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Introduction: Aim of this study was identify the prevalence of frailty 
in patients with idiopathic Parkinson’s disease (PD), to describe the 
relationship between severity of the disease and frailty, and to evaluate 
if timed up and go (TUG) is an eligible test for determination of frailty in 
idiopathic PD patients.

Methods: We conducted a cross-sectional study which included 66 
patients, aged 60 and over in a tertiary hospital. Frailty was assessed by 
the Fried Frailty Index (FFI). Severity of the idiopathic PD was detected by 
the Hoehn and Yahr (H&Y) scale. Mobility was measured by the TUG test. 
Demographic characteristics and comprehensive geriatric assessments 
were evaluated. Descriptive statistics and logistic regression were used 
in analyses. Receiver operating characteristic (ROC) curves were used to 
identify the discriminative effect of TUG test on frailty.

Results: The numbers of frail, prefrail, and robust subjects were 

34 (51.5%), 24 (36.4%), and 8 (12.1%), respectively. Dependency in 
instrumental activities of daily living (IADL) was significantly associated 
with frailty (Odds ratio (OR): 36.00, Confidence interval (CI): 8.43–153.80). 
Multivariate logistic regression analysis results yielded, depression (OR: 
10.37, CI: 2.82–38.12) and higher levodopa doses (OR: 6.28, CI: 1.77–
22.24) were independently associated with frailty. TUG test performance 
was strongly associated with frailty with high sensitivity (0.806) and 
specificity (0.826) (Area under the curve (AUC): 0.831).

Conclusions: Frailty is highly prevalent in idiopathic PD and is strongly 
associated with disabilities as well as specific risk factors of the disease. 
The TUG may be a reliable test for prediction of frailty in patients with 
idiopathic PD.
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Parkinson’s disease is an age related neurodegenerative disease that 
affects as many as 1–2% of persons aged 60 years and older (1). 
Besides motor signs, non-motor findings of Parkinson’s disease (PD) 
necessitates the comprehensive evaluation of patients, particularly 
in terms of associated geriatric syndromes like frailty (2). Frailty is a 
geriatric syndrome associated with a burden of worse outcomes, such 
as functional decline, disability, increased hospitalization, and mortality. 
To date, few studies have explored the prevalence of frailty in PD (3–5). It 
is known that prevalence of frailty is high in PD but little is known about 
the relationship between frailty and clinical situations in PD. In fact, PD 
patients have been excluded from frailty studies due to similarity of the 
clinical symptoms between PD and frailty (4, 6). Different instruments are 
available for assessment of frailty but the Fried Frailty Index (FFI) is one 
of the most used instruments and includes objective measurements (7).

Timed up and go (TUG) is a well-known functional mobility test in PD 
and community-dwelling older adults (8, 9). TUG is associated with global 
health decline, disability in activities of daily living, falls in community 
dwelling older adults (10, 11), and is also useful to identify patients at risk 
of falls and hospitalization in PD (12). It is an objective measurement and 
can be applied in all settings without specialization. It has been shown 
that TUG is closely associated with frailty in community-dwelling older 

adults (8). The relationship between TUG and frailty in PD patients has 
not been examined so far.

The aim of this study was to identify the prevalence of frailty in patients 
with idiopathic PD by using the FFI, to describe the relationship between 
severity of the disease and frailty and to evaluate if TUG is an eligible test 
for prediction of frailty in idiopathic PD patients.

METHODS
This was a cross-sectional study conducted between June 2017 
and August 2017 in a tertiary hospital. A total of 66 patients with the 
diagnosis of idiopathic PD, aged 60 years and older, were included in 
the study. Individuals diagnosed with idiopathic PD were confirmed by 
a neurologist according to the UK Brain Bank criteria (13). Patients with 
a history of malignancy, advanced stage congestive heart failure, chronic 
renal disease, and bedridden were not included in the study to avoid the 
high probability of association of these clinical situations with frailty.

