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ABS TRACT Objective: To examine the relationship between sensory pro-
cessing and kinesiophobia in older adults with Type 2 diabetes mellitus 
(DM). Material and Methods: A total of 120 older adults aged 65-75, 60 
with Type 2 DM and 60 without Type 2 DM, participated in the study. The 
older adults in both groups were evaluated with the Adolescent/Adult Sen-
sory Profile (AASP) and Tampa Kinesiophobia Scale (TKS) and the results 
were compared. Additionally, the relationship between AASP and TKS was 
examined in older adults with Type 2 DM. Results: It was found that older 
adults with Type 2 DM had worse kinesiophobia and AASP subparameters 
vestibular, visual, tactile processing and activity level (p<0.05). No differ-
ence was found between the groups in taste/smell and auditory processing 
areas (p>0.05). In older adults with Type 2 DM, a moderate statistically sig-
nificant relationship was found between vestibular processing (p=0.000, 
r=0.459) and activity level (p=0.000, r=0.519) with kinesiophobia. A weak 
statistically significant relationship was found between visual (p=0.032, 
r=0.277) and tactile processing (p=0.043, r=0.267) with kinesiophobia. No 
statistically significant relationship was found between taste/smell (p=0.213, 
r=0.163) and auditory (p=0.397, r=0.111) with kinesiophobia. Conclusion: 
It was observed that Type 2 DM causes deficiencies in vestibular, visual, tac-
tile processing and activity levels in older adults and that these areas in-
crease the level of kinesiophobia. Occupational therapists and other health 
professionals should evaluate all sensory areas for older adults with Type 2 
DM and plan interventions by considering the relationship of these areas 
with physical and psychological parameters, especially kinesiophobia. 
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ÖZET Amaç: Tip 2 diabetes mellitusu (DM) olan yaşlı erişkinlerde duyu-
sal işlemleme ile kinezyofobi arasındaki ilişkinin incelenmesidir. Gereç ve 
Yöntemler: Çalışmaya 65-75 yaş arası Tip 2 DM’li 60 ve Tip 2 DM olma-
yan 60 toplamda 120 yaşlı erişkin katıldı. Her iki gruptaki yaşlı erişkinler 
Adölesan/Yetişkin Duyu Profili [Adolescent/Adult Sensory Profile (AASP)] 
ve Tampa Kinezyofobi Ölçeği [Tampa Kinesiophobia Scale (TKS)] ile de-
ğerlendirilerek sonuçlar karşılaştırıldı. Ayrıca Tip 2 DM’li yaşlı erişkinlerde 
AASP ile TKS arasındaki ilişki incelendi. Bulgular: Tip 2 DM’li yaşlı eriş-
kinlerin kinezyofobi ve AASP alt parametrelerinden vestibüler, görsel, tak-
til işlemleme ve aktivite seviyesinin daha kötü olduğu tespit edildi (p<0,05). 
Tat/koku ve işitme işlemleme alanlarında gruplar arasında fark bulunmadı 
(p>0,05). Tip 2 DM’li yaşlı erişkinlerde kinezyofobi ile vestibüler işlem-
leme (p=0,000, r=0,459) ve aktivite seviyesi (p=0,000, r=0,519) arasında 
istatistiksel olarak orta düzeyde anlamlı ilişki bulundu. Kinezyofobi ile gör-
sel (p=0,032, r=0,277) ve taktil işlemleme (p=0,043, r=0,267) arasında ise 
istatistiksel olarak zayıf anlamlı ilişki bulundu. Tat/koku (p=0,213, r=0,163) 
ve işitme işlemleme (p=0,397, r=0,111) ile kinezyofobi arasında istatistik-
sel olarak anlamlı ilişki bulunmadı. Sonuç: Tip 2 DM’nin yaşlı erişkinlerde 
vestibüler, görsel, taktil işlemleme ve aktivite seviyesinde yetersizlikler 
oluşturduğu ve bu alanların kinezyofobi düzeyini artırdığı görüldü. Ergote-
rapistler ve diğer sağlık profesyonelleri Tip 2 DM’li yaşlı erişkinler için tüm 
duyu alanlarına ait değerlendirmeleri yapmalı ve bu alanların başta kinez-
yofobi olmak üzere fiziksel ve ruhsal parametreler ile ilişkisini göz önünde 
bulundurarak müdahaleler planlamalıdır. 
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Diabetes mellitus (DM) is a group of metabolic 
illnesses linked with hyperglycemia that occur as a 
result of insulin hormone deficiency or any other ab-
normal insulin release. In Türkiye, the prevalence of 
DM in individuals over the age of 65 is approxi-
mately 25% and in those over the age of 75 it is 
37.4%. Type 2 DM, one of the most common chronic 
diseases in old age, constitutes approximately 90-
95% of individuals with DM.1 

