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Executive Summary 

Falls are the leading cause of injury in Alberta and across Canada, accounting for over 55% of 

injury-related hospitalizations. Fall-related injuries that include partial and permanent disability 

can interrupt work, family life, and quality of life. In 2010, the cost of falls in Alberta totaled 1.154 

billion which represents the highest per capita cost to residents of any injury while additionally 

placing a tremendous strain on the health care system, draining human and financial resources. 

In Alberta, all age crude rate data (per 100,000) indicates that there has respectively been a 17% 

and 30% increase in the number of males and females seeking urgent care, for fall-related 

injuries, in the ten years between 2008 and 2018.  

Historically, there has been a focus to mitigate fall risk among older adults, aged 65+. Although 

older adults do fall more than any other age group, the number of middle-aged adults, aged 45-

64 seeking urgent care for a fall-related injury is staggering. According to AHS Dashboard data, 

almost 40,000 middle-aged adults sought emergency treatment for a fall-related injury, in 2018, 

with 1782 men and 2051 women hospitalized. Hospitalization rates due to falls were surpassed 

only by older adults. Given data highlighting increased risk resulting from physical deterioration 

beginning around age 45, particularly in women, a focus on fall prevention among middle-aged 

adults is critical to reducing falls and related injuries.  

There are approximately four hundred different biological, behavioural, environmental, and socio-

economic factors that can act to increase one’s risk of a fall, making this a complex and dynamic 

issue. According to research, the majority of falls in this age group occur outside the home, often 

as a result of slipping on ice, at work (for men), or while participating in sports. Sex-related 

differences also exist. Women fall twice as often as men, across their life course, and suffer 

increased physical decline early in middle-age. Middle-age men are more likely to sustain a 

serious injury as many of these falls occur at work or while participating in sports. Physical decline, 

associated with aging, plays an increased role in the frequency and severity of injuries from falls. 

There are a few primary risk factors associated with the majority of middle-aged adult falls. The 

first primary risk factor is a prior fall followed by physical decline that includes weak lower limb 

muscle strength (LMS), poor balance, gait, and mobility, and fear of falling. Fear, arising from a 
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prior fall, reinforces inactivity which leads to further physical decline and added risk of another 

fall. Efforts to prevent an initial fall is thus key.   

As physical decline is a primary fall risk factor, physical activity is essential to reducing fall risk 

and associated bone fractures. Only 12% of adults meet the minimum daily physical activity 

guidelines. Sedentary behaviour is associated with low muscle strength, poor balance, gait, and 

mobility; all of which place one at an increased risk for a fall. Strength, aerobic, balance and 

coordination training reduce fall risk and the severity of fall-related injuries including fractures.  

Awareness, knowledge, and information supports the adoption of physical activity by offering 

strategies for success, and improved self-efficacy and attitudes. Physical literacy supports 

physical activity, thus improving balance, lower muscle strength, mobility, and gait and will support 

lifelong habits that reduce disability and illness in the senior years. 

In efforts to mitigate primary risk factors, and to reduce socioecological barriers, that influence 

risk, the following recommendations have been advanced. 

• Offer tailored messaging, by sex and age that is clear, easy to understand, culturally 

humble, appealing to various user groups and that offsets socio-ecological barriers, to 

raise awareness and provide strategies to mitigate fall risk.  

• Offer “how-to” information to improve lower limb muscle strength, balance, gait, and 

mobility via participation in strength/resistance training, balance and coordination, and 

aerobic activities; “how-to” strategies to improve and maintain bone density through 

resistance training and diet. 

• Provide technical information to support safe and effective indoor/outdoor exercise 

regiments to support self-mastery and build self-efficacy and tips for appropriate gear and 

footwear. 

• Offer different activity options that are engaging, cost-effective, and conveniently located. 

• Provide tips on how to be safe in snow and ice and offer technical information to target 

gait and balance domains to decrease slips on ice along with information on appropriate 

footwear. 

• Offer simple screening tools, for individual or health provider use, to support awareness. 

• Advance multi-sectoral initiatives and stakeholder collaboration to reduce barriers and to 

increase efficiency and effectiveness.  
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Abstract 

For this report a literature review and analysis of quantitative data from the Alberta 

Health Services (AHS) Dashboard has been examined to (1) identify predominant fall risk 

factor(s), for individuals aged 45-64 (middle-aged) and to (2) identify the location of where 

falls and fall-related injuries tend to occur in this population. Further, information obtained 

from this review will be used to guide intervention-based strategies, including best-

practices, to support fall prevention and to reduce the severity of injury, when falls do 

occur. 

This review will examine fall risks using a 

holistic framework, thus recognizing the influence of 

physical, behavioural, environmental, social, and 

economic barriers. Recommendations made in this 

report will aim to offset commonly identified 

challenges to ensure that interventions are 

accessible and tailored to support their successful 

adoption within the target population. 

Methodology 

A literature review was performed taking sources from the University of Waterloo 

library, CINAHL, PubMed, and Grey Literature to identify predominant fall risk factors, to 

identify common fall locations, and to guide evidence-informed best practices. 

Additionally, relevant references from articles and reports identified in the literature review 

were used for the same purpose. AHS Dashboard data was also analyzed providing 

additional content and insight. For details on search processes used for this literature 

review see Appendix A. 

To advance evidence-
informed, intervention-
based strategies to 
support fall prevention 
and to reduce the 
severity of injury, when 
falls do occur among 
middle-aged adults. 
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1.0 Introduction 

1.1 Scope 

As of 2010, falls continue as the leading cause of injury, including permanent and 

partial disability and are responsible for more than half—55.4%, of all injury related 

hospitalizations in Canada (SMARTRISK, 2015). Injuries due to falls can interrupt work 

and family life while placing tremendous financial strain on an already overburdened 

health care system (Talbot, 2005) (Muehlbauer, 2015). In 2010, falls were responsible for 

the highest level of injury costs accounting for 31% of these total costs, in Canada. 

Accordingly, direct costs were estimated to be $6.652 billion and indirect costs estimated 

at $2,029 billion for an overall total of $8.7 billion (SMARTRISK, 2015). See Figure 1. This 

total cost value represents a 35% increase between 2004 and 2010 (SMARTRISK, 2009) 

(SMARTRISK, 2015). In Alberta, the total cost associated with falls and related injuries 

was $1.154 billion, in 2010, representing the highest per capita cost to its residents of any 

injury type (SMARTRISK, 2015). 

To date, the majority of research and applied strategies to reduce falls and related 

injuries have been centered on older adult populations (Harmon, 2019) and, to a lesser 

degree, on child populations. According to AHS Dashboard data, children aged 0 to 19 

and older adult populations’ frequent Alberta’s emergency rooms and urgent care centers 

more often than any other age cohort for fall-related injuries. However, the frequency at 

which middle-aged populations seek out emergency unit care is not insignificant and 

places a substantial strain onto the health care system. In 2018, almost 40,000 

emergency or urgent care center visits were made by Alberta’s middle-aged population, 

aged 40-64 seeking fall-related injury treatment. Moreover, fall-related hospitalization 

rates for Alberta’s middle-aged population was surpassed only by older adults, with 1782 

men and 2051 women, aged 45-64, being hospitalized for a fall related injuries. See 

Figure 2. This reality highlights an important need to pay increased attention to falls and 
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related injuries across the lifespan. Further, it is argued that fall injury prevention 

beginning at age 45 will see positive outcomes over the remainder of one’s life course, 

improving activity levels and reducing associated disability and illness in older adults 

(Ontario Injury Prevention Resource Centre, 2009) (Jones, et al., 2018). As noted on the 

Fit for Life Website, people who are active across the life course tend to live longer and 

enjoy increased independence as they age (Be Fit for Life, 2015). Additionally, turning 

attention toward reducing falls among middle-aged populations, will not only support 

current and future improvements in quality of life but will work to reduce economic costs 

associated with fall-related injuries. Accordingly, more research to support the 

development of targeted interventions along with screening tools will prove helpful in 

mitigating against fall risks associated with middle-aged adults (Harmon, 2019). 

 

Figure 1: Direct and Indirect Costs by Cause, Canada, 2010 

 

Parachute. (2015) The Cost of Injury in Canada. Parachute: Toronto, ON 
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Figure 2: Count of Hospital Alberta Hospital Admissions for Fall-Related Injuries by Age 

Groups, Sex, 2018 

 

1.2 Population Demographics 

Older adults are the least physically active cohort in Canada, leaving them 

increasingly prone to illness and disability. (Jones et al., 2018). It is expected that by the 

year 2031, 25% of the Canadian population will be 65 years of age or older (Jones et al., 

2018). Although Alberta has one of the youngest populations in Canada, Government of 

Alberta census data predicts that the percentage of older adults will increase from 13% 

to 19%, between 2018 and 2046 (Government of Alberta Treasury and Finance, 2019). 

According to this same report, the average age is also expected to rise from 38.0 years 

to 41.2 and become increasingly more diverse, with new immigrants making up 47%, of 

the population by 2046. Additionally, Alberta older adults will make up a larger percentage 

of the total demographic than will children by 2034. Refer to Appendix B to see projected 
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age-related demographic changes. Given these changes, we can anticipate that the 

overall number of middle-aged and older-aged adults seeking treatment for falls and 

related injuries will continue to increase. Moreover, an increasingly diverse population will 

require interventions that are accessible and that offset cultural, economic, and 

behavioural challenges associated with newcomer and immigrant status. 

2.0 AHS Dashboard Data 

2.1 Emergency Room and Urgent Care Visits 

Based on all age crude rate data (per 100,000), visits to Alberta’s emergency 

departments and urgent care centers for fall-related injuries, between 2008 and 2018, 

have respectively increased 17% and 30% for males and females. During this ten-year 

time frame, the rate of fall-related injury visits increased year-over-year, from 2008-2013, 

except for a one-year decrease in fall-related visits for females in 2010. Fall rates 

decreased, year-over-year, for males, in 2014, 2015, and 2016, and for females, in 2014 

and 2015, and have respectively spiked since for both populations. See Appendix C, D, 

and E. 

In comparing age-specific, 5-year, aggregate data for hospitalization admissions 

due to fall-related injury, increases for males and females were observed in 2017 with 

double-digit increases for each of the 5-year age bands, running from 45-59, for men, and 

45-64, for women. Rates continued to climb in three of the four male, 5-year age bands, 

and half of the four female, 5-year age bands. See Figure 3 below. Efforts to identify 

factors that have led to these increases and decreases are essential to improving 

outcomes into the future. Fall-related injuries are lowest among those aged 30-39 and 

then subsequently increase steadily across the life course. This highlights an important 

need to begin screening and prevention-based interventions among middle-aged adults 

(Peeters, van Schoor, Cooper, Tooth, & Kenny, 2018). 
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Figure 3: One Year Crude Rate Comparisons (per 100,000) of Hospital Admissions for 

Fall-related Injuries, Province of Alberta by Sex 

Counts 

 Age 

2016 2017  2018 

Men Women All Men  % ∆ Women % All Men % ∆ Women % ∆ All 

44-49 180

.9 

193.4 186.

9 

204.

6 

+13.1 168 +13.1 186.

9 

207.

0 

+1.2 191.3 +13.9 199.

4 

50-54 232

.5 

288.2 259.

4 

273.

