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Abstract

Background-Older adults with type-2 diabetes mellitus (DM) have high incidence of falls. The aim of this study
was to compare sensorimotor functions balance, mobility, fear of falling and fall history in older people with
DM (with and without neuropathy) and non-diabetic healthy controls.

Methods-We enrolled 153 participants aged 50-70years; 51 people with diabetic peripheral neuropathy (D-PN),
52 with diabetes without neuropathy (D-noPN) and 50 healthy controls (HC). Participants completed a fear of
falling assessment and detailed test battery comprising sensorimotor functions, lower limb strength, contrast
vision, reaction time, balance and mobility from which a composite physiological fall risk score was derived
(PFRS). In addition, a fall history of the past three months was recorded.

Results-Post-hoc comparisons of ANOVA test revealed the D-PN had significant deficits than the other two
groups in tests of lower limb sensation, knee extension strength, reaction time, postural sway, one leg standing,
sit-to-stand and the timed up and go test. The D-PN had the highest fear of falling (30.18+6.75) and the highest
PFRS (1.68+1.13). PFRS for the D-noPN (0.74+0.80) were intermediate between HC (0.49+0.96) and DP-N
groups. Thirty-four D-PN participants (66.7%), 19 D-noPN participants (36.5%) and 7 HC (14.0%) reported one
or more falls in the past three months; Chi2 test for trend =28.1,df=2,p<0.001).

Conclusions-Older people with diabetic neuropathy have impaired sensorimotor function, balance, mobility, and
associated increased fear of falling and fall rates. This population may benefit from fall risk assessments
involving the above measures, and subsequent interventions targeted to deficits amenable to correction.
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1. Introduction

Diabetes mellitus (DM) affects approximately 8.5% of people aged over 18 years [1] and more than 16% of
people aged over 65 years [2]. With changing demography and higher rates of diagnosis, the prevalence of DM
is expected to increase from 366 million in 2011 to 553 million in 2030 [3]. DM was previously considered as a
disease of the developed world, but has now become a global epidemic, with two thirds of the world diabetic
population living in the developing countries [4]. Sri Lanka is no exception: with prevalence studies undertaken
over the past 30 years showing a relentless upward surge of DM in both urban and rural districts. In
consequence, DM is having major impacts on sufferers and the health care system. A study carried out in 2005
in adults aged between 35 and 65 years in four provinces in Sri Lanka reported the prevalence of DM as 14.2%
in men and 13.5% in women [5]. According to Sri Lanka Diabetes and Cardiovascular Study (SLDCS) which
was carried out in the same year (i.e. 2005), the national prevalence of diabetes mellitus in Sri Lanka was 10.3%
[6]. The SLDCS also reported that one in five adults in Sri Lanka has either diabetes or pre-diabetes and one-
third of those with diabetes were undiagnosed [6].

Diabetic peripheral neuropathy (D-PN) is a common and costly chronic complication and a major factor that
reduces mobility and quality of life of DM patients [7]. D-PN affects up to 50% of people with DM and usually
starts with damage to the peripheral sensory nerves which progresses later to motor and autonomic nerves [8, 9].
National prevalence of D-PN in 2012, according to diabetic neuropathy symptom score among all patients,
patients with already established diabetes and newly diagnosed patients were 48.1%, 59.1% and 28.8%
respectively [10]. Diabetic neuropathy causes progressive loss of proprioception, reflexes and lower limb
strength which lead to increased postural instability [11]. Studies have reported a significant association between
D-PN severity and fall risk [12, 13] with one study reporting that people with DPN are 15 times more likely to
experience a fall compared to healthy controls [14].

Risk factors in DM, and particularly for those with neuropathy, extend well beyond sensory loss. Previous
studies have found that in addition to sensory loss and advanced disease status [15], muscle weakness [16],
increased postural sway [17], gait and mobility impairments [18, 19] and fear of falling [15] increase fall risk in
people with DM. Further, older people with DM have increased risks of frailty and osteoporosis with subsequent
increased morbidity and mortality associated with fall-related fractures [20-23]. Therefore fall prevention is a
high priority for this population. However, previous studies have used only a limited range of tests to assess
potential risk factors for falls, and many have used expensive high tech equipment that is unavailable in most
clinical settings throughout the world.



Therefore, the aim of this cross sectional comparative study was to compare a broad set of sensorimotor, balance
and functional mobility measures in community-living people with DM (with and without diagnosed peripheral
neuropathy) and people without DM. We hypothesized that those with DM would have multiple physiological
and functional impairments and significantly increased composite physiological fall risk scores, and this would
be particularly the case for those with diabetic peripheral neuropathy. The study findings may elucidate
explanatory and modifiable risk factors for falls in people with DM.

