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Abstract 

Objectives: Chemotherapy-related peripheral neuropathy is known to increase the risk of falls in the elderly. 
This study aims to assess the developmental state of peripheral neuropathy and the risk of falls in 65 years and 
older recipients of chemotherapy. 
Methods: The study population comprised patients over 65 years who were first treated with chemotherapy for 
solid and haematological cancer between February 1, 2016, and October 31, 2017, in a day treatment unit of a 
hospital in Eskisehir, Turkey. We collected data every month for 6 months using the Individual Identification 
Form, the National Cancer Institute Common Sense of Toxicity Criteria Sensory and Motor Neuropathy Scale 
and the Hendrich-II Falling Risks Scale. The quantitative data were expressed as medians. Furthermore, we 
evaluated the comparison of measurements at different time points with a normal distribution, analysis of 
variance at repeated measures and normal non-dispersive score variables by the Friedman test. 
Results: The number of neuropathic patients increased in the sixth month than the first month in the 6-month 
follow-up period. In addition, it was determined that the Hendrich-II Falling Risks Scale score increased in the 
fifth and sixth months than the first and second months. 
Conclusion: This study revealed that the degree of neuropathy and the risk of falling increased in the sixth 
month than the first month for individuals over 65 years who received chemotherapy. Hence, no statistically 
significant correlation existed between age and neuropathy grade and age and risk of falls in this study. 
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Introduction  

With increasing advancements in the field of 
health services around the world, including 
Turkey, a global upsurge is witnessed in the 
ageing population (Turkey Statistical Institute, 
2016; International Agency for Research on 
Cancer, 2015). The Turkey Statistical Institute 
reveals that, at present, 8.3% of the Turkish 

population is older than 65 years (Turkey 
Statistical Institute, 2016). Apparently, cancer is 
a chronic disease that increases with age 
(International Agency for Research on Cancer, 
2015). Recent years have acknowledged 
tremendous technological developments in the 
diagnostics and treatment of cancer; however, 

patients extensively experience physical and 
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psychological changes, both from the disease 
course and adverse effects of treatments. In 
geriatric patients with cancer, both falling and 
falling-related problems are common 
repercussions of cancer treatment, along with the 
physiological decline that accompanies ageing 
(Eyigor, 2012; CDC, 2015). 

Reportedly, chemotherapy-related peripheral 
neuropathy is the leading cause of an increase in 
the risk of falls and balance and walking 
problems in elderly individuals (Ward et al., 
2014; Kolb et al., 2016). Nurgalieva et al. (2010) 
demonstrated that patients (aged 65–69 years) 
treated with a platinum–taxane combination 
therapy for breast, ovary and lung cancers had a 
lower risk of developing peripheral neuropathy 
than did patients older than 80 years. Ward et al. 
(2014) established that 73% of falls in patients 
diagnosed with cancer resulted in fractures, most 
commonly femoral neck fractures. However, a 
majority of patients treated with chemotherapy 
and biological treatment are not even aware that 
they are at the risk of falling; in fact, patients 
apply protective measures against falling after 
they have experienced a fall. To date, no 
investigation has been conducted on the 
development of peripheral neuropathy and the 
risk of falling in elderly patients who receive 
chemotherapy in Turkey. Hence, this study aims 
to evaluate the correlation between the 
developmental state of peripheral neuropathy and 
the risk of falls in patients over 65 years who 
received chemotherapy. 

Hypotheses of study 

H0= There is no relationship between age, 
developmental state of peripheral neuropathy and 
the risk of falls 

H1=There is relationship between age, 
developmental state of peripheral neuropathy and 
the risk of falls 

Methods 

The aim and type of the research: This 
prospective sectional study was conducted to 
assess the developmental state of peripheral 
neuropathy and the risk of falls in patients over 
65 years who received chemotherapy.  

The population and sample of the research: 
The study cohort comprised patients over 65 
years who were first treated with chemotherapy 

for solid and haematological cancer between 
February 1, 2016, and October 31, 2017, in an 
outpatient treatment unit of a hospital in 
Eskisehir, Turkey. We enrolled only those 
patients in this study who fulfilled the following 
specified selection criteria: (a) undergoing the 
same chemotherapy protocol for 6 months; 

receiving 24 points or higher from the 
Standardized Mini-Mental Test (SMMT); (c) 
being able to walk at least 15 metres; (d) no 
nervous system, musculoskeletal system, skin-
specific diseases, or any other disease that affects 
these regions; (e) nonalcoholic; (e) and agreeing 
to participate in the study. 