Type 2 DM is a disease with a poor prognosis 
and causes acute and chronic problems when not con-
trolled, and hyperglycemia causes long-term prob-
lems in different organs, including nerve endings, 
eyes, vessels, heart and kidneys.2 Long-term uncon-
trolled glycemia can produce micro and macrovas-
cular alterations that contribute to dysfunction in the 
sensory and motor systems.3 Peripheral neuropathy 
and retinopathy are two typical microvascular prob-
lems that contribute to increased posture and balance 
abnormalities, as well as falls.4 

The control of balance and posture in the human 
body is dependent on the proper processing and inte-
gration of signals from three systems in the central 
nervous system: visual, somatosensory, and vestibu-
lar. Any one of the three sensory systems may be im-
pacted by Type 2 DM.3 The most prevalent cause of 
blindness in individuals with DM is diabetic neu-
ropathy and retinopathy, which are characterized by 
pain, paresthesia, and sensory loss. The risk of vision 
loss is 25 times higher in those with diabetes than in 
those without the disease.5 A study examined the ef-
fect of hypoglycemia on the processing of visual in-
formation and found that acute hypoglycemia in 
particular caused significant deterioration in visual 
information processing performance and contrast 
sensitivity. These problems increase the severity of 
balance problems and the frequency of falls.6  

Balance issues are more severe in diabetic neu-
ropathy, the most prevalent symptom of Type 2 DM. 
Somatosensory neuropathy is a condition of the sen-
sory system that affects touch, temperature, pain, 
bodily movement, and proprioception perception.7 
People with diabetes may have a higher chance of 
falling and experiencing it again if they have de-
creased vibration sensitivity, decreased pressure sen-

sitivity, contrast sensitivity, visual acuity, light touch 
and depth perception.6 When visual and somatosen-
sory functions are simultaneously impaired, the pro-
cessing of proprioceptive sensory information for 
adequate balance control may be reduced. Because 
of diminished proprioceptive feedback during walk-
ing, older adult with Type 2 DM walk slower and 
with shorter step intervals. These factors increase fear 
of movement.8 A study concluded that people with 
Type 2 DM had higher vestibular dysfunction prob-
lems compared to a healthy control group.9 As a re-
sult, it has been stated that as these sensory losses 
increase in individuals with Type 2 DM, balance and 
falling problems will increase, which will cause lim-
itations in the individuals’ participation in activities.3 

It is still not fully known how kinesiophobia, the 
fear of movement, relates to physical function and ac-
tivity problems associated with advanced aging and 
chronic disease. The cause of kinesiophobia is usu-
ally multifactorial. In addition to the sensory prob-
lems caused by DM, the rapid decline in muscle mass 
and physical function with aging also creates the 
basis for balance and walking disorders.10 In sum-
mary, deteriorations in the musculoskeletal, so-
matosensory, visual and vestibular systems that 
control balance in old age result in balance disorders, 
caution in movement and kinesiophobia.11 

Kinesiophobia has a negative impact on walk-
ing because it is associated with avoidance of physi-
cal activity. Kinesiophobia reduces the activity 
tolerance of individuals by creating activity limita-
tions as a result of fear of mobility.12 In a study com-
paring older adults with Type 2 DM with those who 
were healthy, it was found that those with Type 2 DM 
had higher levels of kinesiophobia. The study em-
phasized that the prevalence of micro and macrovas-
cular complications increased due to the negative 
effect of kinesiophobia restricting physical move-
ments.13 In conclusion, there are studies showing a 
relationship between Type 2 DM and physical activ-
ity deficiency, but no study was found examining the 
relationship between sensory processing and kine-
siophobia in individuals with Type 2 DM. Based on 
this, the aim of the study is to compare sensory pro-
cessing and kinesiophobia in older adults with and 
without Type 2 DM and to examine the relationship 
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between these parameters in older adults with Type 2 
DM. 