2. Materials and Methods
2.1 Participants

One hundred fifty three participants (n=153; females=68) comprised the study sample: 51 with diabetic
peripheral neuropathy (D-PN group), 52 with non-neuropathic diabetes (D-noPN group) and 50 without diabetes
(healthy control (HC) group). The participants with diabetes were recruited from Endocrinology clinics at the
National Hospital, Colombo, Sri Lanka. The 50 HC participants were also recruited from the National Hospital
(hospital and university staff, non-diabetic patients) and through community sources. Assessments were
performed in the Neurophysiology laboratory at the Faculty of Medicine, University of Colombo. We based our
sample size calculation on detecting differences in the proportion of fallers among the groups. This revealed 47
participants per group were required to detect as significant at the 5% level (one-sided) and 80% power, twice
the proportion of fallers in the DM groups (i.e. 50%) compared with the HC group (i.e. 25%).

An endocrinologist examined all participants with diabetes. Peripheral neuropathy was confirmed using
validated symptom scores and examination scores for D-PN — see neuropathy assessment below in 2.3.1. HbAlc
tests were used to assess glycemic control in the D-PN and D-noPN groups and exclude undiagnosed diabetes in
the HC group.

Inclusion criteria for the diabetes groups included having diabetes more than five years, aged 50-70 years, living
in the community, being able to understand instructions and able to ambulate household distances without an
assistive device. Participants in all groups with significant central nervous system dysfunctions, musculoskeletal
deformity or lower limb pathologies that affect balance were excluded.

Ethics approval was obtained from the Ethics Review Committee of the Faculty of Medicine, University of
Colombo, Sri Lanka and from the National Hospital Colombo, Sri Lanka. Informed verbal and written consent
was obtained from all the participants prior to study participation. The study was designed and conducted in
compliance with the Declaration of Helsinki.

a. Anthropometric, demographic and medical measures

Anthropometric, demographic and medical information were obtained by means of an interviewer administered
questionnaire and clinical examination. Fear of falling was assessed with the lcon-FES [24]. The shortened
version of Icon-FES scale is an interview-based questionnaire using a combination of pictures and matching
short phrases. Icon-FES provides information on level of concern about falls for a range of activities of daily
living. The shortened Icon-FES version contains 10 items scored on a 4-point scale (1 = not at all concerned to 4
= very concerned).

b. Physical assessments

i. Neuropathy and lower limb sensation

Diabetic Neuropathy Symptom (DNS) [25] and Diabetic Neuropathy Examination (DNE) [25] scores were used
for diagnosing diabetic polyneuropathy. The DNS score comprises four items: symptoms of unsteadiness in
walking, neuropathic pain, paraesthesia and numbness. Each symptom is scored as 1 point with a score of 1 is
sufficient to indicate D-PN. The DNE score contains two items concerning muscle strength, one concerning
reflexes and five concerning sensation. Each item is scored from 0 (normal) to 2 (2 severely disturbed). The
maximum score is 16 points, and a score >3 points is indicative of D-PN.

Nerve conduction studies of tibial and sural nerve velocity, amplitude and latency values were assessed by a
neurophysiologist using a Natus Xltek nerve conduction device (Koll Center Parkway Suite, Pleasanton, CA,



USA) [25]. Vibration perception thresholds of the big toe were measured using a Biothesiometer (Bio Medical
Instrument co, Ohio, USA) [25].

Tactile sensitivity was assessed with a Semmes-Weinstein pressure aesthesiometer comprising 20 nylon
filaments of equal length with varying diameter [25]. The filaments were applied to the center of the lateral
malleolus, and pressure measurements were expressed as logarithms of the bending force in milligrams. Lower
limb proprioception was measured using a lower limb matching task with participants sitting and eyes closed.
Errors in matching the great toes were recorded using a protractor inscribed on a vertical clear acrylic sheet
(60x60x1cm) placed between the legs [26].

ii. Muscle strength

Maximal isometric quadriceps strength was measured in both legs while participants were seated on a high chair
(so that feet did not touch the floor) with the hips and knees flexed to 90° [26]. A strain gauge was fixed
horizontally with straps on the lower shin, after which the participant was given three attempts with the
dominant leg to push against the strap as forcefully as possible. In addition, the five time sit to stand test was
administered [27]. Participants were given a test trial and then the second trial was taken as the test result.

