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Abstract
Both diabetes mellitus (DM) and aging have an effect on gait behavior, balance, muscle performance, and other medical 

complications related to the development of diabetic neuropathy, hypoglycemia, hypotension, cognitive impairment, pain, disturbed 
proprioceptions, and polypharmacy. The main goal of the present review study was to identify risk variables for hypoglycemia-
influenced falling in DM older people, to suggest protective interventions to reduce the occurrence and to explore the effect of 
physical exercise on falling among elderly individuals with DM. In July 2021, these keywords were used to search Google Scholar, 
PubMed, Embase: falling in elderly, DM complications, insulin, hypoglycemia, and physical exercise. Because falls are so common 
during activities, it is critical to figure out what elements influence balance and walking activity. Multi-medications, cognitive 
dysfunction, dementia, urinary incontinence, depression status, and hypoglycemia are just some of the issues that can affect 
the elements of controlling balance directly during motion. Others, such as multi-medications, cognitive dysfunction, dementia, 
urinary incontinence, depression status, and hypoglycemia, can affect balance control indirectly by disrupting posture mobility. 
Exercise training has been shown to increase body performance and reduce joint discomfort, as well as improve psychological 
status and quality of life, muscular strength and balance, lower the chance of falling, and improve overall health in the aged and 
older adults.(International Journal of Biomedicine. 2021;11(4):473-479.)

Key Words: older adults • falling • diabetes mellitus • physical exercise

For citation: Abdelbasset WK. Physical Exercise and Falling among Older Patients with Diabetes: A Narrative Review. 
International Journal of Biomedicine. 2021;11(4):473-479. doi:10.21103/Article11(4)_RA3

Diabetes mellitus (DM) is continuing to be an increasing 
international health burden.(1) Furthermore, diabetes 

is becoming more prevalent among the elderly worldwide as a 
result of increased life expectancy and the disease’s widespread 
prevalence.(2) Diabetic older persons have unique treatment 
needs. Hypoglycemia is a potential complication that might 
arise as a result of diabetes treatment.(3,4)

DM affects more than 10% of the older population, 
compared to 6% of the overall adult population, and it affects 
as many as 25% of nursing home residents.(5) The care of 
older individuals comes with its own set of difficulties. 
Hypoglycemia episodes are a common consequence of DM 

treatment with oral and insulin medicines.(3) Hypoglycemia’s 
repercussions are perhaps even more severe in fragile elderly 
individuals than others.(4)

For example, falling in the elderly is perhaps the first 
sign of hypoglycemia, with terrible implications such as bone 
fractures, poor life quality, and death. Not as prevalent as the 
elevated falling rate in this population, osteoporosis is also 
common, owing to the presence of concomitant disorders such as 
DM, which is linked to impaired bone healthiness.(6) Moreover, 
a number of drugs have been linked to the development of 
osteoporosis in older DM individuals.(6)

Older individuals are prone to a variety of health issues, 
the most common of which is falling, which is the primary 
reason for mortality among adults over age 65. A fall can 
cause different health difficulties, ranging from the immediate 
(trauma, fractures, and lacerations) to the long-term (muscle 
fatigue, weakness, and fear of falls).(7) Falling has a harmful 
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influence on older individuals’ life quality since it impacts 
their activities and mobility, and increases their death rate. 
Falling is very common among aged and older DM persons, 
particularly type 2 DM (T2DM), which is a major risk factor. 
In people over age 65, the incidence rate is around 39% each 
year, and it is more common among those with uncontrolled 
glycemia.(8) Despite the fact that there are many disorders 
linked to falling in the elderly, a probable common risk factor 
is a loss of balance.(9) Furthermore, numerous DM drugs have 
been linked to falls in the older population.(6)

The main goal of the present review study was to 
identify risk variables for hypoglycemia-influenced falling in 
DM older people, to suggest protective interventions to reduce 
the occurrence and to explore the effect of physical exercise 
on falling among elderly individuals with DM. In July 2021, 
these keywords were used to search Google Scholar, PubMed, 
Embase: falling in elderly, DM complications, insulin, 
hypoglycemia, and physical exercise.
Causes of falling among older patients with DM

The causes of falls in older people are multifaceted, 
and DM has been identified as one of the major risk factors 
in several studies.(10,11) Diabetic neuropathy, neuromuscular 
problems, musculoskeletal dysfunctions, neuropathic pain, 
diabetic foot, cognitive dysfunction, vestibular disturbance, 
pain, and anti-DM medicines that produce hypoglycemia 
all contribute to a higher risk of falling in diabetic older 
individuals. Furthermore, DM increases the incidence of 
osteoporosis and fractures.(10-12)