 MATERIAL AND METHODS 

AIM AND TYpE Of RESEARCH  
The aim of this study was to compare sensory pro-
cessing and kinesiophobia in older adults with and 
without Type 2 DM and to examine the relationship 
between these parameters in older adults with Type 2 
DM. This study is of the case control and correlation 
research type. The study agreed with the STROBE 
(Strengthening the Reporting of Observational Stud-
ies in Epidemiology) statement.14 

RESEARCH pOpuLATION AND SAMpLE 
The universe of the study consists of 120 older adults, 
60 with Type 2 DM and 60 without Type 2 DM, be-
tween the ages of 65-75. The study was conducted 
with older adults with and without Type 2 DM who 
were staying at the “İstanbul Darülaceze Nursing 
Home” and who agreed to participate in the study by 
signing the consent form. Information about the in-
dividuals was assessed using the sociodemographic 
information questionnaire, sensory processing were 
assessed using the Adolescent/Adult Sensory Profile 
(AASP) and the Tampa Kinesiophobia Scale (TKS) 
for fear of movement. Sample calculations for two 
independent group comparison analyses were per-
formed using the G*Power Version 3.1.9.4 package 
program (Universität Düsseldorf, Germany). Using 
the AASP as reference, the a priori type, one tail, 
medium size (effect size; 0.50), 95% confidence in-
terval and 80% power, the minimum sample size was 
determined as 102 (51 for each group). A total of 128 
older adults participated in the study. However, 8 
older adults were excluded from the study because 
the evaluations could not be completed, and the study 
was completed with 120 older adults (60 older adults 
in each group). 

INCLuSION CRITERIA  
The inclusion criteria of the study were being be-
tween 65-75 years of age, using oral antidiabetic 
drugs in the experimental group (not using insulin), 
getting a score of 24 and above in the Mini Mental 
State Assessment, knowing how to read and write 

Turkish, being able to walk independently without 
the need for an assistive device.15 

Older adults who had hearing or vision problems 
that would interfere with the evaluation, who had re-
ceived chemotherapy, who were in the recovery pe-
riod of an acute illness, and who had a chronic 
disease (orthopedic, neurological, psychiatric, car-
diac, etc.) that would negatively affect the evaluation 
were excluded from the study. 

DATA COLLECTION METHOD 
A simple random sampling method was used to select 
older adults included in the study. Older adults with 
and without Type 2 DM in nursing homes were ver-
bally invited to participate in the study, and older 
adults who accepted the invitation were included in 
the study. Assessments of older adults were con-
ducted between January and April 2024. Assessments 
were conducted face-to-face and lasted 35 minutes. 

DATA COLLECTION TOOLS 
The TKS, the AASP, and the demographic informa-
tion form were used to gather the research data. 

The Demographic Information form 
It consists of the questions that include information 
about the age, gender and body mass index (BMI).  

AASp 
A standardized scale with sixty items, the AASP was 
created using Dunn’s Sensory Processing Model. 
Each question is answered on a 5-point Likert scale 
that ranges from 1 (almost never) to 5 (almost often). 
Higher scores on the scale indicate more problems 
with sensory processing patterns.16 The test evaluates 
6 different sensory processing processes. It includes 
evaluations related to vestibular processing, visual 
processing, taste/smell processing, tactile processing, 
activity level and auditory processing. Aydın carried 
out the validity and reliability study in Türkiye in 
2015. The internal consistency coefficient of the 
questionnaire was found to be reliable, ranging from 
0.66 to 0.70.17 

TKS 
Miller et al. originally developed TKS in 1991, but it 
was made available. Reprinted by Vlaeyen et al. in 
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1995 with permission from the authors of the original 
research.18 Tunca Yılmaz et al. carried out a validity 
and reliability assessment of the Turkish version in 
2011. The test-retest reliability of the scale is 0.806. 
The TKS is a 17-item scale meant to assess a person’s 
fear of moving or being wounded again. The scale in-
cludes parameters of injury/reinjury and fear avoid-
ance in work-related activities. The scale uses a 
4-point Likert scale (1=I strongly disagree, 4=I 
strongly agree). The overall score ranges from 17 to 
68. A high kinesiophobia score on the scale denotes 
a high level of phobia.19 

