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Introduction 

Falls are a serious public health issue that contributes to 

substantial morbidity and mortality in older people. A fall 

for many people has adverse consequences, including 

loss of independent living and decreased functioning in 

daily life. Physical consequences can include minor 

injuries such as lacerations, bruises, abrasions, and other 

soft tissue injuries or major injuries such as lacerations  

 

 

 

 

 

 

requiring suture, dislocations, sprains, and fractures. 

WHO data indicate 37.3 million falls occur each year that 

are severe enough to require medical attention (1), 

resulting in an enormous economic burden. For example, 

WHO data indicate the average cost per fall injury is 

US$3611 in the Republic of Finland and US$1049 in 

Australia, for people aged 65 years or older (1). Finally, 

falls are the second leading cause of accidental or 

unintentional injury deaths worldwide (1). The WHO 

There is an increasing prevalence of diabetes mellitus (DM) and diabetic peripheral neuropathy (DPN) in older people in 

many countries across the world. Older adults with type 2 DM have a significantly higher incidence of falls compared with 

their counterparts without DM. This review synthesize published findings on sensorimotor, cognitive, balance and mobility 

impairments, and their associations with falls in people with DM and DPN. Given the high incidence of falls and resulting 

serious consequences, systematically assessing fall risk in people with DM may optimize fall prevention strategies and reduce 

the associated morbidity, mortality and the rehabilitation costs for people with these conditions. These findings indicate 

balance, gait, sensorimotor and cognitive assessments should be administered to DM patients, especially in those with DPN, 

to document impairment levels and target interventions to reduce falls and associated morbidity, mortality and rehabilitation 

costs. 
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estimated that 646,000 individuals die from falls each 

year, and of these more than 80% occur in low and 

middle income countries (1).  

 

Diabetes mellitus (DM) in older people is also a major 

health care problem. WHO data indicates global 

prevalence of diabetes among adults over 18 years of age 

8.5% in 2014 (2). DM affects approximately 16.1% of 

people aged over 65 years in 1999 (3) and has major 

impacts on sufferers and health care systems. The total 

estimated cost of DM in United States for diagnosed 

diabetes in 2017 is $327 billion, which include $237 

billion for direct medical costs and $90 billion due to 

reduced productivity (4). It is estimated that 366 million 

people had DM in 2011, by 2030 this would have risen 

to 552 million with changing demography and higher 

rates of diagnosis (5).  

 

DM is a reported risk factor for falls (6, 7). The annual 

prevalence of falls in people with DM is estimated to be 

35% for those over 55 years (8) and 39% for those over 

65 years (9). Tilling, Darawil, & Britto (9) also found a high 

rate of falls in patients with DM and especially in those 

with poorly controlled diabetes and associated 

complications, and Chiba at al. reported older people 

with type 2 DM to be twice as likely to suffer falls 

compared to control subjects (10). 

 

Diabetic peripheral neuropathy (DPN) is a common late 

chronic complication and a major factor that reduces 

quality of life of people with DM (11). DPN affects up to 

50% of people with DM and usually starts with damage 

to the peripheral sensory nerves which progresses to 

motor and autonomic nerves (12, 13). It causes progressive 

loss of vibratory, thermal, tactile, and proprioceptive 

sensitivities (14), and these deficits can impair postural 

control, with several studies reporting a significant 

association between DPN severity and risk of falls (15, 16). 

In fact, one study reported people with DPN are 15 times 

more likely to experience a fall compared to healthy 

controls (17). Several studies have explored reasons for 

increased fall risk in people with DM, with several 

reporting a high prevalence of balance and gait 

impairments (18, 19). However, a recent review (20), has also 

emphasized the importance of establishing the 

relationships between DM-related declines in 

sensorimotor and cognitive systems and falls. The 

objective of this review is to synthesize physical, 

neurological and cognitive fall risk factors in people with 

DM and DPN. This information would be valuable for 

identifying key test measures for inclusion in fall risk 

assessments for these groups. 

 

 

 

 

Method 
 

The two main key words used for the literature search 

were Diabetes mellitus AND falls. Additional keywords 

used included “diabetic neuropathy”, “balance”, “gait”, 

“strength”, “cognitive impairment”, “sensory 

impairment” or “risk of falls”. The following databases 

were searched: PubMed, Medline (Web of Science), 

Medline Ovid and Google scholar. A manual search was 

also performed using the reference lists of included 

articles in order to obtain additional articles. Searches 

were limited to articles in the English Language, 

published between 1975 and 2019.  