Anthropometric measurements of the patients were taken. The Body 
mass index (BMI) was calculated by dividing weight in kilograms by 
square of height in meters. A structured questionnaire was administered 
to the patients for demographic information and for comprehensive 
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geriatric assessment. The Mini-Mental State Examination (MMSE) was 
administered for evaluation of cognitive status (14). A score of <24 
(total of 30 points) points was regarded as cognitive impairment. The 
Geriatric Depression Scale (GDS), validated in Turkish population, was 
administered for identification of depression (15). A score of ≥14 points 
(total of 30 points) was regarded as depression. The instance of at least 
one fall within the past 12 months was recorded. Recurrent falls were 
described as the presence of two or more falls in the previous year. Fear 
of falling as self-reported was also recorded. Regular physical exercise 
was assessed by self-report and defined as a minimum of 30 minutes of 
exercise at least three days per week. Medications and comorbidities of 
the patients and stages of idiopathic PD were recorded. Polypharmacy 
was defined as five or more different medications in chronic use. 
The Charlson comorbidity index (CCI) was calculated according to 
accompanying comorbidities of the patients (16). Patients were grouped 
according to total daily levodopa requirements as ≥400 and <400 mg 
based on risk of development of motor complications with higher 
doses (17). The stage of PD and severity was assessed by the Hoehn 
and Yahr (H&Y) scale that is the most common and widely used scale to 
describe severity of PD (18). It reflects the severity of motor disability in 
PD. Stage 3 is defined as the development of postural instability which is 
an important hallmark of clinical progression. Indeed H&Y is accepted 
categorical rather than a continuous scale, the study population was 
divided into early stages (1; 1.5; 2; 2.5) and advanced stages (3; 4; 5) 
based on the postural instability (19).

Frailty Assessment
The FFI, characterized by five criteria, was used for frailty assessment: 
1) Weight loss: Unintentional weight loss of >% 5 or >4.5 kg in past 12 
months; 2) Exhaustion: In response to the twenty-first question of the 
GDS ‘Do you feel full of energy’, the answer ‘no’ was accepted as one 
score; 3) Weakness: Maximal grip strength in kg in the stronger arm after 
three consecutive measurements using a Jamar hand-held dynamometer 
was obtained. Low grip strength cut points were adjusted for BMI and 
gender specified by Fried and colleagues (7): For men, low grip strength 
(kg) was determined as ≤29 kg for BMI ≤24 kg/m2, ≤30 kg for BMI 24.1–26 
kg/m2, ≤31 kg for BMI 26.1–28 kg/m2 and ≤32 kg for BMI >28 kg/m2. For 
women low grip strength was determined as ≤17 kg for BMI ≤23 kg/m2, 
≤17.3 kg for BMI 23.1–26 kg/m2, ≤18 kg for BMI 26.1–29 kg/m2 and ≤21 
kg for BMI >29 kg/m2.4) Slow walking time: Time in seconds to walk a 
4-meter distance at a normal pace was evaluated, slow gait speed cut 
points were adjusted for height and sex specified by Fried and colleagues 
(7): For men, slow 4-m gait speed was determined as ≥7 s for height ≤1.73 
m and ≥6 s for height >1.73 m. For women, slow 4-m gait speed was 
determined as ≥7 s for height ≤1.59 m and ≥6 s for height >1.59 m. 5) 
Low physical activity: The short form of the International Physical Activity 
Questionnaire was administered (20). A metabolic equivalent (MET) 
minutes per week <600MET considered as low physical activity. Patients 
who met at least three criteria were considered to be frail, 1 to 2 criteria 
prefrail and zero as robust.

Disability
The Activities of Daily Living (ADL) (21) and instrumental activities of 
daily living (IADL) (22) were applied to define the disability. The ADL 
ranks adequacy of performance in six functions; bathing, dressing, 
toileting, transferring, continence, and feeding. Each item is evaluated on 
a three-point scale to determine whether a person functioned alone or 
required personal assistance partially or completely. (1=unable, 2=needs 
assistance, 3=independent) (23). After summing the six responses, a total 
maximum score of 18 points was obtained. Data recorded in this three-
point scale was translated into a dependent or independent dichotomy 
and a score of ≤12 points was considered as dependent and >12 points 

as independent. There are 8 domains of function measured with the 
IADL scale; ability to use the telephone, shopping, food preparation, 
housekeeping, laundry, mode of transportation, responsibility for own 
medications, and ability to handle finances. Each item is evaluated on 
a three-point scale (1=unable, 2=needs assistance, 3=independent) (23). 
After summing the eight responses, a maximum total score of 24 points 
was obtained; a score of ≤17 points was considered as dependent and 
>17 points as independent.

