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Abstract
Background: Stroke patients often experience functional ambulation difficulties and lack ability to walk 
independently due to the reduction cardiorespiratory fitness so that an understanding of the relationship 
between fitness levels cardiorespiratory with functional mobility ability is needed, especially for thrombotic 
infarction stroke patients..

Objectives: This study aims to assess the relationship between cardiorespiratory fitness levels with functional 
mobility ability in the first three months after thrombotic infarction stroke. 

Method: Subjects are 38 post trombotic infarction stroke. Functional mobility is measured by the Timed Up 
and Go test. Subjects were asked to stand up from a chair whose seat is ± 46cm and the height of its back is 
65cm, walk as far as 3 m, turn 1800, walk back and sit back. Data were analyzed and performed statistical 
test using SPSS 17.

Results: The study showed the average TUG test was 15.56-7.79 seconds with the longest travel time was 
37.38 seconds and the fastest travel time was 8.16 seconds. The average of VO2max was 10.62 ± 2.31mL / 
kg / min, with the lowest VO2max yield of 5.78mL / kg / min and the highest was 14.54mL / kg / minute. The 
TUG test had a negative correlation with VO2max the 6 minute walk test result.

Conclusion: There is a significant relationship between cardiorespiratory fitness level and functional 
mobility abilities in post thrombotic infarction stroke patient. 
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Introduction
Stroke incidence approximately occurs in 15 million 

population per year worldwide, 5 million people died and 
5 million people experiencing sequelae and permanent 
disability 1–4.Stroke prevalence in Indonesia is 12.1 per 

1,000 population 5. The number of stroke incidences 
continues to increase along with rising risk factors and 
elderly population and can affect quality of life 6 that 
leads to appropriate treatment 7,8. Motor impairment 
is the main cause of disability and limited mobility in 
individual with stroke 9. Mobility recovery is the main 
purpose of stroke patient during rehabilitation since 
it serves as the key factor to be independent in daily 
activities 10.

Stroke patient commonly has functional ambulation 
difficulties and reduced ability to walk independently 
due to decreased cardiorespiratory fitness, changes 
in neuromotor control and increased energy required 
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for daily activities 11. Other research pointed out that 
improved Timed Up and Go (TUG) score was obtained 
in the first week until 3 months after stroke, while there 
was no significant change after those periods, and the 
patterns of mobility recovery differed by age groups. 
The age group above 80 suffer from decreased mobility 
in the third until the twelfth month after stroke, while 
mobility in other age groups tends to be stable 12.

Cardiorespiratory fitness decreases significantly in 
post-stroke patients. It brings negative effects to walking 
speed, endurance and performance in daily activities 
and stroke patient independence. Other study obtained 
minimum VO2max (peak oxygen consumption) for age 
group of 85 to live independently was 17.7 mL/kg/
minute for male and 15.4 mL/kg/minute for female 12. 
Minimum VO2max in order to perform daily activities is 
15 mL/kg/minute 13. MacKay-Lyons and Makrides, in 
their study on assessing VO2max in post-stroke patients 
after 1 month with body weight supported female, found 
average VO2max was 14.4±5.1mL/kg/minute or around 
60% of prediction value based on age and sex 14.

Stroke patient has low cardiorespiratory fitness. 
Average VO2max is an indicator of average aerobic 
capacity from 11.7±3.7 mL/kg/minute to 17.3±7.0 mL/
kg/minute or around 50-60% of normal value based 
on age and sex. Low training capacity is a result of 
increased energy usage to walk due to paretic deficits. 
These deficits also cause low social participation and 
life quality 15. The study is then aimed to investigate the 
correlation between cardiorespiratory fitness level and 
functional mobility ability in the first three months after 
thrombotic infarct stroke, factors affecting functional 
mobility ability and cardiorespiratory fitness level. 
Previous study found a correlation between TUG score 
and distance achieved in 6-minute walking test 16.

Method
An observational analytic study was carried out at 

Medical Rehabilitation Unit of Dr. Soetomo Teaching 
Hospital, Surabaya, Indonesia from June 2015 using 
cross sectional study design. The samples were taken 
using consecutive sampling after fulfilling the inclusion 
criteria: post-thrombotic infarct stroke patients aged 21-
70 (first stroke attack or recurrent attack) with unilateral 
or bilateral hemiparesis (leg muscle strength ≥3), 
onset ≥2 weeks until 3 months after thrombotic infarct 
stroke, subjects could walk 10 meters without aid, non-
assistant, could comply with simple orders and signed 

informed consent. The study protocol was approved by 
the ethics committees of Dr. Soetomo Teaching Hospital 
(Surabaya, Indonesia). 38 eligible subjects’ functional 
mobility ability were measured using TUG test and 
6-minute cardiorespiratory fitness test. The data were 
analyzed using SPSS 17.0 (SPSS, Inc., Chicago, IL)