DATA ANALYSES 
The data was statistically analyzed using the program 
IMB SPSS Statistics 29.0.1 (SPSS Inc., Chicago, IL). 
Descriptive statistics were used for continuous data, 
mean and standard deviation, and for categorical data, 
frequency and percentage. Categorical variables com-
paring the two groups were analyzed using the chi-
square test. The Kolmogorov-Smirnov test was used 
to verify if numerical variables adhered to a normal 
distribution, and the results showed that they did. The 
independent samples t-test was performed to compare 
numerical variables between groups. The relationship 
between the assessments was investigated using the 
Pearson correlation test. According to the correlation 
coefficients, 0.00-0.19 was accepted as no relation-
ship or negligible low relationship, 0.20-0.39 as 
weak, 0.40-0.69 as moderate relationship, 0.70-0.89 
as strong relationship and 0.90-1.0 as very strong re-
lationship.20 The criterion for statistical significance 
was determined to be p<0.05.  

ETHICAL AppROvAL 
The study protocol was approved by the Univer-
sity of Health Sciences Hamidiye Non-invasive In-
vestigation Ethics Committee (date: May 18, 2023, 
no: 23/290). The research was conducted under the 
guidelines related to the Helsinki Declaration of 
Human Rights. An informed consent stating the 
purpose and methods of the study was prepared to 
notify and inform the participants prior to admin-
istering the surveys. The participants were informed 
that they could resign from the study at any time, and 
that their information would be kept confidential. 

 RESuLTS 
Regarding age (p=0.482) and gender (p=0.854), there 
was no statistically significant difference between the 
groups. In the BMI comparison, a statistically signif-
icant difference was discovered (p=0.034) (Table 1). 

There were statistically significant differences 
between the groups in terms of TKS (p=0.001), 
vestibular processing (p=0.018), visual processing 
(p=0.030), tactile processing (p=0.043) and activity 
level (p=0.006). There was no statistically significant 
difference between the groups in terms of taste/smell 
(p=0.257) and auditory processing (p=0.359). Older 
adults with Type 2 DM were found to have higher ki-
nesiophobia and lower vestibular, visual, tactile pro-
cessing and activity level than older adults without 
Type 2 DM (Table 2). 

In older adults with Type 2 DM, a moderate sta-
tistically significant relationship was found between 
vestibular processing (p=0.000, r=0.459) and activ-
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                                          Older adult with Type 2 DM n=60                          Older adult without Type 2 DM n=60 
n % n % p value 

Gender 
female 26 43.3 27 46.7 0.854a 
Male 34 56.7 33 53.3  

X±SD X±SD  
Age (years) 68.36±2.55 68.71±2.87 0.482b 
BMI (kg/m2) 27.91±4.71 26.24±3.78 0.034b* 

TABLE 1:  Descriptive characteristics of groups and differences of participants between groups.

aThe p-value of the chi-square test; bThe p-value of the independent samples t-test; *p<0.05; DM: Diabetes mellitus; SD: Standard deviation; BMI: Body mass index.



ity level (p=0.000, r=0.519) with kinesiophobia. A 
weak statistically significant relationship was found 
between visual (p=0.032, r=0.277) and tactile pro-
cessing (p=0.043, r=0.267) with kinesiophobia. No 
statistically significant relationship was found be-
tween taste/smell (p=0.213, r=0.163) and auditory 
(p=0.397, r=0.111) with kinesiophobia. Kinesiopho-
bia was seen to increase with the decrease in vestibu-
lar, visual, tactile processing and activity level in 
older adults with Type 2 DM (Table 3). 