Because of changes in the structure and architecture of 
bones, such as collagen quality and bone minerals, the strength 
and quality of bone in diabetic and non-diabetic individuals are 
lowered.(13,14) The severity, duration, and complications of DM, 
as well as a lack of food control, are all linked to a higher risk 
of fractures.(13) Furthermore, excessive use of DM medicines, 
particularly thiazolidinediones (TZD), may increase the risk 
of fracture due to a decrease in bone quality and mass. DM 
may increase the number of impairment episodes in older 
people, resulting in a higher risk of falling.(15)

Due to the rising prevalence of DM worldwide, the 
risk of fractures and falls in DM individuals may become a 
major public health concern in the future, particularly among 
diabetic older people, who are frailer and more prone to bone 
loss and osteoporosis.(16)

Recognizing the number of factors linked to falling in 
diabetic older people is a difficult and time-consuming task. 
Many products have been shown to be of minor benefit to 
older people who are at risk of falling due to the difficulties 
of including them in clinical assessments. Furthermore, 
the most predictable determinant of falling is past falling; 
the susceptibility of falling increases as a result of previous 
experiences.(17) This predictor, on the other hand, does not 
detect persons who have not fallen but does recognize the 
danger characteristics associated with falling. In addition, 
this predictor provides a reduced direction to the reasons for 
previous falls. As the primary goal is to intervene before an 
event occurs, the value of falling history is restricted because 
it does not reflect the detection of elements that contribute to 
falling. Finally, the most effective way is to identify persons 

who are exposed to dangers prior to falling and intervene in a 
timely manner to reduce these risks.     
Factors associated with falling among older patients with DM

Diabetic older people are more vulnerable to falling 
than non-diabetic older people. When aging is combined 
with DM, the chance of falling is increased by 17 times.(18) 

Furthermore, age and diabetic consequences, such as impaired 
sensibility(peripheral neuropathy, retinopathy, and diabetic 
foot), are substantial factors in an individual’s risk of falling.
(19) Age, BMI, insulin medicines, neuropathy, heart illnesses, 
osteoarthritis, decreased balance, and weakness of the lower 
limbs have all been shown to raise the associated factors of 
falling in DM older individuals.(20)

Hypoglycemia
One of the commonest causes of unintentional lesions 

among older people is falls, which account for about 90% of 
wrist and hip fractures. Head injuries account for between 
24% and 60% of all injuries.(21) Long-term DM problems, such 
as diabetic foot ulcers, retinopathy, and diabetic neuropathy, 
are recognized to induce falling in senior individuals.(21) Falls 
in DM people have been linked to a variety of risk factors. 
Aging, insulin medications, peripheral neuropathy, disturbed 
balance, obesity, osteoarthritis, cardiac diseases, and impaired 
lower limb function are all factors to consider.(20)

Diabetic individuals over age 65 have been reported 
to have a higher chance of falling and becoming disabled. 
One of the most feared acute consequences of DM therapy, 
hypoglycemia, has been proven to increase the chance of 
falling. Cognitive ability disturbance, palpitations, shakiness, 
and trembling are all signs that can contribute to hypoglycemia-
related falls.(22,23)

Falling caused by hypoglycemia may result in fractures, 
head and soft tissue injuries, and disorientation, which can 
lead to recurrent falls.(24) Other comorbidities, including 
osteoporosis, in older persons may result in fractured bones. 
Accidents resulting in hospital visits were retrospectively 
analyzed in a large USA database among T2DM individuals 
on medicines (excluding insulin).(22)

Retrospective and case-control studies have also revealed 
an increase in hypoglycemia-induced falling and bone fracture, 
notably in individuals on insulin therapy who had strict 
glycemic control, but not in those on oral anti-DM drugs.(25) 

Hypoglycemia is related to a considerably greater accident risk 
leading to hospitalization in T2DM individuals using insulin, 
including incidents involving falling and driving.(24)

In older patients, hypoglycemia has a significant negative 
effect on life quality.(22) Hypoglycemia is feared by individuals 
more than any other diabetic condition, according to clinical 
experience.(26) Hypoglycemia is related to diminished results in 
the elderly, including an increase of falling and fracture risks, 
as well as hospital admission, frailty, in-hospital mortality, and 
durable cognitive dysfunction, including dementia disorder.(27) 