1 

+17.5 334.4 +16.0 302.

7 

273.

1 

0.0 319.1 -4.6 295.

3 

55-59 288

.6 

388.6 337.

2 

325.

0 

+12.6 430.9 +10.9 376.

7 

340.

4 

+4.7 453.8 +5.3 395.

8 

60-64 417

.8 

530.3 473.

1 

407.

2 

-2.5 594.6 +12.1 499.

3 

420.

5 

+3.3 537.6 -9.6 478.

1 

Since 2008, the number of visits to emergency departments and urgent care 

centers, per 100,000, aged 45-64, has increased from 2,333.8 in 2008 to 2,998.55. This 

represents an increase of 664.7 or 28.5% in the number of patients seeking treatment for 

fall-related injuries over ten years. Substantial increases have been seen for both men 

and women. However, 5-year age bands and sex specific rate increases have been 

higher among women. The lowest rate of increase, at 13.7%, was observed in men, aged 

45-49. Increases for the remaining five-year aggregate age groupings, for men, ranged 

from 28.3 to 29.8%. For women, the lowest increase in fall-related injury emergency room 

and urgent care center visits was seen in those aged 60-64 sitting at a 24.3% increase. 

The remaining three increases ranged from 31.6-36.6. See Figure 4. The all age, all sex, 

mortality crude rate, per 100,000, was up 36.4% in 2016 over 2008 rates. When broken 

down by sex, mortality has respectively increased 51.4% and 26.4% for women and men 

when comparing 2008 versus 2018 rates. 

Figure 4: 10 Year Crude Rate (per 100,000) Comparisons of Emergency Department and 

Urgent Care Centre Visits by Sex 

Counts 2008 2018 
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Age Men Women All Men % 

Change 

Women % 

Change 

All 

45-49 2061.9 2074.6 2068.1 2344.1 +13.7 2729.2 +31.6 2530.3 

50-54 1906.0 2505.3 2196.2 2451.0 +28.6 3385.5 +35.0 2901.5 

55-59 2036.9 2825.4 2423.4 2644.4 +29.8 3858.4 +36.6 3237.9 

60-64 2127.5 3170.7 2647.6 2730.2 +28.3 3939.6 +24.3 3324.5 

2.2 Hospitalization 

Hospitalization admission rates for fall-related injuries, in 2016, dropped 

significantly for men across all 5-year age bands for those 45-59; this, compared to 2008 

data. However, an increase, in hospital admissions, of 7% was observed for men, aged 

60-64, in this same period. More modest changes have been realized for women with 

smaller declines in admission rates of 5.9% and 6.7%, aged 55-59 and 60-64 

respectively. See Figure 5. 

Despite gains observed in 2016 (as noted in Figure 5 above), hospital admission 

rates, in 2018 versus those recorded in 2008, for female, 5-year aggregate age bands, 

running from 50 to 64 years of age, have dramatically sored. Increases were also noted 

for men in the 50-54 and 60-64 age grouping, albeit these increases were not as high as 

those recorded for female cohorts. See Figure 6 for percent changes in fall-related injury 

hospital admission rates, by 5-year age bands and sex—red bolded boxes represent 

increases. 

Figure 5: Crude rate (per 100,000) of Hospital Admissions for Fall-related Injuries, 

Province of Alberta with Year Rate Comparisons by sex. 

Counts 2008 2016 

 Age Men Wom

en 

All Men % Change  Women % 

Change 

All 

45-49 252.3 192.9 223.3 180.9 -28.3 193.4 +0.2 186.9 
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50-54 267.3 293.3 279.9 232.5 -13.0 288.2 - 1.7 259.4 

55-59 349.9 412.9 380.8 288.6 - 17.5 388.6 - 5.9 337.2 

60-64 390.5 568.6 479.3 417.8 +7.0 530.3 - 6.7 473.1 

Figure 6: Crude rate (per 100,000) of Hospital Admissions for Fall-related Injuries, 

Province of Alberta with Year Rate Comparisons by sex. 

Counts 2008 2018 

 Age Men Wome

n 

All Men % 

Change  

Women % 

Change 

All 

44-49 252.3 192.9 223.3 212.5 - 15.8 194.2 +0.6  

50-54 267.3 293.3 279.9 277.3 +3.7 325.1 +21.7  

55-59 349.9 412.9 380.8 349.2 - 0.2 465.8 +33.1  

60-64 390.5 568.6 479.3 432.1 +10.7 556.1 +42.4  

3.0 Etiology of Fall Risk Factors 

Fall risk etiology is complex and dynamic. Multiple risk factors such as those 

associated with our biology, environment, social influences, economic status, or 

behavioral choices can interact to affect one’s risk of a fall (Volpe, 2014). Accordingly, 

these elements can be delineated into (1) extrinsic factors or external influences such as 

environmental risk factors that include unsafe sidewalks, poor lighting etc. and (2) intrinsic 

factors that are innate to each individual such as age, poor muscle strength, poor balance, 

or gait. Accordingly, intrinsic and extrinsic risk factors collectively operate to determine 

one’s risk of a fall (Geerse, 2019) (Muehlbauer, 2015). To view a chart illustrating the 

relationship between intrinsic and extrinsic factors that are respectively biological and 

behavioural, or socioeconomic and environmental in nature, see Figure 7. 
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Figure 7: Common Intrinsic and Extrinsic Fall-risk Indicators with associated Behavioural, 

Socio-economic, Environmental and Biological Elements 
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Fear of Falling    •       

Age    • *      

Sex     Medication     

Physical Condition     Ice and Snow     

Balance     Sports     

Lower Limb Muscle 

Strength 

    Work     

Medical Condition     Footwear     

   Denotes intrinsic associations in addition to the extrinsic factors noted. 

3.1 BBSE Model 

This model provides an analysis of fall-related risk factors incorporating theories 

associated with socio-ecological and other behavioural models. Accordingly, challenges 

associated with one or more of the following elements: biological, behavioural, 

socioeconomic, or environmental can influence one’s risk of a fall. Thus, interventions to 

mitigate these influences will serve to reduce falls and related injuries. For a visual 

overview of these four influential factors see Figure 8. 

3.1.1 Biological Risk Factors 

Biological risk factors such as our age or sex are beyond our control. However, 

many other biological qualities we can control, including the ability to be physically strong 
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and active. The latter is of particular importance. Physical activity supports overall health 

making one more resilient to disease, chronic illness, and mental challenges that 

compromise the quality of life (Scott, 2017). Moreover, physical activity supports strong 

musculoskeletal systems that, in turn, support good balance, mobility, and muscle 

strength (Scott, 2017). This is important as weaknesses in these domains are primary risk 

factors associated with falls (Ferreira, et al., 2012).  

3.1.2 Behavioural Risk Factors 

Behavioural risk factors are associated with personal decision making, emotion, 

and involve life choices that may impact one’s own risk of falling (Scott, 2017). This 

includes such things as the decision to use medications, that impact balance or that 

require adherence to warning labels to mitigate risk; substance use; risk-taking behavior; 

lack of exercise; poor nutrition or even fear (Scott, 2017). 

The collective impact of our actions and beliefs are particularly important as these 

behavioral decisions can increase fall risk. Moreover, emotions tied to behavior risk can 

support fear of falling. Both a fall and a fear of falling are strong predictors for future falls 

(Geerse, 2019). Evidence suggests that individuals are more likely to engage in safe 

behavior when they feel that they fully understand the risks and when they have the 

mechanisms to succeed in making safe choices. As such, programs need to inform and 

empower individuals, providing the necessary support to ensure that skill mastery and 

self-efficacy are developed and maintained.  

3.1.3 Socio-Economic Risk Factors 

Socioeconomic elements are associated with social aspects of life that include 

one’s connection to the community, professional networking opportunities, and access to 

supports from family, friends, and community (Scott, 2017). It also includes financial 

resources. Like biological and behavioural influences, socio-economic factors can either 

increase or decrease conditions that influence the risk of a fall. Accordingly, conditions 

such as living alone, access to transportation, language barriers, cultural practices, 
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poverty, and educational attainment can act to influence one’s risk for a fall (Scott, 2017). 

As one example, it is well documented that both income and available social support are 

correlated to physical activity. (Jones et al., 2018). Given the role that physical health 

plays in reducing fall risk, provisions that offset these barriers are essential. As such, 

programs or initiatives designed to reduce one’s risk of a fall should offer culturally 

sensitive activities that are inexpensive, that can be done at home, or in one’s community 

to overcome many socio-economic barriers. Additionally, and in efforts to reduce barriers, 

stakeholder partnerships should be explored. This might include municipal initiatives that 

support activity, through improved access, offering free transportation, subsidized gym 

rates, or free community programs, etc. This is important given the significant role that 

physical strength and balance plays in the prevention of falls, discussed in more detail 

later in this report. 

3.1.4 Environmental Risk Factors 

Environmental risks include conditions associated with our surroundings. As such, 

the physical environment sets conditions that can either work to, directly or indirectly, 

reduce the risk of a fall or conversely increase one’s risk of a fall. For example, building 

codes that fail to recognize the limitations of older populations, crowding of furniture and 

clutter, loose carpets and rugs, power cords in high traffic areas, inappropriate chair 

height, slippery surfaces including ice and snow, poor lighting or uneven sidewalks all 

increase ones risk of a fall (Scott, 2017). The list of home, community, and public 

infrastructure hazards are endless. 

3.2 Mid-life Intrinsic Risk Factors 

3.2.1 Age 

Falls are the leading cause of unintentional injury resulting in unnecessary injury 

or death across all age groups. However, according to research by Harmon et al., falls in 

adulthood begin to increase with age. This is evidenced between the ages of 45 and 55 

in women and 65 in men (Harmon, 2019). Results from this study indicate that for women, 
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beginning at age 45, fall incidence rates increase year over year while fall incidents rates 

in men are more stable up to age 65. In the metal-analysis by Peeters et al., it was 

determined that the prevalence of falls among middle-aged adults increased with age for 

both men and women. Findings from this same review indicated that, for women, fall 

prevalence was 8.7% and 29.9% in 40-44-year-olds and 60-64-year-olds respectively. 

For men, prevalence rate increases were far more modest increasing from 14.7% to 

15.7% between respective 45-49 and 60-64-year-old cohorts (Peeters, van Schoor, 

Cooper, Tooth, & Kenny, 2018). AHS dashboard incidence rates show similar findings 

with fall-related injuries increasing, with age, in both men and women, and with higher 

rates among women (see Figure 9). Interestingly, AHS Dashboard rates do not increase 

significantly for either men or women in the 60-64 age cohort. Despite sex-related 

differences in the prevalence of falls among middle-aged adult, these findings support 

calls to assess individual fall risk and to implement prevention strategies, prior to age 65, 

particularly for women (Harmon, 2019) (Peeters, van Schoor, Cooper, Tooth, & Kenny, 

2018). 