iii. Balance and Gait

Postural sway was assessed using a sway meter that measured displacements of the body at the level of the
waist. Testing was performed with participants standing on the floor and on a foam rubber mat (40x40x15cm
thick) with eyes open and closed [26]. Sway path (number of mm squares traversed by the sway meter pen) for
each 30 s test was recorded. Standing balance was also assessed by timing how long participants could stand on
one leg maximum of 30 seconds [24]. Functional mobility was assessed with the Timed Up and Go (TUG) test
[29]. Participants were asked to rise from a chair, walk forward three meters at their usual walking pace, turn
180 degrees, walk back to the chair and sit down. The TUG time was obtained by timing how long a participant
took to complete the whole process.

iv. Contrast vision and reaction time

Visual contrast sensitivity was assessed using the Melbourne Edge Test, which presents 20 circular patches
containing edges with reducing contrast [26]. Correct identification of the orientation of the edge on the patches
provides a measure of contrast sensitivity in decibel units, where 1 dB = 10 log10 contrast. Simple reaction time
in milliseconds was assessed using a light as a stimulus and a button press as the response [26].

v. Physiological fall risk

Physiological fall risk was estimated using the Physiological Profile Assessment (PPA) [26] which comprises
five of the above physical tests evaluating key functions of the human balance system: lower limb
proprioception, visual contrast sensitivity, knee extension strength, simple reaction time and postural sway when
standing on a compliant surface [25, 26]. The five PPA components were weighted to compute a composite PPA
fall risk score expressed in standard (z-score) units, with high scores indicating poorer physical performance. In
multivariate models, weighted contributions from these five variables provide a fall risk score that can predict
community-dwelling older Caucasian people at risk of multiple falling over a 12-month period with 75%
accuracy [30].

c. Falls

Falls were defined as unexpected events which resulted in the participant unintentionally coming to the ground,
floor or other lower level [31]. Participants who reported one or more falls in the past three months were defined
as fallers.

d. Statistical analysis

Variables with right skewed distributions (tibial nerve velocity, tactile sensitivity, five time sit to stand time,
sway, one leg stand tests and TUG time) were normalized using log transformations. One-way ANOVAs with
Turkey post-hoc test between group comparisons were used in all analyses. Falls status was assessed with the
Chi? test for trend. A 5% limit of significance was applied. Analyses were conducted using SPSS for windows



(IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp.) and Epi Info (Centers for Disease
Control and Prevention in Atlanta, Georgia).

3. Results
3.1 Anthropometric, demographic and medical measures

The D-PN, D-noPN and HC groups were well matched for age, height and weight. The D-PN group had longer
disease duration than the D-noPN group, and both diabetes groups were taking significantly more medications
than the HC group (Table 1). Twenty six D-PN participants (51%) and five D-noPN participants (9.6%) were
insulin-dependent.

a. Lower limb sensation

There were significant differences among the three groups for all four lower limb sensation tests: tibial nerve
conduction velocity (P<0.001), vibration perceptual thresholds (P<0.001), tactile sensitivity (P<0.001) and
proprioception (P<0.001). Post-hoc comparisons indicated both diabetes groups had significantly poorer scores
in all tests compared the HC group, and that the D-PN group had poorer scores than the D-noPN group in the
vibration perceptual threshold and tactile sensitivity tests (Table 1). D-noPN group also have significantly
poorer scores than HC in tibial nerve velocity, vibration perception threshold, proprioception and tactile
sensitivity (Table 1).

b. Muscle strength, Balance, Gait and Reaction time

There were significant differences among the three groups for the simple reaction time (P=0.001), knee
extension strength (P<0.001), five time sit to stand (P<0.001) (Table 2), one leg stand (P<0.001), timed up and
go (P<0.001), sway on foam eyes open and eyes closed tests (Table 3). Post-hoc comparisons indicated both
diabetes groups had significantly slower five time sit to stand times compared the HC group, and that the D-PN
group had poorer scores than both the D-noPN and HC groups in the simple reaction time, knee extension
strength, one leg stand, timed up and go, and sway on foam eyes open and eyes closed tests (Tables 2 and 3).

c. Falls, physiological fall risk and fear of falling

Thirty four D-PN participants (66.7%), 19 D-noPN participants (36.5%) and 7 HC (14.0%) reported one or
more falls in the past three months; Chi? test for trend =28.1, df=2, P<0.001).