Data collection: This study was approved by the 
Ethical Committee, and we obtained written 
consent from the hospital management and 
patients before commencing the study. Before 
starting the study, five patients who were not 
included in the scope of this study were pre-
administered the test to evaluate the 
comprehensibility of the questions. All enrolled 
patients were assessed monthly for 6 months 
using the Individual Identification Form, the 
National Cancer Institute Common Toxicity 
Criteria Sense and Motor Neuropathy Scale 
(NCI-CTCAE v4.03) and the Hendrich-II Falling 
Risks Scale (HFRS-II). 

The SMMT was first proposed by Folstein et al., 
standardised by Molloy and Standish and 
validated by Gungen et al. (2002) regarding 
validity and reliability. The test comprises 11 
items collected under five main headings (i.e. 
orientation, record memory, attention and 
calculation, recall and language) and is evaluated 
over a 30-point range. While the sensitivity of 
the scale is 91% (23 of 24), its specificity is 95%. 
The SMMT is a practical test that finds 
application in a polyclinical environment or at 
bedside within a short period of 10 min by a 
briefly trained physician, nurse or a psychologist 
(Gungen et al., 2002). The NCI-CTCAE v4.03 
assesses sensory and motor peripheral 
neuropathy, including objective and subjective 
measurements, and is used to determine 
chemotherapy-related peripheral neuropathy 
(National Cancer Institute, 2009).Furthermore, 
the HFRS-II was developed by Hendrich et al. in 
1995, re-examined in 2003 to create a second 
version and improved in terms of validity and 
reliability by Atay et al. in 2009. The highest 
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score obtained from HFRS-II was 20 (scores ≥ 5 
indicate a high risk) (Dedeli, Karagozoglu, & 
Kurukız, 2012). 

Data Analysis: We analysed data using the IBM 
SPSS 21 package program. Quantitative data 
were expressed as mean ± standard error or 
median (Q1–Q3). The normal distribution of data 
was verified using the Shapiro–Wilk test. While 
we used the variance analysis for repeated 
measures, the Friedman test was used to evaluate 
non-normally distributed score variables. The 
correlation between quantitative variables was 
examined by the Spearman correlation analysis. 
Furthermore, the relationship between the 
categorical variables was evaluated by the  χ2 
analysis. We considered P ˂ 0.05 as statistically 
significant. 

Results 

In this study, we examined 39 patients. We 
excluded five patients from the study because of 
a change in their chemotherapy protocol, and 
four patients died. Hence, we completed the 
study with 30 patients. While 50% of the 
research cohort had solid tumours, the remaining 
were treated for haematological cancer. 

The average age of participants was 68.46 ± 5.88 
years; 63.3% were males, 33.3% underwent 
platinum-based chemotherapies, and 60% had a 
history of surgery and radiotherapy. Of all 
patients, 83.3% were aware of the occurrence of 
chemotherapy-induced neuropathic complaints, 
such as numbness and tingling sensation in the 
hands and feet, whereas 56.7% cited ignorance of 
the fact that these medicines increased the risk of 
falls (Table 1). 

We observed a statistically significant difference 
in the 6-month follow-up of patients based on the 
NCI-CTCAE v4.03 ratios evaluated every month 
(p˂ 0.001). In addition, the degree of neuropathy 
increased in the sixth month as compared to the 
first month (first-month NCI-CTCAE v4.03 
degree: 1; sixth-month NCI-CTCAE v4.03 
degree: 2; p = 0.016; Table 2). 

We determined that when the falling status of 
patients and the risk of falls were evaluated, 
16.7% of patients had fallen. Furthermore, the 
risk of falling in the fifth and sixth months 
increased statistically significantly (first-month 
HFRS-II mean score: 2, fifth-month HFRS-II 

mean score: 4, p=0.023; first-month HFRS-II 
mean score: 2, sixth-month HFRS-II mean score: 
4, p=0.032; second-month HFRS-II mean score: 
2, fifth-month HFRS-II mean score: 4, p=0.016; 

second-month HFRS-II mean score: 2, sixth-
month HFRS-II mean score: 4, p=0.032; Table 

2).  