3.2.2 Sex 

Women are estimated to fall almost twice as often as men (Souza, 2009) and are 

40-60% more likely to be injured than a similarly aged man (Volpe, 2014). In a study by 

Harmon et al., 18.5 million patient records from emergency unit visits, for adults, 20 years 

of age or older, were examined between 2010-2014 to identify the annual average 

incidence rate of fall-related injuries by sex and age. Of the patient records examined, 

5.3% were deemed to be fall-related. Findings from this study indicate that women fall 

more often than men with an incident rate that is 55% greater for females versus males 

and that this held across the lifespan (Harmon, 2019). Based on the analyses of data, 

across four countries, Peeters et al. found that the prevalence of a fall is 27% for middle-

aged females versus 15.2% for males in this same age cohort (Peeters, van Schoor, 

Cooper, Tooth, & Kenny, 2018). 
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Differences between men and women have also been observed for fall-related 

injury severity among middle-aged adults. Studies indicate that when males fall, they are 

more likely to be seriously injured given that fall injuries in men are more likely to occur 

while participating in sports or while at work (Volpe, 2014). Concerning workplace fall 

injuries, industries such as mining, agriculture or forestry, where the risk of a fall is greater, 

tend to be male-dominated (Volpe, 2014) (Stats Canada Canadian Study of Sport 

Participation, 2005). Employers must offer related education and programming to reduce 

risk. This includes efforts to educate employees on the importance of being physically fit 

and strong. Still, public health officials can support goals by highlighting the importance 

of staying physically strong as a primary mechanism to reduce the risk of a workplace fall. 
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Figure 8 BSSE Model Overview 
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Figure 9: Emergency Department and Urgent Care Center visits for Fall-related Injuries 

with 5-yr Incremental Crude Rate (per 100,000) Percent Increases. 

  

 

Age 

2018 

Men 5-yr incremental % 

increases 

Women 5-yr incremental % increases  

44-49 2344.1 Baseline 2729.2 Baseline 

50-54 2451.0 4.6 3385.5 +24.0 

55-59 2644.4 7.9 3858.4 +14.0 

60-64 2730.2 3.2 3939.6 +2.1 

3.2.3 Physical Activity  

Increased sedentary behaviour leads to reduced muscle strength, poor balance, 

and agility, thus increasing one's risk of falling (Ferreira et al., 2012). Only 12% of older 

adults meet the Daily Physical Activity Guidelines set for health (Jones et al., 2018). 

Individuals with poor muscle strength have a five-fold increased risk of falling (Yoshida, 

2007). It has also been determined that low bone density, associated with low BMI and 

weight loss, also impacts fall risk (Volpe, 2014). Research indicates that fall risk indicators 

that include inadequate physical activity, poor muscle strength, a low body mass index 

(BMI), and low bone density are not limited to older adults or females although women, 

in particular, are prone to these risk factors beginning at menopause (Harmon, 2019) (NIH 

Consensus Development Panel on Osteoporosis Prevention, 2001). 

In a study by Dizdar, on postmenopausal women with osteoporosis, it was 

determined that strength training was an effective tool to reduce pain (Dizdar , Irdesel, 

Dizdar, & Topsac, 2018). This has important implications particularly for middle-aged 

individuals who experience increased soreness that may lead to or reinforce sedentary 

behaviour. Findings from this same study also suggest that balance and coordination 

exercises were found to be more effective than strength training when it comes to 

improving balance. Aerobic training was also found to improve balance as it works to 
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support somatosensory stimulus (Dizdar, Irdesel, Dizdar, & Topsac, 2018). It is important 

to note that the benefits gained through strength, aerobic, balance, and coordination 

exercises that include reduced pain, improved quality of life, and balance are not 

permanent and therefore must be consistently and regularly applied (Dizdar, Irdesel, 

Dizdar, & Topsac, 2018). In other words, these exercise regiments must become 

integrated into one’s lifestyle. Although there is ample research highlighting the benefits 

of exercise, similar research is absent as it relates to middle-aged fall risks. Accordingly, 

Dizdar suggests that further research is needed to learn more about the relationship 

between exercise and fall risks. 

3.2.4 Fear of falling 

People who have fallen often develop a fear of falling, which can reinforce or lead 

to future sedentary behavior (Volpe, 2014). It is estimated that 30% of the population over 

65 years of age are fearful of falling (Volpe, 2014). According to Volpe, there is a 

significant association between fear of falling and inactive behaviors that often translates 

into declines in balance and muscle strength. This cycle of events ultimately reinforces 

the conditions that increase one’s risk of a fall (Volpe, 2014). In other words, a chain 

reaction and snowball effect occur. Fear is followed by inactivity and physical deterioration 

that results in a fall. In turn, the act of falling reinforces the fear condition that led to the 

fall in the first place (Volpe, 2014). Figure 10 offers a visual of these reinforcing events. 

Thus, interventions are required to offset middle-aged physical decline if we expect to 

curb related increases in the number of falls and injuries (Peeters, Cooper, Tooth, van 

Schoor, & Kenny, 2019). 

It is important to address fear-related barriers to physical activity by providing 

programming that builds confidence, enhances mastery, and self-efficacy. Additionally, 

efforts to screen individuals and offer primary prevention-based strategies before falls 

occur are essential (Peeters, van Schoor, Cooper, Tooth, & Kenny, 2018). The best 

course of action is to prevent a fear of falling and reduce risk as a practical upstream 

approach (Peeters, van Schoor, Cooper, Tooth, & Kenny, 2018). 
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Figure 10: Relationship between Falls, Fear of Falling, and Sedentary Behavior 

  

3.2.5 Physical Literacy 

According to Canada’s Physical Literacy consensus statement, Physical Literacy 

can be thought of as “the motivation, confidence, physical competence, knowledge, and 

understanding to value and take responsibility for engagement in physical activities for 

life” (International Physical Literacy Association, 2015). 

In support improved literacy, guidelines have been designed that outline daily 

fitness requirements needed to sustain good health (Jones et al., 2018). As outlined in 

the Canadian Physical Activity Guidelines, adults aged 18-64 years of age, should get a 

weekly total of 150 minutes of moderate to intense aerobic activity (CSEP, n.d.). However, 

given the lack of attention being paid to physical literacy among older Canadians, few 

older adults have taken note of these recommendations (Jones et al., 2018) (Peeters, 
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van Schoor, Cooper, Tooth, & Kenny, 2018). Hence, there has been little to no change 

their level of activity (Jones et al., 2018). 

Where physical literacy has been promoted—among Canadian children and 

youth—it has seen promising results, supporting mastery, building confidence, improving 

attitudes and self-efficacy, reducing self-reported barriers, and improving physical activity 

across the life course (Jones et al., 2018). While physical literacy allows for knowledge 

exchange, its real strength lies in its ability to promote self-efficacy and mastery of a skill. 

When people feel empowered and supported, they are more likely to adopt healthy 

behaviors. Thus, increased physical literacy in the population is essential if we hope to 

increase physical activity among middle-aged adults as a mechanism to reduce physical 

declines associated with fall risks that include poor gait, balance, mobility, and strength. 

Given the success of these models, as well as health literacy models, that offer 

effective tailored education and learning practices to improve health outcomes, similar 

applications could prove promising as a tool to improve physical strength and other 

related physical deficits, in those aged 45-64, in efforts to reduce falls, now and across 

the life course. Early intervention is also critical given, the fact that a previous fall is the 

number one predictor of a future fall (Peeters, van Schoor, Cooper, Tooth, & Kenny, 

2018). Efforts to increase awareness and to enhance user knowledge, providing age and 

sex-specific information, across the life course, could prove beneficial in improving health 

literacy and ultimately physical activity, strength, and balance. 

3.2.6 Balance 

Balance is compromised by visual, vestibular, somatosensory, or musculoskeletal 

impairments. For this report, we will focus on the latter two deficiencies as balance and 

strength training interventions, which improve somatosensory and musculoskeletal 

health, will hold the greatest promise in positively influencing population-level outcomes 

(Scott, 2017). 
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According to studies by Halvarsson, Oddsson, Franzen, and Stable (2016), 

impaired balance is believed to be the primary cause of falls. There is ample research 

highlighting the correlation between strong lower limb muscle strength and good balance 

and mobility with reduced fall risk (Muehlhauser, 2015). According to Scott, 41% of all 

falls are the result of incorrect weight shifting and an additional 20% are the result of a 

trip or stumble (Scott, 2017). Enhanced lower limb muscle strength, good balance, and 

mobility are effective strategies to mitigate these risks. 

3.2.7 Lower Limb Muscle Strength 

Based on the findings of a twelve-year longitudinal study, high baseline lower limb 

muscle strength and low declines in strength, over time, are positively associated with 

improved balance in mid-life (Wu et al., 2016). Moreover, studies show that muscle 

strength can be improved in people aged 40-64, particularly through resistance training 

(Ferreira et al., 2012). Given the association between poor strength and balance and 

heightened fall risk, beginning in middle adulthood, programs to improve and maintain 

physical strength, in those aged 40-64, should be viewed as an appropriate prevention 

measure to reduce risk now and across the life course (Ferreira et al., 2012). 

3.2.8 Medical Conditions  

Several medical conditions affect middle-aged adults, many of which are 

associated with increased fall risk. Challenges include visual deterioration, that reduces 

response times and that act to destabilize the individual; diabetes; depression (unknown 

causation); other conditions more commonly associated with older individuals (Scott, 

2017). Although we can’t always control disease and illness, we can adopt behaviours 

that support good health such as eating well, getting plenty of rest, and being physically 

active. 

Literature speaks about the importance of physical activity in supporting strong 

muscle and bone development as a primary intervention to reduce falls and the severity 

of fall-related injuries. However, the benefit of physical activity is not limited to improved 
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muscle and bone strength as its preventative effects concerning both diabetes and 

depression, as an example, are well documented. Thus, there is a dual protective factor 

associated with active living that encompasses both fall and disease prevention. 

When designing physical activity messaging or programming, for middle-aged 

adults, it will be important to offset fitness limitations that are associated with common 

medical conditions. In doing so, physical activity interventions can be tailored to support 

successful participation. In other words, messaging or programming that is tailored to 

support safe physical activity for individuals with specific medical conditions or limitations 

is essential to encouraging active living across the life course. 

3.3 Mid-life Extrinsic Risks 

According to Canadian census data, the number of individuals aged 45-64 is at an 

all-time high with this cohort making up 42.4% of our workforce. This diverse, middle-

aged population participates in many activities, including work, sports, and routine daily 

activities, some of which commonly increase one’s risk of falls (Volpe, 2014). See Figure 

11 for location of fall injuries in those aged 40-64. 

Figure 11: Place Where Fall Occurred Information of Emergency Department and Urgent 

Care Center Visits for Fall-Related Injuries for those Aged 40-64, All Sexes, Province of 

Alberta, 2018 

 

3.3.1 Ice and Snow  

Despite the inclement conditions associated with Canadian winters, fall-related 

injuries from slipping on snow and ice continue to be under-appreciated. Although snow 
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increases ones risk of a fall, conditions associated with freeze-thaw cycles that increase 

surface ice arguably present the greatest weather-related fall injury risk (Talbot, 2005). 

According to Gard & Lundborg, a high prevalence of fall-related injuries result from slips 

on snow or ice and are reported to be the main cause of falls for those in mid-life (Gard 

& Lundborg, 1999) (Talbot et al., 2005). Figure 12 offers an overview of the different 

hazards and related incident rates associated with fall-related injuries in Alberta for 2018. 

Given that most falls occur during ambulation and given the added risk that snow 

and ice presents, prevention to reduce slips and falls associated with icy conditions is 

critical (Volpe, 2014). Hence, prevention strategies that encourage physical activity must 

acknowledge and advance provisions to offset the risk associated with ice and snow slips. 