Mobility Assessment
The TUG test was applied by using a standard armchair (46 cm high). 
Patients were seated with their back against the chair. Patients were 
instructed to stand up from the chair without support, walk three meters 
marked on the floor, turn around, walk back to the chair, and sit down 
again. Patients were told that the test must be performed at a usual speed. 
The stopwatch was started on the word “start” and stopped as the patient 
sat down. The TUG time was measured in second (s) (24).

Mobility tests and structured questionnaires were applied by a 
geriatrician, anthropometric measurements were taken by a family 
physician, and tests for cognitive status and depression were carried out 
by a psychologist. All patients were examined by the same neurologist. 
All patients included in the study were evaluated in the morning, 1 to 2 
hours after taking their medications for PD.

The present study was approved by the Local Ethics Committee (Ethics 
Committee decision no: 2016/595). Informed consents were taken from 
the patients with intact cognitive function and from the closest relatives 
of patients with cognitive impairment.

Statistical Analysis
We described the frailty status of the study population as frail and nonfrail 
(prefrail and robust).

A descriptive analysis was performed based on frailty status. Histogram 
and q-q plots were examined to assess the data normality. A two-sided 
independent samples t test was conducted to compare the differences 
between continuous variables; while the Pearson chi-square test or 
Fisher exact test were used to compare differences between categorical 
variables. Receiver operating characteristic (ROC) curves were used to 
identify the discriminative effect the TUG mobility test had on frailty. 
Area under the ROC curves were calculated with 95% confidence 
intervals. The Youden index was applied to determine the optimal cut-off 
value. Sensitivity, specificity, and positive and negative predictive values 
were calculated with 95% confidence intervals. Univariate and multiple 
binary logistic regression analysis were used to identify the risk factors 
of frailty. Odds ratios (OR) were calculated with 95% confidence intervals 
(CI). Significant variables related with frailty (Gender, regular exercising, 
polypharmacy, H&Y stage, levodopa dose, and depression) at p<0.150 
on univariate analysis were taken in to multiple models and backward 
stepwise selection was performed using likelihood ratio statistic at 
p<0.10 stringency level. The calibration of the model was assessed using 
the Hosmer-Lemeshow goodness of fit test. p<0.05 was considered as 
statistically significant. Point biserial and Phi correlation coefficients 
were calculated to check for multicollinearity. Analyses were conducted 
using TURCOSA (Turcosa Analytics Ltd. Co., Turkey) statistical softwares 
(https://turcosa.com.tr/) and SPSS version 22.

RESULTS
Sixty six patients with idiopathic PD were enrolled in the study. The 
average age of the study population (mean ± standard deviation) was 
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Table 1. Number of positive components of FFI according to frailty status

Frailty componenets
 Frail

N=34 (51.5%)
 Non-frail

N=32 (48.5%)  p
 Odds ratio 

(% 95 CI)

 Exhaustion 31 (91.2%) 13 (40.6%)  <0.001 15.103 (3.803–59.981)

 Weakness 28 (82.4%) 5 (15.6%)  <0.001 25.200 (6.873–92.395)

 Low physical activity 27 (79.4%) 3 (9.4%)  <0.001 37.286 (8.742–159.036)

 Slow walking time 25 (75.8%) 7 (21.9%)  <0.001 11.161 (3.513–35.459)

 Weight loss 17 (50%) 8 (25%)  0.045  3.000 (1.055–8.531)

Figure 1. Distribution of IADL and ADL dependent patients according to both the stage of the disease and the positive components of frailty.