An investigation of the correlation between age 
and neuropathy development status and age and 
risk of falls revealed no statistically significant 
differences (Table 3). 

Discussion 

Peripheral neuropathy is the leading adverse 
effect of taxane- and platinum-based 
chemotherapy (Hershman et al., 2014; Hong, 

Tian, & Wu, 2014; Bao et al., 2016). In this 

study, patients were treated with chemotherapy 
for the first time over a period of 6 months, and 
the number of neuropathies increased in the sixth 
month compared with the first month of the 
study. In a study, 50% of 50 patients (mean age: 
48 years) with breast cancer undergoing taxane-
based chemotherapy had grade 1 neuropathy and 
these complaints gradually decreased after the 
termination of chemotherapy (Hershman et al., 
2014). Another study reported that chemotherapy 
increased the incidence of neuropathy in 
progressive treatments (Kautıo et al., 2011). 
Leonard et al. (2005) reported that patients 
receiving oxaliplatin-based chemotherapy 
demonstrated a directly proportionate increase of 
dysesthesia and paraesthesia with a cumulative 
dose of oxaliplatin. In a meta-analysis, 68.1% of 
patients in the first month following 
chemotherapy and 30% in the second month 
were related to chemotherapy-related peripheral 
neuropathy (Seretny et al., 2014). The results of 
this study are parallel to those in the literature. In 
addition to drugs, obesity, inactivity, diabetes 
mellitus and ageing have been proven to affect 
the development of peripheral neuropathy 
(Nurgalieva et al., 2010; Bao et al., 2016; Ylitalo, 

2012).  

In this study, patients with no nervous system, 
musculoskeletal system, skin diseases or any 
diseases that could affect these areas, and who 
could walk, at least, 15 metres were included; 

thus, we attempted to control these factors. The 
severity of peripheral neuropathy increased with 
chemotherapy, and a moderately significant 
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positive correlation was observed between age 
and peripheral neuropathy in the first month 
following chemotherapy administration. Based 
on these results, nurses should evaluate 
pharmacological and non-pharmacological 
methods regarding neuropathic findings before 
and after chemotherapy, and coordinate with 
health professionals for patient management by 
considering these results. 

Reportedly, peripheral neuropathy is a critical 
risk factor for falls (Richardson, & Hurvitz, 
1995), and an increased risk of falling is related 
to peripheral neuropathy (Bao et al., 2016; 

Tofthagen, Overcash, & Kip, 2012; Marshall, 

2016). Patients report difficulties when doing 
housework, being in a work environment and 
performing activities of daily living (Beijers et 
al., 2016; Gewandter et al., 2013) while 

undergoing chemotherapy. 
 

               Table 1. Distribution of socio-demographic characteristics 

Characteristics 
±sd 

Old(year) 68.46±5.88 
Gender n % 
Female 11 36.7 
Male 19 63.3 
Chemotherapy drugs 
Platinum based 15 50 
Taxan based 8 26.7 
Azacitidine 6 20 
Decitabine 1 3.3 
Previously applied therapy  
Non 12 40 
Surgical treatment 15 50 
Radiotherapy 2 6.7 
Radiotherapy and surgical treatment 1 3.3 
Chronic disease 
Non 12 40 
Chronic obstructive pulmonary disease 3 10 
Cardiovascular disease 4 13.3 
Hypertension 11 36.7 
Use of auxiliary devices 
Non 20 66.7 
Walking stick 7 23.3 
Wheelchair 3 10 
Frequency of getting help 
Ever 12 40 
Occasionaly 11 36.7 
Always 7 23.3 
Knowing the state of neuropathy 
I know 25 83.3 
I do not know 5 16.7 
Knowing the state of risk of fall 
I know 13 43.3 
I do not know 17 56.7 
Fall state 
Yes 5 16.7 
No 25 83.3 
Total 30 100 
 

x
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Table 2. Distribution of NCI-CTCAE v4.03 grade ve HFRS-II score according to months  