Hence, the promotion of physical activity must be coupled with information to mitigate 

against falls associated with slippery conditions. Studies have shown a causal 

relationship between gait/balance and falls (Volpe, 2014). Findings suggest that specific 

training to improve gait and balance when walking on icy surfaces is effective in reducing 

falls (Volpe, 2014). 

Another primary cause of falls related to icy conditions is associated with poor grip 

and reduced friction between the ice surface and the bottom of the shoe (Gard & 

Lundborg, 1999). Thus, interventions to reduce snow and ice-related falls must highlight 

the need for weather-appropriate footwear, especially when making recommendations to 

participate in outdoor (winter) activities. According to one study, whole foot studded 

devices provide the best protection against falls associated with slippery conditions and 

are recommended, for use in winter months (Gard & Lundborg, 1999). 
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Figure 12: Hazard Involved in the Fall Incident Information of Emergency Department and 

Urgent Care Center visits for Fall-Related Injuries for those aged 40-64, all Sexes, 

Province of Alberta, 2018. 

 

3.3.2 Sports 

Many Canadians actively engage in a variety of non-organized recreational sports. 

Evidence suggests that education to improve understanding of related work out 

techniques and knowledge of appropriate sporting gear helps to support safe participation 

and can significantly reduce related falls (Volpe, 2014). 

3.3.3 Skiing and Snowboarding 

Skiing and snowboarding is a popular winter sport for middle-aged adults. Related 

falls are responsible for 89% of all hospitalization associated with these activities, with 

46% and 43% of these hospitalizations, respectively tied to snowboarding and skiing 

(Volpe, 2014). Studies have shown that properly fit ski bindings and instructional videos 

highlighting fall-related risk factors can reduce associated injuries (Volpe, 2014). 

3.3.4 Court Sports 

Court sport-related falls are disproportionately attributed to unsafe playing 

surfaces, wet surfaces, and improper footwear. Recent studies show that balance training 

is an effective intervention that additionally acts to reduce the chance of a fall when faced 
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with these other risk factors when engaging in sports such as tennis, volleyball, and 

basketball (Volpe, 2014). 

3.3.5 Work 

Within the Canadian population, 42.4% of those in the workforce are aged 45-64 

(Volpe, 2014). Among this age group, work-related falls are responsible for a significant 

proportion of injuries given that middle-aged workers are disproportionately at risk of 

tripping, slipping, or falling, versus younger workers (Muehlbauer, 2015). This can be 

attributed to strength, muscle performance, or balance impairments (Talbot, 2005) that 

include increased postural sway and slower gait speed that increase as we age 

(Muehlbauer, 2015). Further, after the age of 55, an employee is twice as likely to miss 

work as a result of illness or injury (Muehlbauer, 2015). Accordingly, middle-aged workers 

are at an increased risk for injury, permanent disability, compromised quality of life, and 

disproportionately contribute to the overall economic burden associated with health care 

and compensatory costs (Muehlbauer, 2015). Injuries from occupational falls compromise 

quality of life and account for tremendous economic costs (Muehlbauer, 2015). In efforts 

to offset physical declines that lead to increased work-related falls, among middle-aged 

workers, the implementation of prevention strategies that address gait, balance, and 

strength prior to risk acceleration are key (Harmon, 2019). 

3.3.6 Footwear 

It is important to understand the relationship between footwear and fall risk. 

Inappropriate athletic shoes can lead to unnecessary falls and injuries as a softer midsole 

can compromise one’s sense of position in their physical space (Volpe, 2014). 

Understanding this relationship is key, particularly when promoting physical activity to 

improve muscle and bone strength. 

3.5 Risk Associations by Age, Gender and Country 

In the meta-analysis by Peeters et al. (2019), four longitudinal studies from 

Australia, Ireland, Great Britain, and the Netherlands were examined to explore 
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associations with 42 potential demographic, health, and behavioural fall risk factors, in 

those aged 40-64, to guide prevention-based programs for this age cohort. Results of this 

study indicate that risks associated with falls in older adults are also associated with fall 

risk among middle-aged adults. However, it is important to note that the strength of a 

given fall risk association often varied according to age, sex, and country (Peeters, 

Cooper, Tooth, van Schoor, & Kenny, 2019). For example, musculoskeletal associations 

were found to be more pronounced among middle-aged participants versus older adults. 

Hence, programming to support increased muscle strength could prove invaluable in 

reducing fall risk in middle-aged populations. Similarly, poor mobility and urinary 

infections were the only two risk factors associated with falls in all of the four countries 

studied (Peeters, Cooper, Tooth, van Schoor, & Kenny, 2019). There were also 

statistically significant sex-related risk factors such as strong associations between fall 

risk and urinary infection in men versus risk associations with heart conditions in women 

(Peeters, Cooper, Tooth, van Schoor, & Kenny, 2019). Given these findings, the 

application of prevention-based interventions, that are tailored accordingly—by age, sex, 

country—could prove successful in reducing human and economic costs associated with 

fall-related injuries and are thus recommended. However, research to identify these 

factors, as they pertain to Alberta, are required. 

4.0 Primary Fall Risk Indicators 

Although many factors influence fall risk, it is important to determine which, if any, 

risk factors act as primary causal risk factors behind a majority of falls (Geerse, 2019). In 

other words, are there underlying causal factors, at the population level, that increase 

risk, in and of themselves, or when coupled with other risk factors? Knowing which risk 

factors lie at the root of a majority of falls will guide screening processes and allow for the 

development of effective messaging and programming. 
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Extrinsic and intrinsic factors can play a role in any fall, however, as we age, 

intrinsic factors are increasingly responsible for falls (Muehlbauer, 2015). This is due to 

the inverse relationship between age and strength, muscle performance, or balance 

impairments involving increased postural sway and slower gait speed (Muehlbauer, 

2015). Physical deficiencies are significantly associated with falls (Rubenstein & 

Josephoson, 1996). The majority of falls, in patients older than 75 years of age occur 

inside the home while the majority of falls in younger patients occur outdoors (Bath & 

Morgan, 1999). In this latter group, physical impairments are the primary causal factor 

behind these falls. Figure 13 ranks these impairments according to the number of 

significant associations found from the total number of related studies assessing 

association (Rubenstein & Josephoson, 1996). As indicated, physical deficiencies that 

include weakness, balance, mobility, and gait are significantly associated with fall risk. 

4.1 Fall History 

Evidence suggests that having a fall history is the greatest predictor of a future 

fall (Ganz, Bao, Shekelle, & Rubenstein, 2007). Further, falls can lead to a fear of falling 

that, in turn, renders individuals less inclined to participate in future activity even if that 

fall did not result in injury (Geerse, 2019) (Peeters, Jones, Byles, & Dobson, 2015) (Stel, 

Smit, Pluijm, & Lips, 2004). Fear of falling also acts as a primary risk indicator for future 

falls (Geerse, 2019). 
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Figure 13: Number of significant associations found per control study for that risk factor 

 
Masud, T., Morris, R. (2001). Epidemiology of Falls: British Geriatrics Society. 
Original Source: Rubenstein, L., Josephson, K. Falls. In Kenny RA ed. Syncope in Older Patient. London: Chapman and Hall, 1996. 

4.2 Balance and Gait 

Impaired balance and gait that naturally begins to decline between the ages of 40 

and 60, has been identified as being the second highest predictor of falls (Ganz, Bao, 

Shekelle, & Rubenstein, 2007) (Peeters, Dobson, Deeg, & Brown, 2013) (Choy, Brauer, 

& Nitz, 2003). Additionally, and based on the meta-analysis of four longitudinal studies, 

mobility was determined to be a risk factor for a fall, in all of the cohorts studied (Peeters, 

Cooper, Tooth, van Schoor, & Kenny, 2019). 

4.2.1 Improving Balance 

In a longitudinal study of young adult women, an association was found between 

both baseline and 12-year lower limb muscle strength (LMS) data and balance, after 12 

years (Wu et al., 2016). Hence, greater lower limb muscle strength and greater 

maintenance of that strength, over time, was found to have a protective function against 

falls in middle-aged female (Wu et al., 2016). This relays the importance of developing 

LMS in early adulthood and maintenance of that strength as a protective strategy in 

preserving balance in middle age women (Wu et al., 2016). This supports thinking that 
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interventions to improve balance by building and maintaining LMS, prior to the senior 

years, serves as a protective mechanism in falls prevention later on in life. 

A review by Kummel et al., indicates that trained balance tasks are an effective 

tool to improve balance in those specifically trained domains. However, no association 

was found between trained balance tasks and non-trained balance tasks. In other words, 

training in one balance domain was found to have little to no effect on balance in other 

domains. Given the different muscle synergies required for different balancing 

performances logic dictates that improvements to identified balance gaps would require 

targeted training (Kummel, Kramer, Gibion, & Gruber, 2016). Further, studies by Kummel 

et al., show that a weakness in one balance domain does not automatically translate into 

weakness in another balance domain. As such, a patient at risk for a fall may be weak in 

one domain yet strong in another. Assessments that allow clinicians to identify specific 

patient gaps across the balance domains would allow for targeted balance training 

strategies for more high-risk patients and may prove helpful in cases of severe deficiency 

and great risk (Kummel, Kramer, Gibion, & Gruber, 2016). From a health intervention 

perspective, this approach is best suited for those specializing in fields such as 

kinesiology, occupational, or physical therapy. 

At the population level, screening to identify specific balance domain weaknesses 

to allow for targeted strength training interventions may not be the most cost-effective or 

efficient approach. This is particularly true given that maintenance of strong balance 

domains is also a critical element in the prevention of future falls. Interventions that both 

strengthen and maintain all related balance domains could serve as an effective strategy 

to improve balance. Accordingly, activities that build strength across all domains will 

arguably strengthen areas of balance domain weaknesses while working to support the 

maintenance of already strong balance domains (Wu et al., 2016). As such, education 

and programming that targets all balance domains, acting to strengthen areas of 

weaknesses while acting to maintain strength in stronger domains offers a holistic 

approach and is recommended. 
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4.2.2 Improving Dynamic Postural Control (Gait speed) 

Findings by Granacher et al., suggest that biological processes tied to aging are 

associated with declines in gait speed. Additionally, conclusions from this same review, 

on children and older adults, indicate that balance and resistance training are effective 

intrinsic mechanisms to counter muscular limitations that increase one’s susceptibility of 

a fall. 

Postural control can be delineated according to static and dynamic movement. 

During static postural control, neither the ground nor the support base (legs) are in motion, 

but the center of mass is in motion. An example of static movement would be standing in 

one spot while moving one's arms or leaning over. Conversely, during dynamic postural 

control, both the base of support and the center of mass are in motion making it more 

challenging; thus, rendering one more susceptible to a fall. This explains the high 

correlation between ambulation and falls (Volpe, 2014) (Talbot, 2005). Given declines in 

postural control, that begin in young and middle-aged adults, measures of gait 

instability—stride-to-stride variations while walking, stance time, and swing time—that are 

deemed suitable for assessing older patients, should be considered as an appropriate 

mechanism to assess fall risk in middle-aged adults (Granacher, Muehlbauer, Gollhofer, 

& Kressig, 2011) (Geerse, 2019) (Era, et al., 2006). 

