saturation Pre- test 96,00 (78–100) 78 97,00 (92–100) 78 0.010* 
 (%) Post- test 97,00 (81–100) 77 98,00 (87–100) 77 0,051 
  Follow-up 

test 
97,00 (87–100) 72 98,00 (89–100)  72 0,001* 



OBM Geriatrics 2020; 4(3), doi:10.21926/obm.geriatr.2003125 

 

Page 113/119 

* sign. >p,005 

1. significance difference within the group between pre-test and post-test measurement 

2. significance difference within the group between pre-test and follow-up test measurement 

 

Figure 1 The dark gray line represents the control group and the light gray line the live 

bedside music group. a: Mean pain mean scores, measured on a visual analog scale; b: 

Mean anxiety scores, measured on a visual analog scale; c: Heart rate (bpm, mean 

values).  

        
 Systolic  Pre- test 132,00 (83–200) 80 124,00 (95–167) 80 0,038* 
 blood pressure  Post- test 134,00 (84–192)  78 125,00 (76–182) 78 0,01* 
 (mmHG) Follow-up 

test 
136,00 (64–172) 73 122,00 (90–180) 73 0,017* 

        
 Diastolic  Pre- test 69,00 (42–108) 80 62,50 (28–104) 80 ,002* 
 blood pressure Post- test 68,00 (39–101) 78 63,00 (36–116) 78 ,004* 
 (mmHg) Follow-up 

test 
67,00 (42–95) 2 73 61,00 (29–97) 73 0,013* 

        
 Mean arterial  Pre- test 84,00 (51–148) 78 76,00 (48–112) 78 0,001* 
 blood pressure Post- test 86,00 (55–136) 78 78,00 (54–119) 78 0,003* 
 (mmHg) Follow-up 

test 
84,00 (55–136 2 73 74,00 (45–120)2 73 0,003* 

        
 Anxiety  Pre- test 0,00 (0,00–10,00)  78 0,00 (0,00–10,00) 78 0,659 
 (VAS: 0–10) Post- test 0,00 (0,00–7,00) 1 78 0,00 (0,00–2,70) 1 78 0,734 
  Follow-up 

test 
0,00 (0,00–8,00) 2 73 0,00 (0,00–2,20) 2 73 0,895 
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3.2 Hemodynamic Parameters  

3.2.1 Heart Rate 

The results exhibited that the heart rate was significantly reduced in the post-test (Z = –2.759; p 

= .006) and remained lower at the follow-up test in the live bedside music group (t = 2.757; df = 74; 

p = .007). Although non-significant, a change was noted in the control group during the post-test 

measurement. It was observed that the heart rate increased after three hours, exceeding the pre-

test (Figure 1b). No significant statistical difference was observed when analyzed by the Mann-

Whitney U test between the groups at the three test points. 

3.2.2 Blood Pressure 

Overall, patients in the control group had higher blood pressure, resulting in a significant 

difference at pre-test. In both groups, values exhibited a small increase at post-test and a decrease 

3 hours later at the follow-up test. In the live bedside music group, these changes were not 

significant. In the control group, these changes were for the diastolic blood pressure (t = 3.132; df 

= 72; p = .003) and for the MAP (Z = -2.830; p = .005). 

3.3 Oxygen Saturation (SpO2) and Respiratory Rate  

There was a significantly higher level of SpO2 at pre-test in the live bedside music group (Z = –

2.560; p = .010). In this group, SpO2 rose from a mean level of 97.05 (SD 2.33) to 97.35 (SD 2.47) at 

post-test and 97.53 (SD 2.35) at follow-up, but not significantly. In the control group, SpO2 rose at 

post-test from a mean level of 95.47 (SD 5.47) to 96.44 (SD 3.18), but decreased slightly at follow-

up (m 96.32; SD 2.58). 

The respiratory rate was higher (18 breaths per minute) among patients in the live bedside 

music group compared to the control group (16 times per minute). We found no differences 

within the groups. 

3.4 Anxiety  

In both groups, the median VAS score was zero at all test points, and no significant differences 

were found between the groups. A decrease in anxiety was noted between the pre-test and post-

test or the follow-up test in both groups, as illustrated in Figure 1c. Furthermore, the level of 

anxiety range in the live bedside group as computed by VAS decreased considerably from 0–10 at 

the pre-test to 0–2.7 at the post-test, 0–2.2 at the follow-up. 

4. Discussion 

Findings from the present investigation gathered evidence to demonstrate that live music 

creates a positive environment and has a positive effect on the postoperative pain in the geriatric 

patients that lasts for at least three hours. The same effects were not found in the control group. 

