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ORIGINAL RESEARCH

Physiological Characteristics of Surgical 
Patients With Obesity in Response to the 

6-Min Walk Test
Natalie A. Smith, MD1,2, Peter L. McLennan, PhD1, Gregory E. Peoples, PhD1

ABSTRACT 
Background: Overall health and fitness contribute to surgical experience and recovery. The aim of this study was to describe 
an array of physiological characteristics in a presurgical patient cohort with obesity as a function of their sustained walking 
speed.
Methods: We performed a prospective single-center cohort study in Wollongong Hospital, Australia from 2016 to 2018. 
Patients (N = 293) with severe obesity completed a 6-min walk test and were classified as either slow or fast walkers according 
to the cut point of 0.9 m·s−1 (2 mph). These groups were compared for anthropometry, comorbidities, respiratory and cardio-
vascular physiology, blood biomarkers, patient-centered outcomes, and perception of effort.
Results: Slow walkers (n = 115; age 65 [63 to 67] years; mean [95% confidence interval]) and fast walkers (n = 178; age 54 
[52 to 56]; P < 0.05) were not different in body weight but were different for body mass index (slow 43.2 [42.0 to 44.4] versus 
fast 41.1 [40.5 to 41.8]; P < 0.05). Cardiovascular disease and renal disease were more prevalent in slow walkers. Respiratory 
physiology reflective of restrictive lung disease (force vial capacity [L] slow 2.61 [2.45 to 2.77] versus fast 3.34 [3.19 to 3.47]; 
P < 0.05) was more common in slow walkers, who also reported higher dyspnea ratings. Resting cardiovascular characteristics 
were not different, although N-terminal pro-B-type natriuretic peptide levels were higher in the slow group (P < 0.05). Quality 
of recovery at postoperative day 30 was higher in the fast walking group.
Conclusion: In this Australian cohort, patients with obesity undergoing nonbariatric surgery differed in their physiological 
profiles according to walking speed. This study supports the need to appreciate the physical fitness of patients beyond simpli-
fied body weight and classification of obesity in the perioperative period.
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INTRODUCTION
Successful ambulation is critical for activities of daily living. 
Walking speed is correlated with a number of indices of 
long-term health and is a strong independent predictor of 
disability, healthcare utilization, nursing home admission, 
and mortality (1,2). The ability to maintain fast walking over 
moderate distances is a proxy measure of aerobic capacity. 
Fitness is a predictor of mortality in older adults and is inde-
pendent of overall and abdominal adiposity (3–6). Notably, 

the influence of low cardiorespiratory fitness on mortality 
has been shown to be similar to that of coronary artery dis-
ease, smoking, and diabetes (all with hazard ratios of 1.3 to 
1.4) (6).

Body composition may play an important role in the 
complex interaction between energetics, mobility, and aging 
(7,8). The amount of energy consumed per kilogram of body 
weight in basic activities such as walking is related to body 
composition, but the relationship may be complex and 
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counter intuitive. For example, more muscle mass may 
facilitate activity and help stabilize gait but may also 
increase energy requirements and consumption. A higher 
fat-to-lean mass ratio is associated with a lower energy 
requirement for essential activities but is also associated 
with a lower reserve capacity and lower overall energy 
available for physical activity (2). Aging, obesity, and spe-
cific metabolic diseases affect the anatomical, metabolic, 
and functional characteristics of muscle in addition to 
changes in absolute muscle mass.

Severe obesity, defined as a body mass index (BMI) 
greater than or equal to 35 kg·m−2 with or without comorbidi-
ties, is becoming more common in western society (9,10). 
Twenty-eight percent of Australian adults are obese, with the 
rate of severe obesity nearly doubling (4.9% to 9.4%) over 
the past 2 decades (11). As a result, patients present for sur-
gery are often obese. Local area health data from Illawarra 
(New South Wales), Australia, reported that 35% of the 
general surgical population was obese, which rose to up to 
55% for certain operations such as laparoscopic cholecystec-
tomy (12). Most patients with severe obesity will journey 
through a surgical episode with only minor problems, but 
some will experience serious events due to the severity of 
their obesity and underlying systemic diseases (13,14).

