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ABSTRACT

Background: A better physical fitness may have survival advantages in adults. 
Aim: To analyze the relationship between cardiorespiratory fitness and cardio-
vascular risk factors among obese subjects aged 58 years and older. Material and 
Methods: Cardiorespiratory fitness using the six-minute walk test, body composi-
tion by dual-energy x-ray absorptiometry and blood pressure were measured in a 
non-representative sample of 76 obese Portuguese subjects aged 58 to 87 years (55 
women). Participants were stratified in tertiles of walking capacity according to the 
six-minute walk test. Results: Six minutes walk test results were negatively correlated 
with percentage body fat (r = -0.28; p = 0.012) and systolic blood pressure (r = -0.23; 
p = 0.045). Participants located in the lowest tertile for the six minutes walk test 
had an odds ratio of 4.34 (95% confidence intervals: 1.02-18.43) for elevated blood 
pressure. Conclusions: A lower six minutes walk test result is associated with a higher 
risk for high blood pressure.  

(Rev Med Chile 2012; 140: 1164-1169).
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Asociación entre el test de caminata  
de seis minutos y factores de riesgo  

cardiovascular en portugueses obesos
Antecedentes: Una mejor condición física se asocia a mejor sobrevida en adultos. 

Objetivos: Estudiar la relación entre condición física y factores de riesgo cardiovas-
cular en obesos mayores de 58 años. Material y Métodos: Se midió la capacidad 
cardiorrespiratoria mediante la prueba de caminata de seis minutos, composición 
corporal mediante densitometría de doble fotón y presión arterial en una muestra no 
representativa de 76 portugueses de 58 a 87 años (55 mujeres). Los participantes se 
estratificaron en terciles de acuerdo a los resultados de la prueba de seis minutos. Re-
sultados: Los resultados de la prueba de caminata de seis minutos se correlacionaron 
negativamente con el porcentaje de grasa corporal (r = -0,28; p = 0,012) y presión 
sistólica (r = -0,23; p = 0,045). Los participantes ubicados en el tercil más bajo de la 
prueba de caminata de seis minutos tenían una razón de riesgo para hipertensión 
arterial de 4,34 (intervalos de confianza de 95%: 1,02- 18,43). Conclusiones: Una 
prueba de caminata de seis minutos con bajos resultados se asocia a un mayor riesgo 
de hipertensión arterial.
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Ageing is an inevitable process of human 
development, which is composed by many 
physical transformations, such as decrea-

se of muscle mass (sarcopenia) and increase of 
adiposity1-3. These changes play a critical role in 
quality of life, physical status4-6 and are positively 
associated with higher cardiovascular risk and 
mortality7. Thus, in both developed and develo-
ping nations higher age is positively associated 
with higher occurrence of unhealthy outcomes, 
such as obesity8, arterial hypertension9,10 and me-
tabolic syndrome11.

On the other hand, although these inevitable 
physiologic processes have an important role in 
the development of chronic diseases in elderly po-
pulations, behavioral variables such as a reduced 
physical activity level (PAL) may have a crucial role 
in the development of these diseases12-15.

Higher PAL is beneficially associated with 
many health indicators such as lower blood pres-
sure values and reduced insulin resistance, and 
also has a strong relationship with higher physical 
fitness16. Then, due to this relationship between 
physical fitness (maximum oxygen uptake) and 
PAL, cardiorespiratory fitness can be utilized as 
a cardiovascular risk indicator in elderly popu-
lations, and in turn, field tests to measure car-
diorespiratory fitness could be applied by health 
professionals as prevention strategies for screening 
individuals at risk.

Treadmill tests with incremental protocols 
and maximum  oxygen uptake are gold standards 
for cardiorespiratory fitness measurements. This 
method presents elevated cost as well as requires 
equipments, and for this reason, it cannot be used 
in large populations. On the other hand, higher 
cardiorespiratory fitness can be indicated by six-
minute walk test (6MWT). The 6MWT is a simple 
and inexpensive procedure which has a strong 
relationship with maximum oxygen uptake in el-
derly populations17. However, there are no cutoffs 
for 6MWT performance in this population and its 
relationship with cardiovascular risk factors must 
be clarified among elderly populations.