High-risk patients could be screened for specific postural control deficiencies with 

follow-ups that offer information and targeted strategies to strengthen noted areas of 

weakness. However, a holistic approach that works to build and support existing strength 

is recommended as a preferred upstream public health population approach. 

4.3 Physical Strength & Mobility 

Evidence shows that the majority falls result from slips and trips while walking 

(Geerse, 2019). This is, in part, supported by AHS dashboard data suggesting that ‘falls 

on the same level from slipping, tripping and stumbling’ represent the most frequent cause 

of a fall for all adult populations. See Figure 14 for related AHS Dashboard data. 
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Muscle strength is essential to performing daily tasks that require “functional 

mobility” (Granacher, Muehlbauer, Gollhofer, & Kressig, 2011). Overall strength is 

measured according to two established criteria of (1) muscle power— the dynamic 

function of strength represented as a function of applied force times velocity of motion—

and (2) muscle strength—the static (isometric) function of strength that calculated 

according to the amount of force exerted by a voluntary motion by one or more muscles 

(Granacher, Muehlbauer, Gollhofer, & Kressig, 2011). Similar to data on balance, gains 

and losses in muscle strength—static and dynamic—across the life course, follow an 

inverted U curve pattern (Granacher, Muehlbauer, Gollhofer, & Kressig, 2011). This 

means that children and elderly have increased deficits versus other age cohorts. As 

suggested in the literature, peak muscle strength is observed in those aged 25 to 30 and 

then begins to decline as a function of natural aging processes. Hence, declines are 

measurable in both young and middle adulthood, albeit deficits are more pronounced in 

the latter cohort (Peeters, Cooper, Tooth, van Schoor, & Kenny, 2019) (Era et al., 2006). 

4.3.1 Improving Strength and Mobility 

According to research by Ferreira et al., the best way to improve muscle strength 

is through the application of resistance training. Results of this research indicate that the 

greatest gains are achieved through targeted strength building. Targeted strength training 

versus other types of physical activities that do not specifically target strength was found 

to be statistically significant in improving strength (Ferreira et al., 2012). Additionally, as 

strength and mobility weakness is also a risk indicator for older adult populations, 

programs that support the adoption and maintenance of life long strength training should 

be encouraged, by middle adulthood, as a fall prevention mechanism for the elderly 

(Ferreira et al., 2012). 

According to this same research, effective strength-building workout routines need 

to be moderate to intense using free weights or weight equipment that are so heavy that 

the participant can only perform 8-12 repetitions before taking a break (Ferreira et al., 

2012). 
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It is important to note that physical activity does improve endurance, and although 

stamina is not a risk factor, in and of itself, for a fall, cardiovascular fitness that is essential 

to performing daily activities should be maintained through the life course (Ferreira et al., 

2012). 

5.0 Primary Fall-Related Injury 

Based on AHS Dashboard data, fractures from falls are the most common reported 

injury. In 2018, over 13,000 middle-aged patients, in Alberta, were treated in emergency 

rooms and urgent care centers for a fall-related fracture. This number is almost double 

that of the next highest reported fall-related injury titled, “superficial” on the Dashboard. 

Accordingly, and in efforts to reduce fracture injuries, interventions to strengthen bone 

density are imperative. 

5.1 Osteoporosis 

Given the high rate of osteoporosis, particularly among the female population, and 

its relationship to fall-related fracture injuries, efforts to reduce or prevent the onset of 

osteoporosis are essential to fall risk prevention measures. Osteoporosis is a condition 

that can affect anyone at any time (NIH Consensus Development Panel on Osteoporosis 

Prevention, 2001). However, it is more common in elderly men and post-menopausal 

women (NIH Consensus Development Panel on Osteoporosis Prevention, 2001). Risk 

factors associated with this condition include being female, Caucasian, having low body 

weight, BMI or estrogen levels, and a family fracture history (NIH Consensus 

Development Panel on Osteoporosis Prevention, 2001). 

5.2 Increasing Bone Density 

As suggested in the research by Wu et al., reducing fall-related fractures could be 

improved by working to support the development and maintenance of bone density in 
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middle adulthood as opposed to focusing on the problem later in life. Based on consensus 

information from the NIH Development Panel on Osteoporosis Prevention, although many 

factors influence one’s susceptibility to this disease, from a physical activity stance, it is 

believed that resistance training and high impact exercise represent best practices for 

building and maintaining bone density. As gains in bone densification occur before the 

age of 40, education highlighting the need to participate in high intensity and resistance 

training activities needs to be messaged to the population from childhood onwards. 

Physical activity is essential to both the development and then subsequent maintenance 

of strong bones across the life course. 

Given the importance of calcium, in the formation and maintenance of strong 

bones, information to encourage the consumption of foods rich in calcium are 

recommended. Calcium and Vitamin D supplements, for middle-aged adults, can be 

recommended to offset dietary deficiencies. However, dietary intake of calcium is 

preferable to supplements (NIH Consensus Development Panel on Osteoporosis 

Prevention, 2001). 

6.0 Prevention 

Increases observed in the prevalence (crude rate) of fall-related injuries from AHS 

Dashboard data is reflective of trends observed in other countries. Moreover, studies 

indicate that these increasing prevalence rates are not dependent on an aging population 

(Peeters, van Schoor, Cooper, Tooth, & Kenny, 2018). As suggested by Peeters et al., 

increases in the prevalence of falls highlights that current intervention strategies that 

largely focus on the elderly have not been sufficient and have not effectively addressed 

risk factors associated with falls. 
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6.1 Interventions 

It is anticipated that interventions targeting primary risk factors that include poor 

muscle strength, gait, and balance, will work to offset the compliment of everyday 

secondary risk factors presented as we navigate our environment or deal with other 

physiological challenges (Ganz, Bao, Shekelle, & Rubenstein, 2007). In other words, 

improving lower body strength, balance, gait, and mobility better enable individuals to 

remain upright when faced with a secondary risk factor; thus, reducing fall risk. Further, 

good health associated with strong muscles and bones helps to reduce the severity of an 

injury when a fall does occur. Lastly, as cardio training is essential to maintaining the type 

of health necessary to safely engage in daily activities, it should be added as a necessary 

compliment to any fall prevention strategy. 

Within the context of improving gait, balance, muscle, and bone strength, 

recognition of other risk factors are essential to ensuring that programs and initiatives are 

tailored to support safe participation. Accordingly, education and programming that is 

sensitive to socio-ecological and other challenges that compromise active lifestyles are 

required. Initiatives designs should aim to reduce biological, behavioural, environmental, 

and socioeconomic barriers wherever feasible. 

6.2 Screening 

Screening is an effective tool to prevent falls from occurring in the first place and 

can be simple in design (Ganz, Bao, Shekelle, & Rubenstein, 2007). As a previous fall is 

the number one indicator of a subsequent fall, individuals should be screened on this 

basis (Ganz, Bao, Shekelle, & Rubenstein, 2007). This can be accomplished by simply 

asking a patient if they have previously fallen (Ganz, Bao, Shekelle, & Rubenstein, 2007). 

Findings from Ganz et al., also suggest that gait and balance act as a primary predictor 

of a fall. Accordingly, patients should be asked a series of simple questions, preferably 

during annual checkups, to assess for these physical deficiencies. Asking patients if they 

have noticed declining gait or balance or even mobility is suggested as an appropriate 
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screening tool (Ganz, Bao, Shekelle, & Rubenstein, 2007). See Appendix G for a simple 

screening tool. 

At the population level, simple screening processes offer an avenue to raise 

awareness of the issue and support the identification of personal risk. Once, individuals 

are aware of their risk, subsequent provisions to reduce risk can be made such as 

providing information and supports to enhance balance and gait along with suggestions 

to reduce other secondary risk factors such as home environmental risks (Ganz, Bao, 

Shekelle, & Rubenstein, 2007). 

7.0 Next Steps 

As education is critical to supporting outcomes messaging and programming that 

can capture the attention of different user groups is essential. Accordingly, a literature 

review and survey to respectively identify marketing strategies and messaging to support 

the effective engagement, of different population groups, should be performed. 

Although some suggestions have been made about the types of activities that can 

improve outcomes, more options are required. As such, further research to explore 

different activity options, that are age-appropriate and that effectively support balance 

and coordination, strength, mobility, and gait among middle-aged, male and female, 

adults are needed. Options should also include activities that can be performed in one’s 

home and in the community environment to offset socio-economic challenges of poverty 

or reduced access to family or community support. 

Given that next steps will offer information and programming to support aerobic, 

strength, balance, and coordination exercises and activities, it will be essential to 

investigate the type of gear that is required to support safe participation. As noted in this 

document, inappropriate footwear is responsible for many sports related falls. As such, 
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information on proper sporting footwear is advised. Similarly, tips to support proper 

techniques while participating in activities are crucial to avoiding injury and should be 

investigated. This is particularly true when engaging in resistance training or other 

strenuous sporting activities. 

8.0 Recommendations 

Data and information provided in this report are intended to support the future design 

and delivery of evidence-informed messaging, programming, or other needed 

interventions to reduce primary risk factors and injury associated with falls among middle-

aged adults, 45-64 in age. Additionally, key biological, behavioural, socioeconomic, and 

environmental barriers that hamper outcomes have been noted and will serve to guide 

tailored interventions that can mitigate these challenges. Thus, initiatives will be designed 

to offset fall risk factors commonly associated with this age cohort while additionally 

working to support those facing barriers to success. Similarly, messaging and initiative 

designs to reduce fall risk in the population need to address demographic differences, 

including sex and age. Accordingly, recommendations associated with this information 

are center on advancing tailored messaging, education, and other provisions to reduce 

fall risk and injury while recognizing the need to offset socio-ecological barriers that can 

also act to increase fall risk.  

8.1 Socio-ecological and Other Fall Risk Prevention Barriers  

Given barriers associated with biological, behavioural, socioeconomic, and 

environmental limitations, all recommendations should seek to reduce challenges where 

feasible. 