Results
Subjects’ characteristics

There were 38 subjects, consisting of 26 males and 
12 females. The youngest and oldest subjects were 39 
and 69 years old, respectively, with subjects’ average 
age was 55.13±8.29. The subjects’ average body mass 
index (BMI) was 24.25±4.05 kg/m2, The subjects’ 
average stroke onset was 6.60±3.20 weeks. There were 
32 subjects (84.2%) with first stroke attack, 16 subjects 
with right right-sided hemiparesis and 22 subjects 
with left-side hemiparesis. There were 2 subjects used 
walking aids. There were 16 subjects with diabetes 
mellitus history, 36 with hypertension history, 11 
with smoking history and 1 with alcoholic history. All 
subjects had lower extremity muscle strength ≥3. Male 
subjects’ muscle motor strength of paretic lower limb 
was better than female subjects after enhancement. 33 
subjects (86.8%) were post-stroke patients who had first 
visitation to Medical Rehabilitation Unit of Dr. Soetomo 
Teaching Hospital, Surabaya, Indonesia and had not 
received rehabilitation therapy, while the rest 5 subjects 
(13.1%) had more than one visitations and received 
rehabilitation therapy.

Results of TUG and 6-minute walking tests

The results of functional mobility test using TUG 
test in 38 subjects showed average TUG time was 
15.56±7.69 seconds, with longest and shortest TUG 
time were 37.38 seconds and 8.16 seconds, respectively 
(Table 1). 

Table 1. Results of TUG test and VO2max

Variabel n Mean SD Range value

TUG 38 15.56 7.69 8.16-37.38

VO2max 38 10.62 2.31 5.78-14.54

Table 2 showed mean rank of TUG time of all 
variables (sex, diabetes mellitus, smoking history, 
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hypertension history and hemiparesis).

Table 2. TUG test on variables

Variable n Mean rank TUG P

Sex M 26 16.96 p = 0.038

F 12 25.00

Diabetes mellitus Yes 16 17.63 p = 0.375

No 22 20.86

Smoking Yes 11 18.55 p = 0.735

No 27 19.89

Hypertension Yes 36 20.14 p = 0.133

No 2 8.00

Hemiparesis Right 16 14.5 p = 0.906

Left 22 16.3

The results of cardiorespiratory fitness assessment using 6-minute walking test showed the VO2max were 
14.54mL/kg/minute and 5.78mL/kg/minute, respectively. Table 3 showed average VO2max of all variables (sex, 
diabetes mellitus, smoking history, hypertension history and hemiparesis).

Table 3. VO2max of all variables

VO2max variables n Mean±SD SD P

Sex M 26 11.32 1.91 p = 0.004

F 12 9.10 2.42

DM Yes 16 10.64 2.73 p = 0.975

No 22 10.61 2.01

Smoking Yes 11 10.64 2.42 p = 0.970

No 27 10.61 2.31

Hypertension Yes 36 10.54 2.34 p = 0.343

No 2 12.15 0.74

Hemiparesis Right 16 10.79 2.16 p = 0.702

Left 22 10.50 2.45

Association between cardiorespiratory fitness and 
functional mobility ability

Spearman’s correlation test showed a negative 
correlation between TUG time and VO2max. TUG time 

correlated with age (r = 0.387, p = 0.016), while it had 
no correlation with onset (r = 0.106, p = 0.525) and BMI 
(r = 0.183, p = 0.270). VO2max did not correlate with age 
(r = -0.168, p = 0.313), onset (r = -0.277, p = 0.092) and 
BMI (r = 0.158, p = 0.343; Table 5).
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Table 4. Correlation between TUG test and 
VO2max

TUG

VO2max
r
p

-0,803
0.0001*

r: correlation coefficient; *significant correlation in p 
<0.01 (2-tailed)

Table 5. Correlation between TUG test and age, 
onset and BMI

Variable TUG VO2max

Age
R P r P

0.387 0.016** -0.168 0.313

Onset 0.106 0.525 -0.277 0.092

BMI -0.183 0.270 0.158 0.343

r: correlation coefficient; **significant correlation in p 
<0.05 (2-tailed)

Discussion
The study found that there is a correlation between 

cardiorespiratory fitness level and functional mobility 
ability in post-thrombotic infarct stroke patients. The 
higher the VO2max in 6-minute walking test, the lower 
the TUG score. Cardiorespiratory fitness decreased, 
VO2max <25.2 ml/kg/minute is associated with increased 
stroke risk and ischemic stroke, and this is a modifiable 
risk factor that requires training intervention for 
increased cardiorespiratory fitness 17 .The average TUG 
time in subjects with average stroke onset of 6.60±3.20 
weeks was 15.56±7.69 seconds, faster than the finding 
of Persson et al. They found TUG score of 17.0±11.0 
seconds in the first-week test, slower than three-
month evaluation (14.5±10.0 seconds) 12. It was due 
to improving process of post-stroke impairment, non-
optimal lower limb muscle strength improvement and 
greatest mobility improvement in the first three month 
after stroke 12.There were 36 subjects (94.7%) with 
hypertension risk factor, 16 DM subjects (42.1%) and 
11 active smokers (28.9%). Hypertension risk factor has 
been known to increase stroke risk five times, DM and 
smoking increase stroke risk twice 18.