The inverse relationship between higher car-
diorespiratory fitness and lower cardiovascular 
risk is clear among normal subjects; however, it 
is not clear whether this relationship occurs in 
obese subjects. Thus, the purpose of the present 
study was to analyze the relationship between 
cardiorespiratory fitness, indicated by 6MWT, and 

cardiovascular risk factors among obese men and 
women aged 58 years and older.

Material and Methods

Subjects
The studied sample was composed by 76 obese 

Portuguese individuals (21 men and 55 women) 
with age ranging from 58 to 87 years. In the present 
study we defined obesity as percentage of body fat 
≥ 25 and ≥ 30, for men and women, respectively. 
Subjects were informed about the research design 
and signed a consent form according to the regu-
lations of the Ethical Committee of the Faculty of 
Human Kinetics, Technical University of Lisbon. 
After a fasting of 12 hours, subjects came to the 
laboratory where all measurements and testing 
were carried out on the same morning.

Anthropometry
After voiding, body weight and height were 

measured on an electronic scale with a stadiometer 
(SECA, Hamburg, Germany). Weight was recor-
ded to the nearest 0.01 kg and height nearest 0.1 
cm according to the procedures described by Gor-
don et al.18. Waist circumference was measured 
on standing subjects with a tape passing mid-way 
between the lowest rib, and the iliac crest19. Body 
mass index (BMI) in kilograms per squared meter 
was calculated from weight (kg) and height (m). 
All participants were wearing minimal clothing 
during the measurements.

Cardiorespiratory fitness 
The cardiorespiratory fitness was estimated 

through the six-minute walk test (6MWT). The 
test followed the protocol of the Senior Fitness 
Test and consisted of walking around a rectangle 
of 20x5yd (i.e., 50-yd) on a flat surface, and cones 
were used to mark the corners and perimeter of 
the rectangle. The 6MWT is used to measure the 
maximum distance that a person can walk in 6 
minutes. The test was administered by experienced 
appraisers and the participants received verbal 
encouragement. For analysis effect the maximum 
distance traveled was established in meters. The 
results reached in 6MWT (meters) were computed 
and stratified into tertiles according to gender. 
Thus, regarding 6MWT length, the sample was 
distributed as highest (HIG-P), middle (MID-P) 
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and lowest (LOW-P) performance for men (HIG-
P: ≥ 615.40 m; MID-P: 615.39 - 560.79m; LOW-P: 
≤ 560.78 m) and women (HIG-P:  ≥ 552.96 m; 
MID-P: 552.95 - 497.41 m; LOW-P: ≤ 497.40 m).

Blood pressure 
Blood pressure (BP) measurements were obtai-

ned by a trained technician with aneroid/column-
mercury sphygmomanometer and were standardi-
zed for cuff size and position. Measurements were 
made on three separate visits. At each visit, after 
15 minutes of sitting rest, BP was measured in the 
right arm in the sitting position three times, with 
two minute between readings. The mean of three 
consecutive readings was used as the examination 
value day and the mean BP of all screening visits 
was used as final BP. Hypertension was defined as 
systolic blood pressure (SBP) ≥ 140 mmHg and/
or diastolic blood pressure (DBP) ≥ 90 mmHg.

Body composition
To estimate body fat mass (FM), fat free mass 

(FFM), percentage of fat (%FM), and fat trunk 
(FT), dual-energy x-ray absorptiometry (DXA) 
measurements were made with a total body 
scanner (QDR-1500, pencil-beam mode, soft-
ware version 5.67 enhanced whole-body analyses; 
Hologic, Waltham, MA, USA) that measured the 
attenuation of X-rays pulsed between 70 and 140 
kV synchronously with the line frequency for each 
pixel of the scanned image. Following the protocol 
for DXA described by the manufacturer, a step 
phantom with six fields of acrylic and aluminum 

of varying thickness and known absorptive pro-
perties was scanned alongside each subject to serve 
as an external standard for the analysis of different 
tissue components. After removing all objects 
suspected or known to contain metal, participants 
were positioned supine on the scanning table, by 
the same laboratory technician. The analyses were 
executed according to the operator’s manual using 
the standard analysis protocol. Based on ten sub-
jects, the coefficient of variation in our laboratory 
for FM was 2.9% and for FFM was 1.7%.