 

Results and Discussion 
 

Six thousand seven hundred articles containing both DM 

and fall risk factors were identified. From these, non-

relevant articles were excluded, based on title and abstract 

screening performed independently by the first two 

authors. Pilot studies, short communications, 

duplications, articles not published in peer review 

journals, and articles not written in English were 

excluded at this stage. One hundred and sixty eight 

articles were considered relevant and of these, sixty seven 

articles were considered to be suitable and of sufficient 

scientific quality to merit inclusion in this narrative 

review. 

 

1. Sensation 

The peripheral nervous system in people with DM is 

affected by distal and sensory predominant nerve fiber 

degeneration, axonal loss and endoneurial 

microangiopathy (21, 22). Delayed nerve conduction is the 

earliest functional change and segmental demyelization 

caused by damage to Schwann cells is the earliest 

histological change in DPN (23). Both small and large 

diameter neural fibers are affected in DPN (24). Large 

fibers are affected in the later stages of the disease and 

result in muscle atrophy, musculoskeletal impairments 

and autonomic dysfunction (25). Although the axons are 

preserved in early stages, irreversible axonal degeneration 

develops later on. The feet are mostly affected by sensory 

and motor complications in diabetic people (26). The 

superficial nerves and the deep peroneal, sura and medial 

plantar nerves, in that sequence, are the first to be 

affected (27). This can lead to reduced ankle range of 

motion and deformation of the feet (28). Other common 

symptoms of DPN are tingling, pain, numbness and 

weakness in the feet and hands (29). DPN leads to the loss 

of distal proprioception and impaired muscle and 

autonomic functions, leading to instability (30).  
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2. Strength 

Older people with DM, both with and without DPN, 

have decreased maximal lower limb muscle strength and 

this is associated with impaired mobility (31, 32). 

Andreassen, Jakobsen & Andersen (32) found that ankle 

muscle strength was significantly reduced in people with 

DPN when compared with matched non-neuropathic 

and asymptomatic controls with neuropathy, further it 

has been reported that decreased ankle dorsiflexion 

strength is a risk factor for falls in people with DM (8). 

People with DPN are less able to quickly generate muscle 

force and have altered muscle activation timings at the 

ankle and knee compared to control subjects during stair 

climbing and descending (33); possibly due to a 

combination of reduced sensory and motor function as a 

result of polyneuropathy (33).  

Atrophy of the ankle extensor and the tibialis anterior 

muscles and alteration of the collagen structure in the 

fasciae and muscle tendons due to collagen glycosylation 

significantly impair muscle strength (34). Weak intrinsic 

foot muscles with a resultant imbalance between flexors 

and extensors of the toes are also thought to be 

responsible for most of the lower extremity 

complications of people with DM (35). DPN can also lead 

to foot disarrangement, flat feet (36) and foot ulceration 
(37). 

3. Cognitive impairment  

Cognition comprises several domains including executive 

functions, processing speed, attention, psychomotor 

speed, memory and visuospatial function. Among these, 

executive functions, speed of processing and 

psychomotor speed are significantly associated with falls 

in older adults (38, 39). In addition, executive function is a 

predictor of falls and fall-related risk factors (40). 

Approximately 60% of cognitively impaired older adults 

fall each year, twofold more than that observed among 

cognitively intact older adults (41, 42). High rates of falls 

among people with dementia with intact motor 

performances emphasize the importance of impaired 

cognition as a risk factor for falls (43).  

The prevalence of dementia is higher in people with DM 

than non‐DM subjects (44), and it has been suggested that 

glucose metabolism abnormalities including 

hyperglycemia and hypoglycemia, and insulin action 

abnormalities such as insulin deficiency and insulin 

resistance are related with cognitive impairment in people 

with DM (44). 

People with type 2 DM have reduced performance in 

several cognitive domains: psychomotor speed (45), frontal 

lobe/executive function (45, 46), verbal memory (47), 

processing speed (47), complex motor functioning (45), 

working memory (46), immediate and delayed recall (48), 

verbal fluency (45), visual retention (49), and attention (50). 