Biological 

• Offer age-appropriate and engaging physical activities with information on proper 
techniques to mitigate injury and to enhance mastery and self-efficacy 
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• Implement prevention strategies to address gait, balance, and strength prior to risk 
acceleration (Harmon, 2019) 

• Highlight the need to speak with your doctor or other health care provider, 
particularly if you have a diagnosed illness and/or other physical impairments 
requiring special provisions, to safely engage in physical activity 

Behavioural 

• Based on promising practices to influence physical activity through improved 

physical literacy (PL) efforts to improve PL using PL models that specifically target 

muscle retention, loss, and re-tuning of skills according to one’s life stage should 

be advanced (Jones, et al., 2018) 

• Ensure that messaging and programming supports success by offering 

educational messaging that is clear, easy to understand, appeals to unique user 

groups, and that promotes self-mastery and builds self-efficacy 

• Offer culturally sensitive education and programming that will resonate with 

various ethnic populations including Indigenous Peoples, highlighting the 

connection between poor physical health and fall risk 

Socio-economic 

• Offer physical activity programs built on best-practices that can be done at home 
or within the community with little to no added cost 

• Create partnerships to reduce economic barriers that prevent individuals from 
attending community-based recreational programming. One example is to create 
partnerships with different municipalities to offer free public transportation and 
access to community facilities for those with limited income 

Environmental 

• Information to support physical activity must include messaging to keep people 

safe from slips and falls associated with ice and snow. (Talbot, 2005); inform the 

public on the need for anti-slip devices to reduce falls when engaging in outdoor 

activities—whole foot devices are superior in preventing falls when compared to 

other footwear devices such as foot-blade devices; alternatively, socks can be 

placed over winter footwear as a cost-effective and proven method to reduce slips; 

encourage the use of walking tools such as hiking poles; message the dangers 

associated with slippery surfaces in relation to falls and related injuries—see 

https://www.albertahealthservices.ca/injprev/Page15787.aspx 

• Provide key messages on how to best minimize risk when participating in winter 

activities by using proper fitting equipment including snowboarding equipment and 

ski bindings; provide links to instructional videos that address fall-related injuries 

https://www.albertahealthservices.ca/injprev/Page15787.aspx
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• Offer training suggestions to improve gait and balance when walking on snow and 

ice 

• Articulate the connections between falls and inappropriate footwear noting the 

importance of sport-specific footwear 

• Articulate the need to maintain lower body strength as good balance is essential 

to safe participation at work, during sporting, and other physical activities; message 

importance of balance training to reduce court sports injury; offer links providing 

guided balance training 

• Offer various options to participate in strength/resistance training, balance, and 

coordination, and aerobic activities using the natural environment 

8.2 Tailor Messaging to Meet Sex Difference 

• Men respond best to messaging that is fact-based while women are more 

responsive to messaging that evokes mild to moderate emotions 

• Articulate that osteoporosis can affect anyone at any time including men; articulate 

in messaging to the female population that their risk is high  

• As men are injured at work more often than women information should highlight 

this risk when targeting men and should include information to reduce risk by 

promoting physical strength 

• Highlight that women are twice as more likely to fall than are men 

8.3 Resistance Training Tips to Improve Strength & Mobility 

• Workouts should be, moderate to intense, with weights so heavy that you can only 

do 8-12 repetitions before taking a break 

• Technique is critical to outcomes and should be articulated in any messaging along 

with access to stakeholder/partner links offering guided training techniques and 

‘how-to’ suggestions, to ensure success 

• Message the need for life-long resistance training to reap benefits 

8.4 Reducing Fall Injuries 

• Provide key messaging indicating that fractures are the most common fall-related 

injury in middle age and that building strong bones and muscles, which reduces 

risk, needs to begin in the first three decades of one’s life 

• Share risk factors associated with poor bone density 

• Articulate interventions to improve bone density that includes resistance training 

and high impact sports, from childhood through to young adulthood 

• Resistance training, in middle adulthood, to maintain or minimize bone loss 
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• Articulate the importance of diet in complementing physical activity to support the 

development of strong bones by consuming foods that are rich in calcium 

8.5 Screening 

• Lower fall-risk screening, to middle age particularly for women (Harmon, 2019) 

• Offer simple screening tools, for middle-aged individuals, that allow for self-

screening or to support health-care providers; screening tools should ask whether 

one has suffered a previous fall and, if not, whether that individual is experiencing 

noticeable changes in muscle strength, balance, and or gait 

8.6 Target Primary Risk Factors 

• Provide links to stakeholder websites to offer strength building and balance 
enhancing instruction and or videos that can be used inside and outside the home; 
websites that offer important information and suggestions to engage in aerobic, 
strength training, and balance and coordination exercises, along with “how-to” 
information on becoming physically strong. One example would be exercise videos 
on how to use Therabands to improve strength or Tai Chi to improve strength and 
balance 

• Offer general strength-building exercises to improve lower muscle strength 

• Offer general balance enhancing exercised to improve stability 

8.7 Multi-sectoral initiatives and stakeholder collaboration 

To increase efficiencies and effectiveness of strategies multi-sectoral and 

stakeholder collaboration is recommended where ever feasible and should be explored 

in efforts to reduce fall risk and associated injuries. 

9.0 Conclusions 

Given physiological declines, beginning in mid-adulthood, that increase fall risk, 

and thus, the number of falls and injuries realized, among this cohort, it is important to 

offer interventions long before the age of 65. Efforts to expand prevention strategies 

beyond that of our senior citizen population, to additionally include middle-aged adults, 

will allow for interventions proven effective in reversing physical deficits that include lower 
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limb muscle weakness, poor balance, gait, and mobility, that translate into increased falls 

among this cohort. Further, messaging, information, and strategies to offset these 

physiological weaknesses will support improved outcomes now while positively changing 

attitudes and behavior across the life course, allowing this population to enter their older 

adult years stronger and more resilient to fall risks. Benefits include reduced risk and 

injury, increased physical strength, improved quality of life, and reduced economic costs. 

Accordingly, prevention efforts targeting middle-aged adults are essential if Alberta public 

health officials hope to see more substantive reductions in falls, related injuries, and 

associated costs.  
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11.0 Appendices 

Appendix A 

The use of group-based educational sessions targeting youth and caregivers within community settings. 

 

Authors Title Year pub. Country Methodologic
al design 

Search terms Key ideas Conclusion 

Bath, P., 
Morgan, K 

Differential risk 
factor profiles for 
indoor and outdoor 
falls in older 
people living at 
home in 
Nottingham, UK. 

1999 Great Britain Longitudinal 
Study 

Referenced in 
other article.  

Both low and high 
physical activity are 
associated with serious 
fall injuries. The latter 
may be due to 
increased exposure to 
high risk extrinsic 
factors. 

Indoor falls are more 
prominent in those over 
the age of 75 and 
associated with frailty; 
outdoor falls are more 
common in those under 
the age of 75 who are 
active but who have 
compromised health 

Be Fit for Life 
Website 

What is Physical 
Literacy 

2015 Canada NA Grey Literature; 
AHS Partner  

Building physical 
literacy can influence 
beliefs that support the 
adoption of physical 
activity. 

People who are active 
across the life course 
tend to live longer and 
enjoy increased 
independence as they 
age 

Choy Changes in 
Postural Stability 

2003 Unknown Cross- Cited as a 
reference in 

To measure differences 
in stability and balance 

Strong associations 
were found between 
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in Women Aged 
20 to 80 Years 

sectional  research article by 
Peeters et al., 
Should prevention 
of falls start 
earlier? Co-
ordinated analyses 
of harmonized 
data on falls in 
middle-aged adults 
across four 
population-based 
cohort studies. 

among different female, 
10 year age cohort 
bands.  

age and balance with 
vision impacting the age 
of noticeable change. 
With vision deterioration 
declines begin at 40, 
without visual 
deterioration, at 60 

Dizdar, M., 
Irdesel, J., 
Dizdar, O., 
Topsac, M 

Effects of Balance-
Coordination, 
Strengthening, and 
Aerobic Exercises 
to Prevent Falls in 
Postmenopausal 
Patients With 
Osteoporosis: A 6-
Month 
Randomized 
Parallel 
Prospective Study 

2018 Unknown Quasi 
Experimental – 
no Control 
Methods: 
randomized; 
three groups 
(balance and 
coordination, 
strengthening, 
and aerobic 
exercise)  

Search terms: 
From CINAHL: 
S1: (MH “Middle 
Ages”) Search 
modes- 
Boolean/Phrase 
875,092 
S2: (MH 
“Accidental Falls”) 
Search modes – 
Boolean/Phrase 
19,737 
S3:S1 AND s2 
Search modes – 
Boolean/Phrase 
3,800 
S4: “location” 
Search modes – 
Boolean/Phrase 
38,180 
S5: S3 AND S4 
Search modes – 
Boolean/Phrase 
60 
S6: S3 AND S4 

Examine the impact of 
balance and 
coordination, 
strengthening, and 
aerobic exercise to 
improve outcomes 
including improvements 
in pain reduction and 
static and dynamic 
balance among 
postmenopausal women 
with osteoporosis in 
relation to fall 
prevention.  

Results indicate that the 
best methods to 
improve dynamic and 
static balance are 
through the use of 
balance and 
coordination exercises 
and that strengthening 
exercises are best for 
pain reduction. 
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Limiters - 
Published Date: 
20140101 – 
20191231 29 
articles 

Era, R., 
Sainio, R., 
Koskinen, S., 
Haavisto, P., 
Vaara, M., 
Aromaa, A. 

Postural Balance 
in a Random 
Sample of 7,979 
Subjects Aged 30 
Years and Over 

2006 Finland Cohort-
Random 
Sample Study 

Cited in article 
from Granacher et 
al., “An 
Intergenerational 
Approach in the 
Promotion of 
Balance and 
Strength for Fall 
Prevention – A 
Mini – Review” 
AHS literature 
review. 

There is a lack of 
measurement data for 
postural balance; thus, 
a need for normative 
data exists.  

Declines in balance 
begin in young and 
middle-aged adults as 
per force platform 
measurements. As sex 
based difference have 
been noted it is 
essential that normative 
values be set 
accordingly. 

Ferreira, M., 
Sherrington, 
C., Smith, K., 
Carswell, P., 
Bell, R., … 
Vardon, P. 

Physical activity 
improves strength, 
balance, and 
endurance in 
adults aged 40-65 
years: A 
systematic review. 

2012 Australia Systematic 
Review 

“exercise therapy” 
OR “therapeutic 
exercise” OR 
exercise AND gait 
OR balance OR 
“bone health” OR 
“bone density” OR 
“bone strength” 
AND “fall 
prevention” OR 
“fall reduction” OR 
“fall control” OR 
“accidental falls” 
AND “treatment 
outcomes” OR 
“patient outcomes” 
OR “risk 
management” OR 

To determine the impact 
of physical activity in 
middle-aged adults, 
aged 40-64 as a fall 
reduction; the 
relationship between 
physical activity and 
improve balance, 
endurance, and strength 
and fall reduction. 

Physical activity was 
found to have some 
effect on balance and 
endurance in this age 
group. However, the 
most significant effects 
were found between 
targeted strength 
training. Physical 
activity was effective at 
improving muscle 
strength, balance and 
endurance but strength 
(resistance) training was 
the most effective 
strategy to build muscle 
strength. 
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“patient care” 

Gard, G., 
Lundborg, G.  

Pedestrians on 
slippery surfaces 
during winter-
methods to 
describe the 
problems and 
practical test s of 
anti-skid devices. 

1999 Sweden Observational 
Cohort study. 

Cited as a 
reference in Volpe, 
Best Practices in 
the Prevention of 
Mid-Life Falls in 
Everyday 
Activities. 

To assess and 
determine the most 
effective anti-skid 
devices to reduce slips 
and falls on ice and 
snow. Devices were 
assessed according to 
subjects perceptions 
related to “walking 
safety, priority for use 
and walking balance” 

It was determined that 
“wholefoot” walking 
apparatuses are 
superior across all three 
tested domains of 
walking safely, walking 
balance and greatest 
priority use.  

Ganz, A., 
Bao, Y., 
Shekelle, P., 
Rubenstein, 
L.  

Will My Patient 
Fall? 

2007 Unknown Meta-analysis Article was listed 
as a reference 
from Dizdar, 
“Effects of 
Balance-
Coordination, 
Strengthening, and 
Aerobic Exercises 
to Prevent Falls in 
Postmenopausal 
Patients With 
Osteoporosis: A 6-
Month 
Randomized 
Parallel 
Prospective Study. 