 DISCuSSION 
According to the results of the study, older adults 
with Type 2 DM had higher levels of kinesiophobia 
and lower levels of vestibular, visual and tactile pro-
cessing and activity compared to older adults with-
out Type 2 DM. No difference was found between 
the groups in terms of taste/smell and auditory pro-

cessing. Additionally, a moderate correlation was 
found between vestibular processing and activity lev-
els with kinesiophobia, and a low correlation was 
found between visual and tactile processing with ki-
nesiophobia in older adults with Type 2 DM. It was 
also concluded that kinesiophobia increased with de-
creased levels of vestibular, visual and tactile pro-
cessing and activity in older adults with Type 2 DM. 
No relationship was found between taste/smell and 
auditory processing with kinesiophobia 

Increased insulin resistance due to Type 2 DM 
negatively affects cardiopulmonary and cardiovascu-
lar structure, causing decreases in physical activity 
capacity.1 In a study, it was stated that the physical 
performance and balance of older adults with Type 2 
DM were lower than those without Type 2 DM, and 
this caused the activities of these individuals to be re-
stricted.21 Another study reported that Type 2 DM in-
creases the number of falls in older adults and that 
the disease is a factor that inhibits mobility in these 
individuals.9 Alpalhão et al. revealed that decreased 
physical capacity levels in older adults may cause ki-
nesiophobia.11 In our study, it was determined that 
older adults with Type 2 DM had higher levels of ki-
nesiophobia than those without Type 2 DM. This is 
thought to be due to the anxiety that Type 2 DM cre-
ates against movement in these individuals due to the 
negative effects it has on the physical capacity of 
older adults. 

The most important symptoms of Type 2 DM in-
clude inadequate nerve conduction due to circulatory 
problems, and it has been observed that the disrup-
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Older adult with Type 2 DM n=60 Older adult without Type 2 DM n=60  
X±SD X±SD p value 

TKS 31.65±8.70 25.78±9.85 0.001* 
AASp  

Taste/smell processing 11.13±2.83 10.53±2.94 0.257 
vestibular processing 19.38±4.02 17.73±3.50 0.018* 
visual processing 13.90±3.72 12.63±2.48 0.030* 
Tactile processing 18.73±4.21 17.30±3.43 0.043* 
Activity level 25.55±4.70 23.15±4.76 0.006* 
Auditory processing 13.20±4.79 12.55±2.63 0.359 

TABLE 2:  Comparison of the results of TKS and AASp between the groups.

The p-value of the Mann-Whitney u test, *p˂0.05; DM: Diabetes mellitus: SD: Standard deviation; TKS: Tampa Kinesiophobia Scale; AASp: Adolescent/Adult Sensory profile.

Older adult with Type 2 DM n=60 
TKS 

p value r 
Taste/smell processing 0.213 0.163 
vestibular processing 0.000* 0.459 
visual processing 0.032* 0.277 
Tactile processing 0.043* 0.262 
Activity level 0.000* 0.519 
Auditory processing 0.397 0.111 

TABLE 3:  The correlations between TKS, AASp subheading 
and pain level in older adult with Type 2 DM.

The p-value of the pearson test; r: Correlation coefficient; *p˂0.05; DM: Diabetes mel-
litus; TKS: Tampa Kinesiophobia Scale; AASp: Adolescent/Adult Sensory profile.



tion of nerve conduction disrupts the sensory-motor 
connection.3 One study has shown that Type 2 DM 
causes balance problems in older adults and this neg-
atively affects physical activity levels.22 Another 
study found that Type 2 DM can cause loss of touch 
sensation and that these losses make individuals vul-
nerable to injury.23 Gupta et al. have shown that Type 
2 DM can cause damage to the optic nerves, which 
can lead to irreversible vision loss.6 In our current 
study, it was observed that older adults with Type 2 
DM had lower vestibular, tactile, visual processing 
and activity levels than individuals without Type 2 
DM. This result is thought to be due to the damage 
that Type 2 DM has caused in the nervous system. 
No difference was found between the groups in 
taste/smell and hearing processing in the study. It can 
be said that the lack of difference between the groups 
in these two sensory areas is related to the fact that 
taste/smell and hearing are not primary symptoms of 
Type 2 DM and occur in later stages of the disease.24 