It is also linked to altered electrophysiology, including a longer 
QT interval, which is a recognized cause of cardiac arhythmia 
and can cause older people to fall.(28)

Anti-diabetic medications
One of the associated factors for falling is the use of 

anti-diabetic medications.(18) It has been shown that taking 
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several prescription medications raises the falling risk in older 
individuals. It was discovered that DM individuals who took 
more than four drugs had a higher risk of falling.(29,30) As the 
number of drugs used increased, so did the risk of falling. 
Insulin-dependent diabetics have a greater hazard of falling and 
hypoglycemia than those who take oral DM medications.(24)

The risk of hypoglycemia is higher in those taking 
sulphonylureas than in people taking other oral DM 
medicines.(31) The use of oral insulin sensitizers, on the other 
hand, was not linked to falls. TZD and metformin, for example, 
have not been demonstrated to raise the risk of falling.(32) TZD, 
on the other hand, has been linked to increased fracture risks 
in DM individuals due to decreased bone tissue growth and 
hastened loss of bone tissues. Individuals who took dipeptidyl 
peptidase-4 inhibitors or glucagon-like peptide-1 analogs had 
no risk of falling.(33)

Insulin and glycemic management induced falling
Insulin-treated DM individuals were more likely 

to fall throughout the events of hypoglycemia, according 
to R.Kennedy. It was also discovered that insulin-treated 
individuals were more likely to break a bone as a result of 
falling.(34)

When non-insulin-dependent individuals were compared 
with insulin-dependent patients, the accident rates in insulin-
dependent individuals were considerably higher. Insulin-treated 
individuals had the following characteristics: predominance of 
women, the elderly, and persons who had spent more time in the 
hospital. The fractures were mostly found around the periphery 
of the body. When compared to males, females also had a 
greater possibility of getting bone fractures during falling.(35) 

DM individuals were shown to have a substantially greater rate 
of repeated falls. The number of drugs used, increasing intensity 
of discomfort, impaired grip strength, physical exercise, and 
disturbed cognition were all issues that contributed to increased 
falling risks. The relevance of glycemic control has been 
debated as a risk factor for falling.(18) 

Researchers have investigated factors associated with 
DM individuals’ falling and found that those who were poorly 
controlled were more susceptible to falling.(8) Falling in older 
individuals with DM, whether they have hypoglycemia or 
not, is prevalent, accounting for up to 31% of all recorded 
occurrences each year. Hemoglobin A1c (HbA1c) levels had 
no effect on the risks of falling in individuals who did not 
use insulin therapy. Individuals with HbA1c of less than 6% 
and those on insulin, on the other hand, were shown to be at 
a higher risk of falling. The importance of controlling HbA1c 
levels in DM management cannot be overstated. Regulating 
HbA1c could aid in delaying the long-term consequences 
linked with DM, resulting in weight loss.(19)

Diabetic microcirculation problems
One of the associated reasons for falling is identified 

as peripheral neuropathy. In diabetics with peripheral 
neuropathy, postural instability has been proven to cause 
falls.(36,37) Poor clearance of creatinine was established as an 
indirect, associated reason for falling.(38) Also associated with 
falling in DM individuals are microcirculation problems, poor 
kidney performance, peripheral nerve dysfunction, and visual 
disturbance.(38)

It was also discovered that falling-induced bone 
fractures occurred in older women even when they did not 
have incontinence of urine. It was theorized that prompt 
detection and incontinence management may assist older 
persons to avoid falling. Urinary frequency in older people is 
commonly known to be difficult to manage, because they tend 
to hurry to bathrooms to avoid incontinence disorder, making 
them prone to falling.(39)

Neuropathy and sensory dysfunction
Falling in DM individuals is caused mostly by sensory 

dysfunction-related neuropathy. Diabetic neuropathy affects 
around half of all diabetics, impairing their quality of life 
and raising their mortality risk.(40) Neuropathy affects many 
sections of the autonomic and somatic nervous systems, 
whether large or small nerve fibers, in DM individuals. Age, 
poor microcirculation, persistent hyperglycemia, and oxidative 
stress are all common risk factors for neuropathy.(41)

In 40% to 100% of diabetic individuals, distal symmetric 
polyneuropathy develops, resulting in peripheral motor and 
sensory dysfunctions. Diabetic polyneuropathy can affect 
balance and walking, increasing the risk of falling in people 
with DM.(40,42) Controlling balance is critical for improving 
mobility, preventing impairment, and regaining independence 
in the elderly.(37)