Rucker et al. (51) found that verbal, visuospatial and multi-

tasking measures of executive function were significantly 

impaired in adults with DPN. People with DPN may also 

have an increased risk for global cognitive decline, 

impairment of verbal short term memory, delayed recall 

and visual retention of information (52). However, Moreira 

et al. (53) suggested that these cognitive impairments are 

not related to the presence and/or severity of DPN as no 

difference in all cognitive tests could be found between 

people with and without DPN. In addition no correlation 

was found among neuropathy disability score (NDS), 

neuropathy symptom score (NSS) and any of the 

cognitive assessments (53).  

Cognitive impairment is associated with multiple falls in 

people with DM (10). However, in a recent review, 

Hewston and Deshpande (20) contend diabetes-related 

declines in cognition have not yet been adequately 

examined as causal factors for increased fall risk in older 

people with DM. It is unclear which component of 

cognition should be tested, or whether a disease specific 

diagnosis such as dementia or mild cognitive impairment, 

or measures of global cognitive functions or specific 

cognitive domains such as executive functions would be 

more useful in a fall risk assessment (43).  

4. Balance  

Balance performance depends on the interaction of 

multiple sensory, motor, and integrative systems. The 

primary contributors to stability are hand and foot 

reaction time, vestibular function (visual field 

dependence), vision (visual acuity, contrast sensitivity), 

peripheral sensation (tactile sensitivity, vibration sense, 

proprioception), and muscle force (knee flexion and 

extension, ankle dorsiflexion) (54). Aging causes the 

deterioration of all these physiological functions; hence 

the risk of falls increases in older adults (55). In addition to 

the normal aging process, DM and DPN further 

deteriorate sensory, motor and integrative systems 

function, further increasing the risk of falls. People with 

DM, both with and without DPN, have deficits in 

postural control and functional strength compared with 

age-matched healthy controls (56).Poor balance has been 

identified as a strong risk factor for falls in people with 

DM and DPN (18), with impairments in somatosensory, 

visual, vestibular systems and cognitive impairment 

considered major reasons for impaired balance in elderly 

people with DPN (4). Further, a lack of sensory feedback 

cueing may occur in DPN which contributes to reduced 

postural control (18). DPN patients tend to adopt a rigid 

postural control strategy once they perceive increased 

sway (18), and this adaptive strategy is associated with the 

level of neuropathy and history of DM (18). 

http://diabetes.diabetesjournals.org/search?author1=Christer+S.+Andreassen&sortspec=date&submit=Submit
http://diabetes.diabetesjournals.org/search?author1=Johannes+Jakobsen&sortspec=date&submit=Submit
http://diabetes.diabetesjournals.org/search?author1=Henning+Andersen&sortspec=date&submit=Submit
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DPN people are more prone to falls while walking, 

indicating they have poorer dynamic balance than control 

subjects (57). Brown et al. (58) found balance is reduced in 

people with DPN during level ground walking, stair 

ascent and stair descent, and noted maximum and range 

of separations of center of mass from center of pressure 

in the medial-lateral plane during activities of stair 

descent, stair ascent, and level walking in DPN patients 

compared to controls (58). Interestingly, there was no 

difference in separations of center of mass from center 

of pressure detected in people with DM engaged in the 

above activities (58). This may help explain why the DPN 

patients have impaired lateral balance and an increased 

number of sideways falls. 

Loss of proprioception inputs may directly affect the 

ability to stabilize body equilibrium during quite stance 

and when experiencing unexpected perturbations (54, 55). 

Postural sway is increased in people with DPN especially 

when the eyes are closed (56, 59). In fact, Lafond et al. (60) 

have found postural sway with eyes open in elderly 

diabetic neuropathy people is comparable to postural 

sway with eyes closed of healthy adults. It has also been 

reported lateral, but no anteroposterior, sway is 

significantly increased in people with DM and diabetic 

neuropathy compared to control subjects. And that DPN 

patients tend to use hip strategies rather than the ankle 

strategies for balance tests when they are deprived of 

visual inputs (61).  

Finally, a study by Ghanavati et al. (62) indicates people 

with DPN have significantly decreased functional 

balance contributing to falls during activities of daily 

living (62). They found that compared with healthy peers, 

people with DPN performed significantly worse in the 

Berg balance tasks of single leg stance, tandem standing 

and forward reaching, standing unsupported with feet 

together, sit to stand, stand to sit, transfers, standing 

unsupported with closed eyes, and placing the alternative 

foot on step while standing unsupported. 