Conclusions indicate 
that the highest 
indicator for risk is a 
previous fall with a 
likelihood ratio of 2.3 – 
2.8 followed by poor gait 
and balance with a 
likelihood risk factor of 
1.7 – 2.4. 

These results indicate 
that screening 
provisions should focus 
on identifying first 
whether a patient has 
had a prior fall. If not, 
they should be 
screened for gait and 
balance. 

Geese Walking 
adaptability for 
targeted fall-risk 
assessments. 

2004 Unknown Cohort From CINAHL:  
S6 S3 AND S4 
Limiters - 
Published Date: 

Most slips are the result 
of slipping and tripping 
which infers some type 
of walking 
maladaptation. Subjects 

It was determined that a 
prior fall and the inability 
to avoid obstacle during 
task oriented stepping 
were associated with 



 
 

53  
 

Provincial Injury Prevention Program 
Safe Healthy Environments 

Alberta Health Services 
Middle-aged Falls Prevention: Evidence-Informed 
Review to Guide Best Practices 

Last revised: August 26, 2019 

20140101-
20191231  
Search modes - 
Boolean/Phrase 
29  
S5 S3 AND S4 
Search modes - 
Boolean/Phrase 
60  
S4 "location" 
Search modes - 
Boolean/Phrase 
38,180  
S3 S1 AND S2 
Search modes - 
Boolean/Phrase 
3,800  
S2 (MH 
"Accidental Falls") 
Search modes - 
Boolean/Phrase 
19,737  
S1 (MH "Middle 
Age") Search 
modes - 
Boolean/Phrase 
875,092 

were tested across 
different domains to 
identify gait, balance. 

future falls. The latter 
test was found to be a 
more effective test for 
future falls than simple 
genetic fall risk factors 
alone.  

Granacher, 
U., 
Muehlbauer, 
T., Gollhofer, 
A., Kressig, 
R., Zahner, 
L. 

An 
Intergenerational 
Approach in the 
Promotion of 
Balance and 
Strength for Fall 
Prevention – A 
Mini - Review 

2010 Switzerland/ 
Germany 

Mini - Review Consulted: 
CINAHL, Medline 
Limits Imposed: 
2009 - 2019 
Search Strategy: 
“exercise therapy” 
OR “therapeutic 
exercise” OR 
exercise AND gait 

Poor postural control 
and muscle strength are 
risk factors associated 
with falls and decline as 
a result of maturity, 
secular declines, or 
biological aging 
processes making 
children and older 

Given a need to 
improve muscle 
strength and postural 
control in children and 
older adults, that can be 
enhance through 
resistance and balance 
training, merit the 
application of 
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OR balance OR 
“bone health” OR 
“bone density” OR 
“bone strength” 
AND “fall 
prevention” OR 
“fall reduction” OR 
“fall control” OR 
“accidental falls” 
AND “treatment 
outcomes” OR 
“patient outcomes” 
OR “risk 
management” OR 
“patient care” OR 
“adults 40 to 65” 

adults at the greatest 
risk of a fall.  

intergenerational 
training programs to 
target these deficits.  

Government 
of Alberta 
Treasury and 
Finance 

Population 
Projections: 
Alberta and 
Census Division, 
2019-2046 

2019 Canada Census 
Information 
and 
projections. 

Google search: 
entered 
‘Government of 
Alberta’. On 
Government 
webpage 
‘population 
demographics’ 
was entered into 
the search menu. 

Get a sense of 
population 
demographics to guide 
needs based 
interventions.  

Older adults are 
expected to rise to 19% 
by 2046 outnumbering 
children; average age to 
increase to 19% by 
2046 and more diverse.  

Halvarsson, 
Oddsson, 
Franzen, & 
Stable 

Long-term effects 
of a progressive 
and specific 
balance-training 
programme with 
multi-task 
exercises for older 
adults with 

2016 United States Randomized 
Control Trial 

Cited as a source 
in Didzar from See 
Didzar lit review.  

Three groups with 
osteoporosis were 
assign to one of three 
exercise regiments- 
control (no intervention); 
Balance Training; 
Balance Training and 
physical activity and 
assessed at different 

Balance Training had 
lasting effects related to 
self-efficacy and walking 
(gait) performance; In 
order to ensure lasting 
results some it is 
thought that some 
participants will require 
additional training. It 
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osteoporosis time periods to 
determine fall-related 
self-efficacy. 

was found that effect 
can ween over time and 
thus, new training 
periods are required for 
maintenance of results. 

Harmon, K., 
Hakenewerth
, A., Waller, 
A., Ising, A., 
Tintinalli, J.  

Begin risk 
assessment for 
falls in women at 
45, not 65 

2019 United States Cohort Study; 
Review of 
hospital 
records 

From PubMed: 
“middle age” AND 
“fall*” AND last 5 
years 

Studied statewide 
emergency visits to 
explore differences in 
fall characteristics by 
sex and age. 

Results indicate that 
falls tend to increase in 
early middle age and 
that this is especially 
true for women. As 
such, fall prevention 
need to begin prior to 65 
yrs of age. 

International 
Physical 
Literacy 

Canada’s Physical 
Literacy 
Consensus 
Statement 

2015 Canada NA Cited in Scott, V.  NA NA 

Jones, G., 
Stathokostas, 
L., Young, B., 
Wister, A., 
Chau, S., 
Clark, P., 
Duggan, M., 
Mitchell, D., 
Nordland, P  

Development of a 
physical literacy 
model for older 
adults – a 
consensus 
process by the 
collaborative 
working group on 
physical literacy 
for older 
Canadians. 

2018 Canada A collaborative 
working group 
of expert 
researchers 
and knowledge  

 Methods to increase 
physical activity in older 
adults are important 
given demographic 
shifts towards an older 
population. 

Older Adults are the 
least physically active 
cohort in Canada 
leaving them more 
prone to illness and 
disability. By 2031, 25% 
of the Canadian 
population will be 65 
years of age or older 
Statistic suggest that 
physical activity 
guidelines are not 
increasing physical 
activity (PA) in older 
adults. Increasing 
physical literacy could 
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lead to improvements to 
PA among older adults 
given promising results 
in younger age-groups.  

Kummel, J., 
Kramer, A., 
Giboin, L-S., 
Gruber, M. 

Specificity of 
Balance Training 
in Healthy 
Individuals: A 
Systematic Review 
and Meta-Analysis 

2016 Switzerland Review and 
Meta-Analysis 

Resources 
Consulted: 
CINAHL, Medline 
Limits Imposed: 
2009 - 2019 
Search Strategy: 
“exercise therapy” 
OR “therapeutic 
exercise” OR 
exercise AND gait 
OR balance OR 
“bone health” OR 
“bone density” OR 
“bone strength” 
AND “fall 
prevention” OR 
“fall reduction” OR 
“fall control” OR 
“accidental falls” 
AND “treatment 
outcomes” OR 
“patient outcomes” 
OR “risk 
management” OR 
“patient care” OR 
“adults 40 to 65” 

Goal is to determine the 
impact of trained 
balance tasks on non-
trained balance tasks. 

Targeted balance 
training can improve 
specific balance 
domains. However, 
targeted training in one 
balance domain does 
not improve other 
balance domains. Thus 
improvements are only 
seen for trained tasks.  

Middleton, 
A., Fritz, S. 

Assessment of 
Gait, Balance, and 
Mobility in Older 
Adults: 
Considerations for 

2013 Unknown Review Google search: 
“define mobility 
versus gait” 

Assessing Balance, gait 
and mobility is an 
important tool for those 
working with patients. 
This report provides 

Measurement tools 
identified in this report 
have been determined 
to provide effective 
assessments of 
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Clinicians. evidence-based and 
detailed measurement 
tools for each of the 
three physiological 
elements.  

balance, gait and 
mobility in older adults. 
Additionally, the authors 
have additionally noted 
other important sources 
to access even more 
intricate testing outcome 
measures. 

Muehlbauer, 
T., Gollhofer, 
A., 
Granacher, 
U.  

Associations 
Between 
Measures of 
Balance and 
Lower-Extremity 
Muscle 
Strength/Power in 
Healthy Individuals 
Across the 
Lifespan: A 
Systematic Review 
and Meta-
Analysis.  

2012 Germany Literature 
Review 

Systematic Lit 
search in PubMed, 
Web of Science, 
and SPORTDiscus 
up to March 2015. 
Boolean search 
(((postural balance 
OR posture) AND 
(correlation study 
OR association 
OR relationship) 
NOT (athletes OR 
patients OR 
disease)))); 
PubMed used 
Medical Subject 
Heading; English; 
full-text original 
articles; checked 
references in each 
article to identify 
additional suitable 
studies for 
inclusion.  

To assess the 
relationship between 
lower muscle strength 
(power) and balance to 
support design of 
targeted health and skill 
related exercise 
regiments. 

A correlation was found 
to exist between strong 
lower muscle strength 
and good balance with 
reduced fall risk; middle-
aged workers are 
disproportionately at risk 
of tripping, slipping or 
falling, versus younger 
workers (Muehlbauer, 
2015). This can be 
attributed to strength, 
muscle performance, 
and/or balance 
impairments that include 
increased postural sway 
and slower gait speed 
that increases as we 
age. Further, after the 
age of 55, an employee 
is twice as likely to miss 
work as a result of 
illness or injury; middle-
aged workers at 
increased risk for injury, 
permanent disability, 
compromised quality of 
life; disproportionately 
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contribute to overall 
economic health care 
and compensatory 
burden; occupational 
falls compromise quality 
of life with high 
economic costs 

NIH 
Development 
Panel on 
Osteoporosis 
Prevention 

NIH Development 
Panel on 
Osteoporosis 
Prevention, 
Diagnosis and 
Therapy 

2000 Unknown Expert Panel Reference from 
Wu et al.  

Expert panel to define 
Osteoporosis and its 
impacts, demographic 
risk factors, building and 
maintaining bone 
density, Rx and 
evaluation, future 
research 

Provides most recent 
information for each of 
the five questions 
identified 

Ontario Injury 
Prevention 
Resource 
Centre 

Falls Across the 
Lifespan 
Evidence-Based 
Practice Synthesis 
Document 

2008 Canada Review of prior 
literature 
reviews 

Google search: 
entered ‘best 
practices to 
prevent middle 
aged falls Canada’ 

Provides information to 
support Ontario’s public 
health professionals in 
advancing fall-related 
injuries across the life 
course.  

1. Outlines the severity 
of the issue at different 
life stages. 
2. Highlights risk factors 
at various stages in life. 
3. Collation of evidence 
to decrease the 
frequency of falls and 
severity of associated 
injury across the life 
course. 

Peeters, G., 
Cooper, R., 
Tooth, L., 
van Schoor, 
N., Kenny, R. 

A comprehensive 
assessment of risk 
factors for falls in 
middle-aged 
adults: Co-
ordinated analyses 
of cohort studies in 

2019 Unknown Review of 
Cohort Studies 
from four 
different 
countries 

From PubMed: 
“middle age” AND 
“fall*” AND last 5 
years 

Reviewed 4 longitudinal 
studies across four 
countries to identify risk 
factors in the 
population. 