VO2max in stroke patients ranged from 11.4±3.7 to 
17.3±7.0 ml/kg/minute or around 50-60% compared to 
normal subjects with same age and sex. Lower training 
capacity can be exacerbated by increased energy used 
in each movement associated with functional deficit and 
decrease social participation that result in poor quality 
of life 19.The VO2max was measured using training test 
as a gold standard to assess cardiorespiratory fitness. 
Stroke patients have limitations in performing training 
test due to decreased strength and sensory impairment 
11. Six-minute walking test is a submaximal test since 
patients determine their own walking speed. The test 
is performed in 100-feet track or around 30 meters in 
accordance with American Thoracic Society (ATS) 
guidelines 20. The study used 10-meter track since 
subjects in the study were subacute post-stroke patients 
who had not performed stress test. Therefore, emergency 
condition could be easily detected, and patients could 
be immediately treated. Pohl et al. in their study used 
10-meter track for initial screening before conducting 
6-minute walking test 21.

The average VO2max was 10.62±2.31 ml/kg/minute, 
a little bit lower than the finding of Tang et al. (12.3±3.1 
ml/kg/minute) 11. Pohl et al. in their study in 72 subjects 
found average distance obtained in 6-minute walking 
test was 215.8±91.6 meters in 73.3±26.8 days of onset 
21, a little bit higher than the result found in the study 
(206±78.6 meters). Normal distance obtained in the 
6-minute walking test was 593±57 meters for female and 
638±44 meters for male 22. The study found a slightly 
lower distance than Pohl et al. since subjects in their 
study had received training program, either strength, 
balance or endurance in lower and upper limbs for 12 
weeks 16. On the other hand, 86.8% of our subjects 
were post-stroke patients who first visited medical 
rehabilitation unit. Pohl et al. used 30-meter track, while 
we used 10-meter track that required a lot of time for 
turning.

Cardiorespiratory fitness varies from age, sex, 
physical activity level, body composition and chronic 
or disability presence 14. In this study, VO2max obtained 
from 6-minute walking test was not significantly affected 
by age, stroke onset, hemiparesis and BMI. Subjects 
were relatively young (55.13±8.29), hence there was no 
decreased muscle mass and strength that subsequently 
shortened the distance. All subjects were in subacute 
phase. Our findings were not affected by BMI since 
47.4% of all subjects had normal BMI. Subjects with 
obesity had a shorter distance. Nevertheless, VO2max was 
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significantly different by sex since male had a longer 
distance compared to female. Male was higher than 
female, therefore they had a wider stride length when 
walking 22. VO2max was significantly difference due 
to hypertension risk factor, DM and smoking habit. In 
this study, blood pressure in subjects with hypertension 
history was controlled by drugs. Subjects in this study 
were dominated by non-DM patients (57.9%) and 
non-smokers (71.1%). Dourado et al. found arterial 
hypertension and smoking significantly affected distance 
during 6-minute walking test 23. The study found around 
40% of post-stroke cardiorespiratory fitness decreased 
compared to normal people. 

The study found significant TUG time and age 
differences between male and female subjects (p = 
0.038 and p = 0.016, respectively). It might be due to 
male subjects (68.4%) were more than female subjects 
(31.6%), and male’s lower limb motoric improvement 
was better than female’s. Subjects aged <60 were 24 
(63.2%). There was no decreased muscle mass, muscle 
strength and coordination in this age group. The study 
found no significant TUG time difference based on 
onset, BMI, hemiparesis side, DM history, hypertension 
and smoking. TUG score in the previous studies were 
affected by muscle strength, balance, coordination, 
spasticity and postural control anticipation 9,16,24. Ng et 
al. found a negative correlation between walking speed 
and TUG score at a comfortable pace, even though TUG 
test is a series of movements and commands requiring 
balance control of muscle strength and coordination 16.

In this study, post-stroke patient’s TUG time was 
longer than healthy subject. It indicated decreased 
functional mobility ability in post-stroke patients, in 
which subjects are still independently capable of main 
transfer with or without aids, but are at risk of failing. 
Distance in 6-minute walking test is used to calculate 
VO2max as it reflects a person’s cardiorespiratory fitness 
level. In this study, VO2max was negatively correlated 
with TUG time. The longer the distance, the larger the 
VO2max, and it shows better cardiorespiratory fitness. 
The shorter the TUG time, the better the mobility status. 
Therefore, the higher the VO2max, the shorter the TUG 
time. It indicates that subject with better cardiorespiratory 
fitness level has better functional mobility 16

Conclusion
The study showed a significant correlation between 

cardiorespiratory fitness level and functional mobility 

ability in post-thrombotic infarct stroke patients. The 
higher the VO2max in 6-minute walking test, the lower 
the TUG score.
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