Table 2. Patient characteristics and frailty status

Variables All  (n=66) Frail  (n=34) Nonfrail  (n=32) p

Age 67.50 (63–72) 67.50 (60.00–72.25) 67.00 (62.00–71.00) 0.378

Gender

Female
Male

27 (40.9)
39 (59.1)

17 (50.0)
17 (50.0)

10 (31.3)
22 (68.8)

0.124

BMI kg/m2 30.13±5.04 30.52±5.08 29.71±5.05 0.517

Education

Illiterate
5 years
Over 5years

17 (25.8)
29 (43.9)
20 (30.3)

10 (29.4)
16 (47.1))
8 (23.5)

7 (21.9)
13 (40.6)
12 (37.5)

0.246

Marital status

Married
Widow

51 (77.3)
15 (22.7)

25 (73.5)
9 (26.5)

26 (81.3)
6 (18.8)

0.561

Income

Low
Middle/high

49 (74.2)
17 (25.8)

24 (70.6)
10 (29.4)

25 (78.1)
7 (21.9)

0.578

Current smoker

Yes
No

7 (10.6)
59 (89.4)

4 (11.8)
30 (88.2)

3 (9.4)
29 (90.6)

0.999

Regularly exercising

Yes
No

10 (15.2)
56 (84.8)

2 (5.9)
32 (94.1)

8 (25.0)
24 (75)

0.041

CCI 3.45±1.44 3.53±1.40 3.38±1.52 0.669
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67.9±5.9 (43.9% female and 56.1% male). The number of frail, prefrail, 
and robust were 34 (51.5%), 24 (36.4%), and 8 (12.1%), respectively. 
All the diagnostic components of the FFI significantly demonstrated 
positive scores in frail patients when compared to nonfrail (Table 1). 
Age, gender, BMI, education, marital status, and income did not differ 
between frail and nonfrail. The median duration of the disease in frail 
and nonfrail was 7.0 (4–10) and 5.0 (2–10) years, respectively (p=0.158). 
Two thirds of the frail patients had polypharmacy, experienced falls, had 
levodopa doses ≥400 mg, and were depressed. There were 10 patients 
with cognitive impairment and none of them had advanced dementia. All 
the ADL dependent patients were frail. The number of IADL dependent 
patients were four times more than the IADL independent patients in 
the frail group. Three out of four frail patients were in advanced stages 
of the disease and had fear of falling. A significant relationship of IADL 
dependency with frailty continued after adjusting for the stage of the 
disease (OR: 29.6, % 95 CI: 6.4–135.5, p<0.001). Distribution of IADL 
and ADL dependent patients according to both the stage of the disease 
and the frailty is shown in Figure 1. A significant relationship between 
patient characteristics according to frailty status (frail versus nonfrail) are 
described in Table 2. When gender, regular exercising, polypharmacy, 
H&Y stage, levodopa, and depression were taken into a model, 
multivariate logistic regression analysis, results revealed that higher 

Continuation of Table 2

Polypharmacy

Yes
No

38 (57.6)
28 (42.4)

23 (67.6)
11 (32.4)

15 (46.9)
17 (53.1)

0.090

H&Y scale

Early stages
Advanced stages

30 (45.5)
36 (54.5)

9 (26.5)
25 (73.5)

21 (65.6)
11 (34.4)

0.002

Levodopa

 ≥400 mg
 <400 mg

35 (53.0)
31 (47.0)

24 (70.6)
10 (29.4)

11 (34.4)
21 (65.6)

0.003

Urinary incontinance

Yes
No

39 (59.1)
27 (40.9)

21 (61.8)
13 (38.2)

18 (56.3)
14 (43.8)

0.651

Falls

Yes
No

34 (51.5)
32 (48.5)

22 (64.7)
12 (35.3)

12 (37.5)
20 (62.5)

0.028

Recurrent falls

Yes
No

46 (69.7)
20 (30.3)

19 (55.9)
15 (44.1)

27 (84.4)
5 (15.6)

0.012

Fear of falling

Yes
No

33 (50.0)
33 (50.0)

25 (73.5)
9 (26.5)

8 (25.0)
24 (75.0)

<0.001

ADL dependency

Yes
No

8 (12.1)
58 (87.9)

8 (23.5)
26 (76.5)

0 (0.0)
32 (100.0)

0.004

IADL dependency

Yes
No

30 (45.5)
36 (54.5)

27 (79.4)
7 (20.6)

3 (9.4)
29 (90.6)

<0.001

Depression

Yes
No

28 (42.4)
38 (57.6)

22 (64.7)
12 (35.3)

6 (18.8)
26 (81.3)

<0.001

Cognitive impairment

Yes
No

10 (15.2)
56 (84.8)

7 (20.6)
27 (79.4)

3 (9.4)
29 (90.6)