Statistical analysis
Initially, normality was assessed and rejected 

(Kolmogorov-Smirnov’s test). Thus, numerical 
variables were compared through Mann-Whitney 
tests and the Spearman’s rank indicated the rela-
tionship among the analyzed variables. The chi-
squared test (χ2) was used to evaluate associations. 
After the χ2 use, the logistic regression, represented 
by the odds ratio (OR) and 95% confidence inter-
val (OR

95%CI
), was carried out. Statistical software 

SPSS 16.0 was used for all data management and 
the significance was set at 5%.

Results

The sample studied indicated that across the 
genders, men presented both less body fat percen-
tage (29.2%) and higher performance (~13%) in 
the 6MWT than women (Table 1).

In both genders the higher performance in 
6MWT was negatively correlated with age (male: 

Table 1. General characteristics of the studied sample (n = 76)

Variables Male (n = 21)
Median (IR)

Female (n = 55)
Median (IR)

Z P

Age (years) 71     (10) 71       (10) -0.111 0.912

sBP (mmHg) 144     (30) 148       (33) -0.360 0.719

dBP (mmHg) 77     (20) 71       (18) -2.255 0.024

%BF 29.8 (5.2) 42.1   (6.5) -5.930 0.001

BMI (kg/m2) 27.6 (2.9) 27.6   (6.1) -0.796 0.426

Wc (cm) 99.4 (8.1) 99.8 (15.4) -0.250 0.803

Ft (kg) 13.3 (3.8) 14.6   (7.4) -0.203 0.839

6MWt (m) 600  (92.5) 533     (104) -3.550 0.001

6MWt= six minutes walk test; Ir= interquartile range; BMI= body mass index; %BF= body fat percentage; Wc= waist cir-
cumference; Ft= fat trunk; sBP= systolic blood pressure; dBP= diastolic blood pressure.
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Table 3. Age and gender adjusted odds ratios (95% confidence intervals) for association  
between hypertension and 6MWT performance (n = 76)

Independent variable Outcome: arterial hypertension
n (%) OR (OR95%CI) p

6MWt loW-P 20 (76.9) 4.34 (1.02 - 18.3) 0.046

MId-P 19 (70.4) 3.62 (1.01 - 13.01) 0.048

HIg-P   9 (39.1) 1.0 ---

or= odds ratio; 95%cI= 95% confidence interval; loW-P= lowest performance in 6MWt; MId-P= middle performance in 
6MWt; loW-P= highest performance in 6MWt.

Table 2. Relationship between physical fitness and cardiovascular risk factors (n = 76)

Hemodynamic General Adiposity Central Adiposity
SBP DBP BMI %BF WC FT

6MWt -0.23 0.12 -0.08 -0.28 -0.04 -0.04

P  0.045 0.293  0.452  0.012  0.680  0.678

6MWt= six minutes walk test; BMI= body mass index; %BF= body fat percentage; Wc= waist circumference; Ft= fat trunk; 
sBP= systolic blood pressure; dBP= diastolic blood pressure.

r = -0.62; p = 0.002 / female: r = -0.52; p = 0.001). 
Moreover, age was related with SBP (r = 0.36; p = 
0.006) and FT (r = 0.31; p = 0.021), only in female 
gender. The nonparametric correlation indicated 
that there was a statistically significant relationship 
(both genders) between higher physical fitness and 
lower SBP and %BF (Table 2).