5 Gait 

Older adults with DM have altered gait patterns, 

especially if they have developed  DPN, and this 

leads to an increased risk of falls (19). During gait, planter 

flexion peak torques and ankle range of motion in people 

with DPN are reduced compared to aged matched 

healthy controls (63). Joint mobility in trunk and lower 

limb are similarly reduced in people with DM, with or 

without DPN in each gait plane (64). People with DM have 

reduced lower limb joint ranges that are more 

pronounced in people with DPN (52). Joint moment and 

velocity are also significantly impaired in both groups (64), 

time pattern changes of the forces transmitted through 

the foot and increases in the vertical forces through the 

heel is altered in people with DPN (65).  

Even though people with DPN exhibit a more 

conservative gait pattern, they have an impaired ability to 

stabilize their body when walking on irregular surfaces 

that might further increase their risk of falling (66). 

People with DM exhibit significantly slower walking 

velocity with a wider stance both in linear walking and 

when turning (67). Slower walking speed has been found 

to be a strong predictor of falls (8). Decreased lower limb 

isometric maximal strength, fear of falling and the 

severity of neuropathy may explain the slower gait speed 

of people with DM (68). DPN people adopt a slower 

walking pattern and show an increase in locomotor 

variability compared to controls (69). However, it has been 

suggested this increase in gait variability is associated with 

self-selected walking speed and not directly related to 

sensory loss (69).  

 

A recent review by Mustapa et al. (4) investigated gait and 

postural characteristics inherent to DPN people. Gait 

analysis showed that people with DPN have smaller step 

lengths, reduced duration of single support, higher 

duration of double support, decreased gait velocity, 

lowered cadence, increased step width-to-step length 

ratio, increased step time and step time variability and 

greater gait variability (4). Gait patterns in people with 

DPN, DM without DPN and healthy individuals have 

also been investigated in real life conditions (68). 

Irrespective of presence or absence of DPN, people with 

DM demonstrated decreased gait capacity and increased 

fall risk (68). Finally, it was found that both physiological 

(strength and proprioception) and cognitive–behavioral 

factors (fear of falling) are associated with gait changes in 

DM people; factors that should be considered when 

developing fall prevention programs (70). 

 

Conclusions 
 

DM impairs lower limb sensation, balance, gait and 

cognitive processing and is a significant risk factor for 

falls. People with DPN have impaired dynamic and 

functional balance with increased mediolateral sway in 

this group identified as a risk factor for sideway falls. Gait 

changes of people with DM are associated with physical 

(strength and proprioception), cognitive–behavioral 

factors (fear of falling) and DPN severity. Thus fall 

prevention programs should focus not only on physical 

factors, but also on cognitive and neurological factors. 

DM people would benefit from an assessment of their 

risk of falling using an assessment tool which specifically 

addresses DPN severity, balance, gait and cognitive 

processing. The development of a fall risk assessment 

tool for people with DM may be of particular benefit, not 

only for identifying those at risk of falling, but also for 

documenting the degree of impairments across the 

multiple domains affected by DM. Further studies should 

also focus on identifying the cognitive domains most 
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affected by DM and DPN with the aim of including with 

appropriate cognitive tests within the fall risk assessment 

tool. Such systematic assessment of fall risk may optimize 

fall prevention strategies and reduce the associated 

morbidity, mortality and the rehabilitation costs for 

people with DM and DPN. 

 

Practice points: 

 

Patients with DM should be screened for DPN regularly 

and more frequently when they have developed tingling, 

pain, numbness and weakness in their feet and hands. 

Cognitive functions should be assessed in people with 

DM when they are screened for risk of falls. 

 

Cognitive assessment of people with DM should be 

undertaken with a tool which can assess the relevant 

domains of cognition. 

 

Balance assessment including tests of dynamic balance 

should be conducted on DPN patients. 

 

If deficits in proprioception, vestibular function or lower 

extremity muscle strength in DPN are detected, it is 

important to test balance abilities and suggest measures 

to improve dynamic balance in order to prevent future 

falls. 

 

Fall risk screening should be performed in people with 

DM especially of those with slower walking speed. 

 

Lower limb isometric maximal muscle strength, fear of 

falling and the severity of neuropathy should be checked 

in people with DM in particular if they have a slow 

walking speed. 

People with DM should be assessed for their lower limb 

muscle strength, especially if they have a history of falls. 

Foot deformities in people with DM should be screened 

regularly. 
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