For a good physical activity level and perfor-
mance in older adults, sensory, perceptual and motor 
connections must work smoothly.25 Depending on the 
symptoms of Type 2 DM, this connection may be dis-
rupted, and this may limit the mobility and activity 
participation of these individuals.26 Hewston and 
Deshpande found in their study that decreased bal-
ance and physical capacity in older adults with Type 
2 DM may lead to falls.5 Another study reported that 
older adults were anxious about moving due to fear of 
falling and falling, and this caused kinesiophobia.12 
In our study, it was observed that kinesiophobia in-
creased with the decrease in vestibular processing and 
activity level in older adults with Type 2 DM. It is 
thought that this situation is due to the fear of mobil-
ity that occurs due to the decrease in balance and 
physical capacity in these individuals due to Type 2 
DM. Loss of tactile sensation is seen especially in the 
lower extremities in older adults with Type 2 DM, 
and this deficiency can cause injuries and falls.23 A 
study conducted with older adults with Type 2 DM 
found that lower extremity tactile loss decreased mo-
bility and increased fear of falling.27 Another study 
found that loss of subplantar tactile sensation in older 
adults with Type 2 DM negatively impacted walking, 
causing these individuals to be cautious about move-

ment.28 In our study, it was concluded that kinesio-
phobia increased with the decrease in tactile process-
ing. It can be said that this is due to the fear of 
movement in older adults due to the inadequacy in 
mobility caused by the loss of tactile sensation due to 
Type 2 DM symptoms. It has been stated that the 
sense of vision is an important sense for the depth, 
speed and reaction of movement.29 It is known that 
optic nerve lesion and sensory nerve fiber damage in 
the macula region of the eye are frequently encoun-
tered conditions in Type 2 DM and negatively affect 
mobility.30 Kaminsky et al. reported that vision loss 
due to Type 2 DM in older adults reduces mobility 
and poses a great risk for independent movement.31 
Roberts-Martínez Aguirre et al. have shown that vi-
sion loss due to Type 2 DM can cause problems in 
environmental orientation in older adults, restrict 
walking, and cause people to be more cautious about 
movement.32 In our study, it was observed that kine-
siophobia increased with the decrease in visual pro-
cessing. It is thought that vision is an important sense 
for the design of movement and its deficiency signif-
icantly restricts movement in older adults and turns 
into a state of fear. It is known that hearing loss may 
occur in older adults with Type 2 DM in the advanced 
stages of the disease.33 The sense of hearing is an im-
portant sense for communicating with the environ-
ment and especially for perceiving dangers 
outdoors.34 Although there are studies in the litera-
ture indicating that hearing loss in older adults indi-
rectly increases the risk of falling and may cause 
inadequacy in mobility, there is no consensus on this 
relationship.35 In our study, no relationship was found 
between hearing loss and kinesiophobia in older 
adults with Type 2 DM. It is thought that this result 
is due to the fact that hearing loss does not have a pri-
mary effect on mobility. In order to understand this 
effect, studies should be planned to evaluate physi-
cal parameters and kinesiophobia in older adults with 
DM with hearing loss. It is known that taste/smell 
loss occurs especially with the worsening of symp-
toms of the disease in those with Type 2 DM.24 Ac-
cording to the results of our study, no relationship 
was found between smell/taste processing and kine-
siophobia. It can be said that the lack of a relation-
ship between taste/smell and kinesiophobia is due to 
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the fact that kinesiophobia occurs due to physical and 
psychological reasons. 

The study limitations were that these individuals 
were not classified as having or not having neuropathy 
and were included in the study without classifying them 
according to the level of Type 2 DM. Future studies 
should plan studies in different age groups according 
to the symptoms and severity of the effects of Type 2 
DM. In addition, occupational therapists should make 
evaluations and interventions in cooperation with 
physicians according to their areas of expertise for each 
sensory area. In addition to sensory processing evalua-
tions, occupational therapists should perform more 
comprehensive balance, functional vision, tactile and 
activity analysis evaluations in the clinic for older adults 
with Type 2 DM. Audiologists should be collaborated 
for hearing evaluation. In addition to all these, the rela-
tionship between these sensory areas and activity par-
ticipation should be examined.  

 CONCLuSION 
It has been observed that kinesiophobia may occur in 
older adults with Type 2 DM depending on the symp-
toms of the disease, and that vestibular, visual and 
tactile processing and activity levels may be nega-
tively affected. It has also been understood that neg-
ative effects on these 4 sensory areas increase the 
level of kinesiophobia. Occupational therapists 
should evaluate the sensory processing of older adults 
with Type 2 DM and apply intervention approaches 

to problematic areas. Older adults with Type 2 DM 
should undergo routine sensory processing assess-
ment screenings. 
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