Balance system dysfunction
Because the balance system is complex, pinpointing 

the source of the problem can be challenging because the 
dysfunction could be produced by one or more motor systems, 
as well as sensory systems, such as somatosensory, vestibular, 
and visual. In order to give an appropriate diagnosis and 
treatment choices, it is necessary to analyze the motor and 
sensory systems that affect balance. Muscle strength and 
balance are primarily affected by neuropathy in the ankle 
and foot, where myelinated sensory and motor nerve fibers 
terminate. In DM individuals with sensory dysfunctions, 
impairment of brain functioning can cause significant changes 
in standing and gait characteristics,(43) such as a decrease in 
gait speed, an increase in postural motion, and a longer step 
duration. Also, whether standing or walking on a rough 
surface, the effect of this impairment is magnified.(44)Non-
fixed carpets and rugs and a slight difference in step height can 
slow reaction time; dorsiflexors weaken, and the capacity to 
prevent falls is lost,(45) increasing the risk of falling threefold. 
Cognitive dysfunction

Falling can be triggered by a variety of causes, including 
motor and sensory dysfunctions, as well as a disruption in 
cognitive function, which impairs functional performance and 
bodily stability. According to the American Geriatrics Society, 
over 60% of older persons with cognitive dysfunction are at risk 
of falling every year.(46) Falling in older people is linked to brain 
changes (pre-frontal cortex) that disrupt the executive control 
network.(47) When assessing gait performance in individuals 
with cognitive impairment, it was discovered that changes in 
stride time are frequently linked to executive dysfunctions.(48)

Cognitive impairment can alter a person’s perceptions of 
environmental risks and induce instability, which can lead to 
a fear of falling and a reduction in everyday activities.(49) Fear 
of falling lowers self-esteem, limits movement and aerobic 



476                                        W. K. Abdelbasset / International Journal of Biomedicine 11(4) (2021) 473-479

capacity, and increases the risk of falling. Despite the fact that 
many older persons are aware of the benefits of physical activity 
for boosting health and reducing the risk of falls, a significant 
number of those who have a high fear of falling avoid physical 
activities even if they are free of ailments or medical concerns. 
As a result, fear of falling is regarded as a crucial predisposing 
factor when assessing the risk of falling.(50)

Physical exercise and falling among elderly with DM
Repeated and sustained action of large muscle groups 

is required for aerobic exercise.(51) Aerobic energy-producing 
systems are generally used in activities like walking, cycling, 
running, and swimming. Elastic resistance therabands, weight 
devices, and free weights are all examples of resistance 
(strength) training. Joint range of motion is improved by 
flexibility exercises.(41) Exercises that improve balance and 
avoid falls are beneficial to one’s gait. Flexibility, balance, and 
resistance are all combined in physical activities such as yoga 
and tai chi.(52)

Aerobic exercise
Aerobic exercise improves oxidative enzymes, insulin 

sensitivity, mitochondrial density, blood vessel compliance 
and responsiveness, cardiac output, pulmonary functions, and 
immunological performance.(53-56) In both types of DM, T1DM 
and T2DM, moderate to high levels of aerobic activity are 
linked to significantly decreased cardiovascular and overall 
mortality risks.(57) Aerobic training improves cardiorespiratory 
fitness, insulin resistance, endothelial functions, and levels 
of lipids in T1DM individuals.(58) Regular physical exercises 
lower insulin resistance, lipids, blood pressure, and HA1C 
in T2DM individuals.(53) High-intensity interval exercise 
leads to rapid improvements in insulin sensitivity, oxidative 
capacity of skeletal muscles, and control of glycemia in T2DM 
individuals,(59,60) and could be completed with no effects on 
blood glucose level.(61)

Resistance exercise
Impaired muscle strength and a rapid loss in muscular 

performance are also risk factors for DM.(62) Improvement in 
insulin sensitivity, blood lipids, body composition, bone density, 
blood pressure, muscle strength and mass, physical and mental 
functions, and cardiovascular well-being are all strong healthy 
points of resistance exercise.(63) It is uncertain how resistance 
exercise affects glucose control in T1DM individuals.(61) 

Resistance exercise, on the other hand, can help people with 
T1DM reduce their risk of hypoglycemia caused by exercise. 
When aerobic and resistance exercises are combined in a single 
workout, resistance training is performed first, which results in 
less hypoglycemia than aerobic activity.(64) Insulin resistance, 
blood glucose levels, blood pressure, muscle strength, lean 
mass, and fat mass are all improved with resistance exercise for 
T2DM individuals.(65)