Compared with the HC group, the D-noPN and D-PN groups had markedly increased odds of being a faller:
3.54 and 12.3 increased odds respectively. Mean PPA and Icon-FES scores differed significantly among the
groups in the ANOVA, and post hoc analyses revealed that the D-PN group had higher PPA scores than both the
HC and D-noPN groups and that Icon-FES scores differed significantly between each group. The PPA fall risk
profiles for the D-PN and D-noPN groups are presented in Figure 1. These profiles indicate that the D-noPN
groups had a similar profile to the reference group of people without diabetes aged 65 years and over, whereas
the D-PN group had below average scores in the tests of proprioception, knee extension strength, reaction time
and postural sway.

4. Discussion

In this study, we found that sensorimotor, balance and functional mobility measures were impaired in older
people with DM and this more so the case in people with diabetic neuropathy. Specifically, we found that those
with diabetic neuropathy had significantly poorer knee extension strength, reaction time, standing balance and
mobility in addition to lower limb sensory loss. Such deficits across a diverse range of neuromuscular systems
provide insight into why older people with DM are at increased risk of falls.

As expected, the D-PN group exhibited significant loss in all lower limb tests important for sensory integrity:
tibial nerve conduction velocity, vibration perceptual thresholds, tactile sensitivity and proprioception. However,
while the D-noPN group did not have manifested neuropathy they also had significantly impaired sensory loss



in all four sensory measures, compared with the healthy controls. This indicates that there is significant sub-
clinical sensory loss in people with diabetes without manifested neuropathy that may warrant further assessment
and management. These findings align with previous work that has reported impairments in proprioception and
lack of sensory feedback cueing contribute to reduced postural control [32, 33] and impair balance recovery
when people are exposed to unexpected perturbations [34]. Further deleterious effects are evident in people with
D-PN adopting a rigid postural control strategy once they perceive increased sway. This stiffening strategy is
associated with level of neuropathy and history of DM [32].

In addition to sensory loss, previous studies have documented that people with type 2 DM have reduced muscle
mass [35-37], poor functional strength, balance and gait impairments [38]. It has been shown that postural sway
is increased in people with D-PN [39-41] and especially in eye closure test conditions [32, 42]. Some studies
have reported the postural sway with eyes open in older people with D-PN is comparable to postural sway with
eyes closed of healthy adults [34, 40]. Further, D-PN patients tend to use a hip strategy rather than an ankle
strategy for balance tests when they are deprived of visual inputs [43]. We also found that older people with DM
have significant impairments in the physiological domains of strength, reaction time, and balance. It is likely
that this impaired mobility as assessed with the TUG test results from impairments to multiple sensorimotor and
balance domains , as it has been shown these underpin this functional mobility measure [44].

DPN group has increased risk of falls compared to other groups. This elevated risk aligns with previous studies
[12, 13, 45] that have been conducted both retrospectively [13] and prospectively [45]. Increased fall risk was
associated with concomitant increases in concern about falling and physiological fall risk. The PPA profiles
show the D-noPN group had similar test scores to a significantly older (i.e. 65+ years) reference group without
diabetes and the D-PN group had scores below these reference levels indicating impaired functioning (Figure 1).
Further, the average composite PPA score for the D-PN group of 1.68 indicates a marked risk of falls based on
population norms [46].

Strengths of this study include the setting of the study in a developing country in which DM is a serious health
issue, the inclusion of a broad range of sensorimotor and balance measures and the recruitment of large samples
of older community-living people with DM with and without peripheral neuropathy along with a well matched
group of healthy controls. We also acknowledge certain limitations. First, we did not include measures of
executive functioning such as cognition or mood as part of the test battery; factors implicated with fall risk in
older people and clinical groups with balance impairment [47]. Second, falls were ascertained retrospectively.
Further studies with large samples and prospective follow-up for falls are required to develop definitive fall risk
profiles for people with DM.

Our findings reveal that older people with DM, with and without neuropathy, have multiple sensorimotor,
balance and mobility impairments; many of which are amenable to intervention. Most of the assessments used
here comprise simple ‘‘low-tech’” tests with scope for widespread use in clinical settings. The identification of
specific impairments would aid greatly in diabetic management, through education, medication prescription, and
lifestyle modification comprising healthy diets and regular exercise containing balance training. The findings
may facilitate fall prevention initiatives by assisting in the identification of individuals at increased risk of falls
and the initiation of targeted interventions for preventing falls and fractures.