0.208

TUG (sn) 15.32 (11.47–17.02) 17.08 (15.68–22.46) 13.55 (10.40–15.33) <0.001

Values are expressed either as n (%), mean ± SD or median (1st–3rd quartiles). BMI: Body mass index, CCI: Charlson comorbidity index, H&Y: Hoehn and Yahr, ADL: Activities of 
daily living, IADL: Instrumental activities of daily living, TUG: Timed up and go

Figure 2. ROC curve to predict the optimal cut off of Timed Up and Go test in seconds 
for discrimination of frailty with an area under the ROC curve.
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Table 3. Univariate and multivariate logistic regression analysis results in identifying the risk factors of  frailty

 Univariate  Multivariate
Variable OR (95% CI) p OR (95% CI) p

Age 1.03 (0.94–1.12) 0.543

Gender

 Male 1.00 - - -

 Female 2.20 (0.81–6.01) 0.124 - -

Education

 Over 5years 1.00 -

 5 years 1.16 (0.35–3.90) 0.810

 Illiterate 2.14 (0.57–7.99) 0.257

Income

 Middle/high 1.00 -

 Low 1.49 (0.49–4.55) 0.485

Marital status

 Married 1.00 -

 Widow 1.56 (0.48–5.02) 0.456

Current smoker

 No 1.00 -

 Yes 1.29 (0.27–6.27) 0.753

Regular exercising

 Yes 1.00 - - -

 No 5.33 (1.04–27.42) 0.045 - -

CCI 1.07 (0.76–1.51) 0.663

Polypharmacy

 No 1.00 - - -

 Yes 2.37 (0.87–6.44) 0.091 - -

H&Y stage

 Early stages 1.00 - - -

 Advanced stages 5.30 (1.85–15.23) 0.002 - -

Levodopa 

 <400 mg 1.00 - 1.00 -

 ≥400 mg 4.58 (1.62–12.93) 0.004 6.28 (1.77–22.24) 0.004

Depression

 No 1.00 - 1.00 -

 Yes 7.94 (2.56–24.66)  <0.001 10.37 (2.82–38.12)  <0.001

Cognitive impairment

 No 1.00 -

 Yes 2.50 (0.59–10.69) 0.214

levodopa doses (OR: 6.28, CI: 1.77–22.24, p=0.004) and depression (OR: 
10.37 (CI: 2.82–38.12), p<0.001) were independent risk factors for frailty 
(Table 3). The Hosmer-Lemeshow test result χ2=0.325, p=0.850 revealed 
the appropriateness of the builted binary logistic regression model in 
order to predict the independent risk factors of the frailty. Correlation 
matrices among the independent variables showed significant but low 
collinearity with ∀r

i
<0.8, thus, we kept these variables in the model.

Twelve patients could not perform the TUG test due being unable to 
get up from the chair without support; one of whom also could not 
perform the 4-meter test. The median time of the TUG test was 3.53 

seconds longer in frail patients than the nonfrail (p<0.001). A long 

TUG test performance was significantly related with frailty with high 

sensitivity (0.806, CI: 0.625–0.925) and specificity (0.826, CI: 0.612–0.950) 

(AUC: 0.831). Positive and negative predictive values were 0.862 (CI: 

0.675–0.949) and 0.760 (CI: 0.559–0.928) respectively. The Youden Index 

determined the cut off value of the TUG as 15.36 seconds for prediction 

of frailty (Figure 2). Evaluation of the diagnostic components of the FFI 

revealed that the TUG discriminated the slow walking time, low physical 

activity, and weakness (AUC: 0.899, AUC: 0.795, AUC: 0.690, respectively) 

well but did not discriminate the weight loss or exhaustion (Figure 3).
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Depression is one of the most frequently reported neuropsychiatric 
disturbances in PD (27). Depression results in an earlier initiation of 
dopaminergic therapy, more functional decline, greater physical and 
cognitive deterioration, and increased mortality in PD patients (27). In our 
study, nearly half of the patients (42.4%) were depressed and depression 
was significantly related with frailty. Exhaustion as measured by the Fried 
criterion, is very common in depressed individuals and it has been showed 
that the risk of frailty increases if depressive symptoms are present while 
depression interferes with functional status and can facilitate further 
progression to frailty. In addition, it has been showed that severity of 
each frailty criterion was worse in depressed individuals (28). In our study 
exhaustion was found in 27 out of 28 (96.4%) depressed patients.