Balance and flexibility exercise
Balance and flexibility training are likely to be beneficial 

for DM seniors. The production of advanced glycation end 
products, which accumulate throughout the aging process 
and are increased with increased blood glucose levels, is 
one of the most common causes of limited joint mobility. 
Stretching improves joint flexibility and range of motion but 
has little effect on blood sugar management.(66) Even if you have 

peripheral neuropathy, balance training can help you avoid 
falling by improving your balance and stride. Mixed exercise 
therapies (balance and resistance exercises, tai chi sessions) 
have been shown to prevent falls by 229%. Alternative 
exercise forms, such as tai chi and yoga, are less well-studied, 
though yoga has been shown to enhance the management of 
body composition, hyperglycemia, and blood lipids in T2DM 
individuals. While studies on balance and flexibility exercises 
are limited, tai chi exercise could enhance good balance, reduce 
diabetic neuropathy, and improve life quality in neuropathic 
DM individuals.(66,67)

A large clinical study compared a lifestyle modification 
to DM support and educational groups in T2DM elderly 
individuals. In the lifestyle modification group, a minor 
nutritional energy shortage and unsupervised exercise for a 
minimum of 175 min a week were the targets of the intervention, 
which aimed for a weight loss of at least 7%. Both groups had 
a similar number of major cardiovascular events, presumably 
because the diabetic support and education group used more 
cardioprotective drugs.(68)

Lifestyle modification
The focused lifestyle modification showed higher 

satisfactory progress in weight loss, blood lipids, blood 
pressure, cardiorespiratory condition, and blood glucose 
level with less medical treatment, as well as decreasing sleep 
disturbance, knee pain, DM retinopathy, kidney dysfunction, 
sexual problems, depression, and urinary incontinence, and 
improving the preservation of bodily flexibility and quality 
of life. Pi-Sunyer  discovered very significant evidence of 
increased health advantages from a strict change in lifestyle.(69)

A systematic review on T2DM individuals found that 
aerobic exercise reduced HA1C more (by 20.18%) than 
resistance exercise, but heart disease risk biomarkers were not 
lowered.(70) Furthermore, physical activity enhanced glycemic 
control in diabetics, especially when done for at least 150 
minutes per week. In persons with T2DM, strength training (free 
weights or weightlifting) improved physical infrastructure by 
around 50%(24) and lowered HA1C by 0.57%.(71) Combination 
training was preferable to either training program when it comes 
to glucose control.(72) T2DM older individuals should preferably 
engage in both resistance and aerobic exercises to achieve the 
best glycemic control and health results.

Conclusion
Both DM and aging have an effect on gait behavior, 

balance, muscle performance, and other medical complications 
related to the development of diabetic neuropathy, hypoglycemia, 
hypotension, cognitive impairment, pain, disturbed 
proprioceptions, and polypharmacy. Because falls are so common 
during activities, it is critical to figure out what elements influence 
balance and walking activity. Multi-medications, cognitive 
dysfunction, dementia, urinary incontinence, depression status, 
and hypoglycemia are just some of the issues that can affect the 
elements of controlling balance directly during motion. Others, 
such as multi-medications, cognitive dysfunction, dementia, 
urinary incontinence, depression status, and hypoglycemia, can 
affect balance control indirectly by disrupting posture mobility. 
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Physiological concerns, such as muscle strength and balance 
control, can also be effectively addressed through a variety 
of exercise programs. Exercise training has been shown to 
increase body performance and reduce joint discomfort, as well 
as improve psychological status and quality of life, muscular 
strength and balance, lower the chance of falling, and improve 
overall health in the aged and older adults.(73,74)

Aerobic exercise should be paired with therapeutic 
nutrition, according to studies on frailty in the aged 
population.(75) Despite the fact that many studies have shown 
that balance training can reduce the risk of falling in older 
people,(76) only a few studies have shown that this sort of 
exercise can enhance balance and gait pattern and lower 
the risk of falling in DM individuals. In addition, balance 
exercise may enhance gait and posture.(52,77)

Furthermore, physical activity has been shown to 
increase reaction speed, sensory perceptions, muscular 
strength, and sensory responses in the distal extremities, 
sympathetic/parasympathetic balance, neuropathy symptoms, 
nerve function, and cutaneous innervations.(77,78)
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