In conclusion, the study findings indicate that older people with DM have impaired sensorimotor function,
balance and mobility, and associated increased fear of falling and fall rates. Older people with DM, and
especially those with neuropathy, would benefit from fall risk assessments involving the above measures, and
subsequent interventions targeted to deficits amenable to correction.
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Figure 1. Physiological falls risk profiles for the D-noPN (panel A) and D-PN (panel B) groups.

Each bar represents a mean Z-score for the two groups based on normative values in community-dwelling
people > 65 [22]. Larger positive or negative Z-scores represent deviation from the general older population,
with negative scores representing poorer performance.
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Table 1. Anthropometric, demographic and medical measures for the D-PN, D-noPN and HC groups

Risk factor D-PN (n=51) D-noPN (n=52) HC (n=50) P value
Demographic/Medical

Age (years) 61.6+6.2 61.5+5.9 59.9+7.3 347
Height (cm) 1568 157+7 159+8 161
Weight (kg) 60.9+10.3 62.6+8.4 62.4+11.4 633
BMI 24.9 25.3 24.6 .594
DM duration 17.5+7.6 11.8+.7.0 0 <.001™
Number of medications 74425 6.3+2.67 1.9+2.9 <.001™
Neuropathy status

Symptom score 2.33+1.12 44+.85 14+.35 <.001™
Examination score 5.33+2.96 1.04+1.33 .20+.49 <.001™

** P<0.001, *P<0.05

Diabetes mellitus duration, number of medications, symptom and examination score were significantly different

among groups.
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Table 2. Sensorimotor test performances for the D-PN, D-noPN and HC groups

Sensorimotor HC D-noPN D-PN F Statistic HC vs D- HCvs. D-PN  D-noPN vs.

function noPN b D-PN
P P

Tibial nerve 44.38+6.77 40.89+4.43 39.69+6.95 8.49 0.013 <0.001 0.392

velocity*

Vibration 11.45+3.95 16.34+7.11 39.93+9.43 226.98 0.002 <0.001 <0.001

perception threshold

v)

Proprioception 1.54+1.35 2.25+1.21 2.67+1.45 10.24 0.015 <0.001 0.212

(degrees)

Tactile sensitivity 3.51+.58 3.80+.49 4.45+,93 23.83 0.039 <0.001 <0.001

(bending force)

Contrast sensitivity =~ 20.84+ 1.97 20.62+2.12 19.86+3.0 2.28 0.885 0.107 0.256

(dB)

Knee extension 28.02+8.76 24.94+6.70 20.46£7.71 12.14 0.115 <0.001 0.011

strength (kg)

Simple reaction time  241.59+45.34 249.32+43.12 275.76+50.91 7.52 0.679 0.001 0.013

(ms)

Five time sit to stand 11.14+2.21 12.45+2.58 14.23+3.60 15.25 0.036 <0.001 0.007

test (s)

#n; D-PN=39, HC=52, DC=49 (tibial nerve velocity was not detected in the remainder of participants)

High scores in the vibration sense, proprioception, tactile sensitivity, reaction time and low scores in the tibial nerve, contrast sensitivity and knee extension

strength assessments in D-PN group were reported compared to D-noPN and HC groups
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Table 3- Balance, mobility, fear of falling and risk of falling among the D-PN, D-noPN and HC groups

Sensorimotor HC D-noPN D-PN F Statistic HC vs D- HCvs. D-PN  D-noPN vs.

function noPN b D-PN
P P

Sway floor, eyes 64.02+28.55 69.54+31.70 74.24+33.41 1.22 0.619 0.269 0.804

open-path (mm)

Sway floor, eyes 85.66+40.54 84.56+34.64 106.49+54.01 3.21 0.969 0.059 0.098

closed-path (mm)

Sway foam, eyes 159.86+99.95 179.27+84.41 223.35+96.42 7.88 0.246 <0.001 0.05

opened-path (mm)

Sway foam, eyes 382.84+138.19 418.54+164.56 491.94+188.08 5.75 1.000 <0.001 0.003

closed-path (mm)

One leg stand test (s) 28.60+3.93 26.77+5.71 15.93+£10.11 47.46 0.398 <0.001 <0.001

Timed-up and go 6.51+0.96 7.01+1.1 8.51+2.11 25.09 0.209 <0.001 <0.001

test (s)

PPA fall risk score .49 £0.96 .74 £.80 1.68 £1.13 21.98 0.381 <0.001 <0.001

Icon-FES score 20.72 £7.75 24.65 7.2 30.18 £6.75 21.78 0.019 <0.001 < 0.001

High scores in the sway tests, timed up and go test, PPA and Icon-FES assessments significantly higher in D-PN compared to D-noPN and HC group.
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