Exercise tolerance is multifactorial and is determined 
by psychological, physiological, and physical limitations 
(15). During sustained walking, several factors are known to 
influence the ability of people with obesity to continue or 
stop. Psychological factors include perceptions related to 
encouragement, tolerance of discomfort, and achievement of 
goals. Central physiological limitations include mechanical 
restriction of the chest wall, small airway obstructive dis-
ease, and reduced left ventricular compliance and strain 
influencing cardiac output (16). Peripheral physiological 
effects of obesity include an altered uptake of oxygen and 
oxidative capacity in skeletal muscle, which contributes to 
reduced aerobic capacity (17). Physical factors include skin 
friction, urinary incontinence, varicose veins, lower body 
joint pain, and leg bulk (18). Increased body mass adds to 
the complex concept of mechanical efficiency (8). The over-
all impact of severe obesity is that cardiorespiratory fitness 
is often reduced, which is reflected in the ability of an indi-
vidual to tolerate physiological stress. Our previous work 
demonstrated that people with a slow or incomplete 6-min 
walk test (6MWT) had worse postoperative patient-centered 
outcomes than those who walked faster (19,20). The most 
useful cutoff value appeared to be a 6-min walk distance of 
308 m, equivalent to a sustained walking speed of 0.9 m·s−1 
(2.0 mph), which is in agreement with the poor overall health 
and physical function of those unable to sustain a walking 
speed >1.0 m·s−1 (>2.2 mph) (21).

Surrogate assessments of exercise capacity, such as 
sustained walking speed, offer insight to the physiological 
strain associated with a raised metabolic rate. Individuals 
tend to walk at a speed that minimizes their gross energy cost 
even though this requires greater aerobic effort in people 
with obesity (22). The aim of this study was to explore 

several factors that may contribute to functional capacity, as 
measured by a 6MWT, in individuals with severe obesity 
who were scheduled for nonbariatric surgery.

METHODS
This study was a prospective single-center cohort study in 
Wollongong Hospital, New South Wales, Australia, that was 
conducted from 2016 to 2018 to investigate the ability of the 
6MWT to predict postoperative disability in adult surgical 
patients with severe obesity. Ethical approval was granted by 
the local regulatory body (HE15/379), and the trial was reg-
istered with the Australian New Zealand Clinical Trial Reg-
istry (ACTRN 12615001264572). Wollongong Hospital is 
an outer metropolitan general tertiary hospital with 350 beds 
and 15 operating theaters and performs approximately 
13,000 operations per year of all types, excluding cardiotho-
racic and complex pediatric procedures.

The study protocol has been published elsewhere (19, 
20). In summary, preoperative measures were collected at 
the preoperative clinic and included height, body weight, 
waist and hip circumference, resting heart rate and blood 
pressure, spirometry, routine blood tests, N-terminal pro-B-
type natriuretic peptide (NT pro-BNP) levels, World Health 
Organization Disability Assessment Schedule 2.0 (WHO-
DAS) (23), surgical severity scoring using the Portsmouth 
Physiological and Operative Severity Score for the Enu-
meration of Morbidity and Mortality definitions (24), and a 
6MWT (25). The 6MWT was performed according to the 
American Thoracic Society guidelines in the preoperative 
clinic along an out and back 30 m course with markers every 
meter for guidance (25). Patients were instructed to com-
plete the 6 min of walking at the fastest pace they could 
sustain for that time. If required, they were permitted to 
momentarily rest. Within the first 3 min after ceasing to 
walk, the patient’s heart rate, blood pressure, and ratings of 
perceived exertion (scale of 1 to 10) and dyspnea (scale of  
1 to 5) were recorded. Intraoperative and anesthesia data 
were obtained from electronic records. Postoperative data 
included medical and surgical complications, a quality of 
recovery score (26) at days 3 and 30, and WHODAS scores 
at days 30 and 180.