To our best knowledge, no previous study has examined the effect of live music on pain, 

specifically in the elderly surgical population. This study also distinguishes itself by the fact that a 

prolonged decrease in pain perception, up to three hours after intervention, was found, despite 
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the low pain scores at baseline in both groups. The pain scores were reduced by 0.59 at post-test 

and 0.73 at follow-up; this is marginally greater than the results described in two meta-analyses 

evaluating recorded music interventions postoperatively with a standardized mean difference of 

0.53/0.71 [21, 22].  

In the present study, we used a VAS to measure pain, which is a commonly used instrument for 

this purpose in studies with similarly aged populations with recorded music [8, 10, 12, 14, 15, 17], 

However, it remains unclear whether these findings reflect a reduction in pain medication. Some 

of the earlier studies with recorded music yielded conflicting results in the reduction of pain 

medication [8, 12, 13, 23]. It is difficult to generalize the data due to the heterogeneity of our 

study population. Hence, the evidence-based effect of live music on drug use among the geriatric 

surgical population is still obscure. Further research is needed to establish the influence of live 

bedside music on pain, which is more pronounced in patients undergoing major surgery. The 

underlying mechanistic pathway also deserves further insight. Furthermore, it is necessary to 

understand and compare the effect of live music with recorded music to determine clinical 

implications and draw definite conclusions. The results from the present investigation indicate 

that live bedside music can be potentially used in pain management.  

Although, due to the distribution of the data, the median score for anxiety was zero, there was 

a notable decrease in the range of the live bedside group, which was not present in the control 

group. This concords with previously conducted studies on elderly surgical patients with recorded 

music that found a positive effect on anxiety [8, 12, 14, 17]. This is relevant because psychological 

aspects such as anxiety can affect the postoperative pain of an older surgical patient and adversely 

affect a patient’s recovery [24, 25].  

Based on our data, music has some effect on psychological parameters, although its clinical 

relevance is debatable. Non-parametric analyses of the heart rate revealed a significant decrease 

between pre- and post-test values and pre- and follow-up test values, which was not found in 

studies with recorded music [10, 12-15, 26, 27]. It can be presumed that live music affects the 

autonomic nervous system. It is a well-acknowledged fact that the heart rate is regulated by the 

autonomic nervous system, where the parasympathetic nervous system pacifies the body after 

the action of the sympathetic nervous system. Heart rate increases when the sympathetic nervous 

system is activated as a response toward harmful stimuli like pain or surgery, and responses are 

monitored by calculating heart rate variability (HRV), which is the time difference between 

consecutive heartbeats [28]. Earlier studies [29, 30] revealed that live music not only enhances 

parasympathetic activity but also causes a reduction in sympathetic activity as measured by HRV. 

The influence of live music on HRV in elderly patients after surgery, to our best knowledge, has not 

been measured and should be further explored to gain insight into the mechanism behind the 

effect of live music.  

This study was performed with live music and conducted among a broad range of elderly 

patients undergoing various types of major and complex surgery. The data were collected in both 

groups by the same professionals, any Hawthorne effect cannot be completely ruled out due to 

the nature of the intervention and focus on experienced pain of patients. The limited availability of 

the musicians restricted the inclusion of patients who were admitted at the same time. However, 

baseline characteristics between the live bedside music group and the control group did not differ.  

In the Netherlands, music therapy is not common care in hospital wards, and certainly not in 

surgical wards. In a previously conducted review on the effect of live music in older patients, no 
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specific studies using live music therapy in surgical patients were found [18]. The intervention in 

our study was performed by professional musicians and must not be confused with music therapy, 

in which selected music-based interventions are applied using both music and the therapist-

patient relationship as agents of change, or with ‘music medicine’, an intervention in which music 

is delivered by healthcare professionals [31]. In the analysis of pain perception, the effects of 

musical characteristics like volume, beats per minute, patient’s choice of music, and various types 

of improvisations, were not taken in to account. Some studies among young adults have shown 

that personal preference and type of music played can be associated with the effect of music on 

pain perception [32, 33]. However, a meta-analysis by Hole and colleagues (2015) found a positive 

but non-significant effect of the music choice on reduction in pain [21]. Further research should be 

done keeping these variables into account. 

The study demonstrates the applicability of live bedside music is an attractive and likely 

achievable option, which may create a new dimension in the working environment for 

professional musicians. The advantage of this intervention is that live music is multi-faceted and 

can be designed in various ways, which could be further explored. A larger-scale implementation 

and formal feasibility study can potentially bring out obstructing economic factors as attitudes of 

patients and healthcare professionals toward this innovative practice. Nevertheless, the results of 

this study indicate that live music influences pain perception in geriatric surgical patients in a 

positive way with no side effects. 

5. Conclusion 

Live bedside music, performed by professional musicians, has a positive effect on the perceived 

pain of elderly patients after surgery compared with patients who did not receive the intervention. 

Further research on the clinical implications, such as reduced pain medication usage, and the 

mechanism behind decreased pain must be conducted. 
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