Advanced stages of idiopathic PD is associated with postural instability 
and severe disability that results in increased dependency. Both the ADL 
and IADL are good indicators of dependency in PD (29). In our study, 
the number of both ADL-dependent and IADL-dependent patients 
were significantly higher in advance stages. Also, frail patients were 
significantly more dependent in the ADL and IADL than the nonfrail 
and this relationship continued after adjustment with the stage of the 
disease. In this instance, not only the severity of the idiopathic PD, but 
also the co-existence of frailty may induce the worsening of disabilities 
and dependency in advanced stages of the disease (30).

The TUG is one of the most used tests to evaluate functional mobility in PD 
(9). A prolonged TUG test performance discloses a strong relationship with 
frailty and has been shown to be a strong predictor of frailty in community-
dwelling older adults (8). We performed ROC analysis and the Youden 

Figure 3. ROC curves of Timed Up and Go test in seconds for discrimination of the each diagnostic components of Fried Frailty Index.

DISCUSSION
A limited number of studies are present in the literature evaluating frailty 
in idiopathic PD (3–5). We found the prevalence of frailty as 51.5% in 
idiopathic PD patients by using the FFI. Previously Ahmed et al. studied 
the prevalence of frailty in PD and reported as 32.6% (3), Roland et al. 
evaluated the relationship between muscle activity and frailty in 13 
females with Parkinson disease; 3 of whom reported as frail (4) and in 
another study Roland et al assessed the quality of life with frailty in PD 
and reported one as frail and 19 as prefrail out of 29 PD patients (5). 
In all three studies the FFI had been used. In our study, exhaustion was 
the most prevalent component of the FFI in frail patients (91.2%) and 
the least prevalent component was weight loss (50%). Exhaustion is a 
disabling feature of PD and it was previously emphasized that exhaustion 
may be related to the changes within the peripheral or central nervous 
system, in PD patients (25). It also affects other components of frailty by 
declining physical capacity and leading to weakness and results in further 
vulnerability to frailty (5).

Frailty studies conducted with community-dwelling older adults 
have indicated that frailty is significantly related with older age, low 
education, low income, living alone, and multimorbidity (26). In our 
study none of these demographic variables were different between frail 
and nonfrail patients. However higher levodopa doses and depression 
were independently associated with frailty in idiopathic PD patients. 
Higher doses of levodopa is associated with an increased risk of motor 
complications like dyskinesia, which results in functional limitation and 
disability, and inevitably predisposes to frailty (17).
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index for prediction of frailty by applying the TUG test in idiopathic PD 
patients. A TUG test performance >15.36 seconds was strongly associated 
with frailty with high sensitivity and specificity. The TUG also discriminated 
weakness, low physical activity, and slow walking time well but could not 
discriminate the exhaustion and weight loss components of FFI. Similar 
findings have been mentioned in The Irish Longitudinal Study on aging 
in community-dwelling older adults (8). They concluded that the TUG 
discriminated components of frailty that become more common with age 
but did not discriminate components that do not, like unintended weight 
loss or exhaustion. In the context of these results the TUG test may be a 
reliable mobility test for awareness and prediction of frailty in patients 
with idiopathic PD and facilitating early interventions for frailty. While the 
FFI is time consuming and not a familiar tool for neurologist, the TUG is a 
well-known mobility test used by neurologists.

The main strengths of our study are that frailty was assessed with the 
FFI, which comprises objective measurements, and including frailty a 
comprehensive geriatric assessment was performed in idiopathic PD 
patients. Some limitations of this study are present. First is the small 
sample size may introduce an inference error, reduce power of analysis, 
and limit generalization of the results. Secondly, the cross-sectional design 
of the study limited interpretation of the direct cause-effect relationship 
between frailty and disability.

In conclusion, while frailty is highly prevalent in PD and strongly 
associated with disabilities, it is important to develop effective and 
applicable frailty interventions to prevent disability and improve physical 
functions and quality of life in PD patients (30). Due to the diversity of 
the PD findings and high prevalence of accompanied geriatric syndromes 
in PD patients, a multidisciplinary approach is needed in these patients, 
including geriatricians.
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