Identified risk factors 
associated with falls in 
middle aged adults: 
risks can be linked to 
sex, age, or country. 
Found that risk factors 
common to older 
populations are also risk 
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four countries factors for younger 
populations. 

Peeters, G., 
van Schoor, 
N., Cooper, 
R., Tooth, L., 
Kenny, R. 

Should prevention 
of falls start 
earlier? Co-
ordinated analyses 
of harmonized 
data on falls in 
middle-aged adults 
across four 
population-based 
cohort studies.  

2018 Australia Review of 
Cohort Studies 
from four 
different 
countries 

From Medline 
(Ovid):  
1 exp Middle 
Aged/ 4146951  
2 exp Accidental 
Falls/ 22457  
3 1 and 2 6398  
4 exp Accidental 
Falls/pc 
[Prevention & 
Control] 8394  
5 1 and 4 1851  
6 limit 5 to 
yr="2016 -Current" 
455  
7 from 6 keep 2-3, 
6, 11, 17, 22, 27... 
25  
8 location.mp. 
273897  
9 1 and 2 and 8 
160  
10 limit 9 to 
yr="2014 -Current" 
60  
11 from 10 keep 
13, 22, 24, 29, 36 
5 

Reviewed 4 longitudinal 
studies across four 
countries to calculate 
the prevalence of falls in 
those aged 40-64 

Found variations in the 
prevalence of falls 
among the four cohorts 
from different countries. 
Despite variations that 
were deemed small, a 
rapid increase in the 
number of falls was 
observed to occur in 
middle-age. This was 
especially true for 
women 

Peeters, 
Jones, Byles, 
& Dobson. 

A life course 
perspective on 
physical 
functioning in 

2013 Unknown Review of 
Longitudinal 
Cohort Study 

Reference in: 

Peeters, G., van 
Schoor, N., 
Cooper, R., Tooth, 

To assess onset of 
physical functional 
peaks, believed to occur 
in early adulthood, and 
declines, believed to 

Physical activity is 
associated with physical 
functioning but the rate 
of decline in physical 
functioning is similar in 
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women  L., Kenny, R. 
“Should prevention 
of falls start 
earlier? Co-
ordinated analyses 
of harmonized 
data on falls in 
middle-aged adults 
across four 
population-based 
cohort studies.” 

subsequently decline as 
a dependent function of 
physical fitness level 
until full decline is 
reached.  

all age groups studied, 
there is not a linear 
relationship between 
age and physical 
decline. It was 
determined that physical 
functioning, at baseline, 
does affect physical 
decline However, this is 
not true of physical 
activity. 

Peeters, 
Jones, Byles, 
& Dobson 

Long-term 
consequences of 
noninjurious and 
injurious falls on 
well-being in older 
women 

2015 Australia Longitudinal 
Cohort Study 

Reference in: 
Peeters, G., 
Cooper, R., Tooth, 
L., van Schoor, N., 
Kenny, R. “A 
comprehensive 
assessment of risk 
factors for falls in 
middle-aged 
adults: Co-
ordinated analyses 
of cohort studies in 
four countries” by 

To assess the impact of 
falls, that cause injury 
and those that do not, 
across 8 identified 
wellness domains over 
time.  

Those who have fallen 
have lower wellness 
scores. Noninjurious 
fallers has lower scores 
in 6 or 8 categories 
while injured fallers had 
7. In older women it was 
found that deficits in 
well-being are apparent 
before the first fall which 
may be associated with 
other fall risk factors 
besides the fall itself.  

Rubenstein, 
L., 
Josephson, 
K.  

The epidemiology 
of falls and 
syncope 

1996 Great Britain Meta-Analysis Referenced in 
Ganz, Bao, 
Shekelle, & 
Rubenstein, 2007 

To explore causal 
factors and associations 
of falls and related 
injuries. 

Highlights the primary 
risk factors associated 
with falls including 
muscle weakness, poor 
balance, gait, and 
mobility. 

Scott, V Fall Prevention 
Programming: 
Designing, 

2017 United States Best Practices Grey Literature: 
recommended by 

Provides information on 
Fall Prevention 
Programming: offering 

From content: used 
information to describe 
intrinsic and extrinsic 
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Implementing and 
Evaluating Fall 
Prevention 
Programs for 
Older Adults. 

Shelley Smith design, Implementation 
and Evaluation 
strategies for fall 
prevention programs for 
older adults. 

risk factors including 
concepts embedded 
within the BBSE model. 

SMARTRISK Economic Burden 
of Injury in Canada 

2009 Canada Review 
including 
analysis of 
incidence 
costing. 

Google search: 
entered ‘Economic 
Burden of Injury 
Canada’ 

Determine the economic 
impacts of injuries, 
including fall-related, 
particularly in relation to 
the health care system. 

Falls are the leading 
cause of injury including 
partial and permanent 
disability. In 2004 the 
total costs associated 
with falls total 6.2 billion. 

SMARTRISK The Cost of Injury 
in Canada 

2015 Canada Review 
including 
analysis of 
incidence 
costing. 

Google search: 
entered ‘Economic 
Burden of Injury 
Canada’ 

Provides an update to 
the 2009 SMARTRISK 
report. 

Determine the economic 
impacts of injuries, 
including fall-related, 
particularly in relation to 
the health care system. 

In 2010, falls led to 

highest injury - 31% of 

total costs, in Canada. 

Direct costs = $6.652 

billion; indirect costs = 

$2,029 billion; total of 

$8.7 billion dollars. In 

Alberta, the total cost of 

falls and related injuries 

= $1.15 billion, in 2010; 

highest per capita cost 

to residents. 
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Souza, A. Differential 
Diagnosis and 
Management for 
the Chiropractor 
4th Ed. 

2009 Unknown Review: Book Resource from 
Volpe  

The book highlights the 
increasingly important 
role that the chiropractic 
industry plays in relation 
to the health care 
system 

In relation to the 

evaluation and 

management of best-

practices in patient care 

that much is still 

unknown which 

demands that 

practitioners continue to 

probe into the unknown 

while applying best-

practices where positive 

outcomes are proven. 
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Stel, V., Smit, 
J., Plumjim, 
S., Lips, P. 

Consequences of 
falling in older men 
and women and 
risk factors for 
health service use 
and functional 
decline 

2004 Netherlands Longitudinal 
random Cohort 
Study 

Resource from 
Peeters et al., 
titled: A 
comprehensive 
assessment of risk 
factors for falls in 
middle-aged 
adults: Co-
ordinated analyses 
of cohort studies in 
four countries 

To identify risk factors 
associated with falls 
including functional 
declines among older 
individuals and to 
explore the outcomes of 
those falls among males 
and females. 

Post falls: (1) functional 

declines were 

associated with being 

female, increased 

medications, and 

depression like 

symptoms. (2) Declines 

in social activity were 

associated with indoor 

falls, and depressive 

like symptoms. (3) 

declines in physical 

activity among women, 

depressive symptoms. 

Just under 70% of 

fallers were injured with 

almost 25% seeking 

health service care. 

Talbot, L., 
Musiol, R., 
Witham, E., 
Metter, E. 

Falls in Young, 
Middle-aged and 
Older Community 
Dwelling Adults: 
Perceived Cause, 
Environmental 
Factors and Injury.  

2005 United States Cohort Citation in 
Harmonn from 
AHS library lit 
search. See 
Harmon et al. 

Identify risk factors 
associated with fall 
among young and 
middle-aged adults. 
Economic and Social 
costs of fall-related 
injury. 

High prevalence of fall 
related injuries snow/ice 
slips and are reported 
as the main cause of 
falls for those in mid-life; 
interrupt work and 
family life while placing 
tremendous financial 
strain on an already 
overburdened health 
care system 

Richard Final Report to the 
Ontario 

2014 Toronto, Review Grey Literature: 
Google search 

To offer best- practices 
to reduce falls among 

A series of 
recommendations 
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Volpe Neurotrauma 
Foundation: Best 
Practices in the 
Prevention of Mid-
life Falls in 
Everyday Activities  

Ontario using ‘Best 
practices everyday 
fall prevention 
middle-age 
reviews’ 

Found article on 
his WordPress 
site; searched title 
& author’s last 
name on google.  

middle-aged adults; this, 
based on case studies.  

based on findings from 
the case studies are 
offered to support best-
practices in the 
reduction of fall related 
injuries. 

Wu, F., 
Callisaya, M., 
Wills, K., 
Laslett, L., 
Jones, G., 
Winzenberg, 
T. 

Both Baseline and 
Change in Lower 
Limb Muscle 
Strength in 
Younger Women 
Are Independent 
Predictors 
of Balance in 
Middle Age: A 12-
Year Population-
Based 
Prospective Study 

2017 Australia Longitudinal 
Observational 
Study 

University of 
Waterloo Library 
using search terms 
“strength” 
“balance” “middle 
age” 

Aim of this study is to 
determine modifiable 
factors that affect 
balance in younger 
women. 

Results show a positive 
association between 
strong baseline lower 
muscle strength along 
will small declines over 
time with better balance 
in midlife.  

Yoshida, S. A Global Report 
on Falls 
Prevention: 
Epidemiology of 
Falls 

2007 Unknown Report of key 
findings 

 Review of Incidence of 
falls including frequency 
and related injuries; sex 
differences; secular 
trends; related global 
comparisons; global 
mortality associated 
with disparity; Intrinsic 
and behavioural 
impacts.  

Falls and related issues 
are a global issue that 
demand public health 
intervention. Common 
risk factors are identified 
along with unique 
demographic trends, 
intrinsic and behavioural 
factors all of which can 
interact to influence 
overall risk. 
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Appendix B 

Alberta’s Population Pyramids, 2018 vs. 2046 
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Appendix C 
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Appendix D 
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Appendix E 
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Appendix F 

Talbot, L. A., Musiol, R. J., Witham, E. K., & Metter, E. J. (2005). Falls in young, middle-aged and older community dwelling adults: 
perceived cause, environmental factors and injury. BMC Public Health, 5(86), 86. 
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Appendix G 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 2  

 
1 Questions used to assess lower limb strength taken from: Active Aging Canada. 2019. Lower Body 
Mobility. Retrieved from: https://www.youtube.com/watch?v=3BifrCDM4IM&feature=youtu.be 
2 Balance Test taken from: Goldschmidt, V. How’s your Balance? Take This 30-Second Test To Find Out. 
SaveInstitute. Retrieved from: https://saveourbones.com/hows-your-balance-take-this-30-second-test-to-
find-out/ 

Yes 

Community Based Fall Risk Screening Tool for 45 - 64 year olds 

Self-check 

1. Weakening lower body mobility and 
strength 
Do you find it more difficult now to? 

• Get out of your car 

• Get off of a sofa 

• Put on socks while sitting 

• Taking stairs 

• Get up from the floor 

2. Poor balance 
Have a friend supervise and time this 
activity. Close your eyes & stand on one 
foot. Do 3 times & calculate the average 
time you can remain upright before tipping 
over. Repeat using other leg. (At age 40 the 
average time is 16 secs. At age 35, 22 
secs.) 

3. Has your walking changed?  
Are you less sure footed than you use to be? 

At Risk for a Fall 

Talk with your health 

care provider for tips 

on how to reduce 

your risk 

Yes 
Have you 

fallen in the 

last year? 

No 

https://www.youtube.com/watch?v=3BifrCDM4IM&feature=youtu.be