The chi-square test indicated that there was an 
association between highest 6MWT performance 
and hypertension presence (χ2 = 7.193; p = 0.007). 
However, there was no such association for ele-
vated waist circumference (χ2 = 0.085; p = 0.771), 
and highest FT group (χ2 = 0.000; p = 0.984). Thus, 
in the logistic regression (Table 3), the magnitudes 
of these associations were assessed, and significant 
values of OR in lowest performance’ group were 
found (Middle tertile: OR = 3.62 [OR

95%CI:
 1.01-

13.01]; p = 0.048 and Lowest tertile: OR= 4.34 
[OR

95%CI:
 1.02-18.39]; p = 0.046).

Discussion

Studies suggest that aging causes a progressive 
decrease in physical function due to a continued 
decline in muscle mass20 and strength21. These 
impairments affect activities of daily living and 
quality of life. Moreover, frailty is associated with 
limitations in basic or instrumental activities of 

daily living22. Therefore, the higher PAL/physical 
fitness could present a protective effect over all 
these unhealthy outcomes among older people. 
Apparently, this age effect on 6MWT is influen-
ced by gender, because men have more elevated 
performance than women. This result agrees with 
previous data, where among subjects aged 40 to 
80 years, Enright and Sherrill17 recorded a median 
6MWT distance of 576 m for men (n = 117, me-
dian age = 59.5 years) and a median distance of 494 
m for women (n = 173, median age = 62.0 years). 
This gender effect over 6MWT performance could 
be justified because men have more muscle mass 
than women, and in turn the sarcopenia would 
affect more strongly women performance.

The negative relationship observed between 
higher adiposity and lower physical fitness agrees 
with previous data observed in adolescents23 and 
adults24. Given the existence of these results in 
different age groups, it may indicate that it oc-
curs throughout life, thus, low scores in 6MWT 
could also be utilized as indicators of higher 
cardiovascular risk among elderly. However, the 
absence of internationally recognized cutoffs for 
6MWT performance among elderly individuals 
constitutes a limitation which must be focused in 
further studies.

Abdominal adiposity is associated with a hig-
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her occurrence of cardiovascular disease25 because 
it is associated with increased release of adipokines 
related to a variety of inflammatory processes in 
the human organism26,27. Thus, the existence of an 
inverse association between central adiposity and 
6MWT would indicate an additional screening 
characteristic of cardiovascular risk. However, the 
lack of association between FT/WC and 6MWT 
observed in our study is in disagreement with 
previous cross-sectional observations28, which 
showed a significant association between fat mass 
and body fat distribution with reported disability 
and physical performance. This dissociation could 
be confounded by %BF, because this sample was 
composed only by obese subjects.

In the present study, even among obese sub-
jects, less fit subjects were four times more likely 
to have hypertension than those who were more 
fit, and this trend was also observed in the middle 
group for 6MWT performance. In fact, there is 
previous data in the literature indicating that 
physical exercise increases nitric oxide production 
without reduction in body weight29. Additionally, 
also without modifications in body composition, 
physical exercise decreases blood concentration 
of inflammatory adipokines related to insulin 
resistance30, which has a relevant burden in the 
development of endothelial dysfunction26. Our 
findings suggest that the above mentioned mecha-
nisms occur also in obese older adults.

Utilization of accurate methods to assess body 
composition is a strength point of the study; howe-
ver, its limitations must be recognized. First, we 
admit that the small sample size could reduce the 
power to detect differences, and the cross-sectional 
design that cannot establish temporal relationship 
(causality) are the main limitations of this study. 
Second, ageing is a potential confounder related 
to analyzed outcomes and, therefore, future inves-
tigations should stratify the sample into different 
age groups, as well as, it would be of interest 
to correlate physical behaviour with social and 
working earning capacity. Finally, other potential 
confounders should be taken into account in fu-
ture studies, such as diagnosis of type 2 diabetes 
mellitus and smoking habits.

In conclusion, independently of obesity pre-
sence, this study identified an inverse association 
between higher 6MWT performance and decrea-
sed hypertension rate among Portuguese adults 
aged 58 years and older.
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