Evaluation time NCI-CTCAE  v4.03 HFRS-II  

Median(Q1-Q3) p Median(Q1-Q3) p 

1. month 1(0-1)a ˂0.001* 2(1-4.25)g ˂0.001* 

2. month 1(0-2)b 2(1-4.25)h 

3. month 1(0-2)c 2(1.75-5)ı 

4. month 1(1-2)d 3(1.75-5)j 

5. month 2(1-2)e 4(2-6.25)k 

6. month 2(1-2)f 4(2-6.25)l 

 Significant differences between 
a and f groups (p=0.016) **  

Significant differences between g and l 
groups (p=0.032); g and k groups(p=0.023); 

H and l groups (p=0.032);h and k groups 
(p=0.016)**  

*Two Way Anova; **Friedman test 
 

Table 3. Correlation between age, NCI-CTCAE v4.03 grade and HFRS-II score  

 Age   Age 
1.month NCI-CTCAE v4.03 grade 
r 
p 

 
0.412 
0.024 

1. month HFRS-II 
r 
p 

 
0.264 
0.158 

2. month NCI-CTCAE v4.03 grade 
r 
p 

 
0.301 
0.106 

2. month HFRS-II 
r 
p 

 
0.210 
0.264 

3. month NCI-CTCAE v4.03 grade 
r 
p 

 
0.270 
0.149 

3. month HFRS-II 
r 
p 

 
0.254 
0.175 

4. month NCI-CTCAE v4.03 grade 
r 
p 

 
0.365 
0.047 

4. month HFRS-II 
r 
p 

 
0.255 
0.173 

5. month NCI-CTCAE v4.03 grade 
r 
p 

 
0.333 
0.072 

5. month HFRS-II 
r 
p 

 
0.134 
0.479 

6. month NCI-CTCAE v4.03 grade 
r 
p 

 
0.312 
0.093 

6. month HFRS-II 
r 
p 

 
0.050 
0.792 

 

 
This study determined that in the following 
months of chemotherapy, patients had a higher 
risk of falling related to the degree of neuropathy 
and that age alone did not affect the risk of 
falling. A retrospective evaluation of patients 
who underwent chemotherapy between 1994 and 
2007 revealed that the ratio of injuries associated 

with falls per 1000 persons/month was 9.15 for 
double neurotoxic chemotherapy patients, 7.76 
for single neurotoxic chemotherapy patients and 
5.19 for patients who received no neurotoxic 
chemotherapy (Ward et al., 2014). Oka et al. 
(2005) significantly established a correlation 
between axonal neuropathy and falls. In addition, 
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Gewandter et al. (2013) established a significant 
correlation between motor neuropathy and falls. 
Another two studies reported that patients who 
developed chemotherapy-related neuropathy 
experienced more falls than patients who did not 
develop neuropathy (Kolb et al., 2016; 
Tofthagen, Overcash, & Kip, 2012). While Kolb 
et al. determined that the risk of an independent 
fall in patients with neuropathy increased with 
age (Kolb et al., 2016), Tofthagen, Overcash, & 
Kip (2012) reported that ageing did not affect the 
risk of falls. Toraman and Un Yıldırım 
demonstrated (2010) that individuals over the 
age of 65 years who reported a direct association 
with falls had weaker muscles and did not 
maintain balance compared with healthy subjects 
in the same age group. Another study emphasised 
that fall rates augmented the mortality rate by 
three-fold in geriatric patients receiving 
chemotherapy (Wildes et al., 2013). Hence, it is 
recommended that chemotherapy patients who 
have a high risk of neuropathy should be 
informed about the prevention of falls by taking 
safety precautions regardless of age, hospital 
regulations, home environment and the use of 
assistive devices. 

Conclusion 

This study established that the degree of 
neuropathy and the risk of falling increased in 
the sixth month compared with the first month. 
In addition, no statistically significant correlation 
existed between age and neuropathy grade, and 
age and risk of falls in the study. As the study 
population comprised a small sample group, 
including patients aged 65 years or older from a 
single hospital, addictive factors (e.g. 
chemotherapeutic drug, gender and the presence 
of chronic illness) that could affect neuropathy 
and fall risk could not be assessed. Hence, 
further extensive studies with a large sample 
group are warranted to evaluate the dependent 
factors. 
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