The analysis in this current study focuses on the physi-
ological characteristics of these patients as they relate to 
associations with the 6MWT outcome. Variables explored 
include patient demographic characteristics, comorbidities, 
the quality of recovery and WHODAS scores, cardiorespira-
tory parameters such as heart rate, blood pressure, and lung 
function, blood test results, and details of the 6MWT itself, 
including the recovery period. A walking speed cutoff of  
0.9 m·s−1 was used to analyze and compare the physiology of 
patients performing the 6MWT, as this speed was previously 
identified in predicting recovery and disability after surgery 
in these patients. This walking speed was calculated as the 
mean sustained speed over the 6 min or, when a patient was 
unable to complete the assessment, the sustained speed 
according to the distance covered at the time point at which 
the patient stopped walking.

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-01 via free access



38	 J Clin Exerc Physiol, Vol. 13, No. 2, 2024	 www.acsm-cepa.org
O

ri
g

ina


l 
R

es
earc




h

Statistical analyses were conducted using the software 
program Statistix, version 10 (www.statistix.com; Tallahas-
see, Florida, USA). Continuous data were analyzed using 
unpaired t tests. A Kruskal-Wallis 1-way analysis of variance 
was performed when data were not normally distributed. 
Categorical data (such as the existence of comorbidities in 
the groups) were analyzed using the χ2 association test. The 
α level of significance was set at P < 0.05. Prism GraphPad 
(version 9) was used to log transform NT pro-BNP values 
due to non-normal distribution and then describe their rela-
tionships in terms of the relative frequency of BMI (<BMI 
50 or not), reported cardiovascular disease (or not), and 
walking speed (<0.9 m·s−1 or not; GraphPad Software, Bos-
ton, Massachusetts, USA).

RESULTS
The outcomes of predicting recovery and disability after 
surgery for these patients are published (19). Two hundred 
and ninety-three patients undertook the study. The median 
BMI was 41 kg·m−2, and the mean distance walked in the 
6MWT was 322 m (standard deviation [SD] 137 m).

Participant characteristics are reported in Table 1. Over-
all, 58% of the patients were female, with similar propor-
tions of females in both walking groups (slow walking, 62% 
females; fast walking, 57% female). The walking groups 
differed in several factors, including age and BMI, but not 
body mass. The slow group had a higher proportion of cases 
with a history of cardiovascular and renal disease. Several 
other variables, including the prevalence of heart failure, 
β-blocker use, stroke, and atrial fibrillation, were not differ-
ent between groups, with very small numbers present in 
both. Obstructive sleep apnea, the use of continuous positive 
airway pressure, and cigarette smoking were also not differ-
ent, with high numbers present in both groups.

Overall, numerous patients in this study cohort had a 
low 6MWT distance. Only 10% reached a distance that was 
within 10% of the distance predicted by their age, height, and 
weight (27). A 6MWD cutoff point of 308 m was the distance 
that best distinguished between groups regarding postopera-
tive recovery and function, which is equivalent to a walking 
speed of approximately 0.9 m·s−1. As such, the primary focus 
of the current study was to present a comparison of the physi-
ological characteristics of the patients when divided into 
these 2 walking groups, those who walked at <0.9 m·s−1 and 
those who walked at ≥0.9 m·s−1. One hundred and fifteen 
individuals walked at less than 0.9 m·s−1, and 178 walked at 
this speed or faster. Slower walkers reported a lower quality 
of recovery at postoperative day 30, with higher disability 
scores both preoperatively and postoperatively. The Ports-
mouth Physiological and Operative Severity Score for the 
Enumeration of Morbidity and Mortality scores were also 
significantly higher in the slower walkers (Table 2).

Patient lung function was reduced in the slower walking 
group. A restrictive pattern of lung disease, as demonstrated 
by reduced total lung volumes, forced vital capacity, and 
peak expiratory flow rate, were more common in the slower 
walking group. There was no clinically significant difference 

between groups in resting blood pressure and heart rate 
(Table 3).

Blood analysis confirmed some differences between the 
groups in measures of kidney function, hemoglobin, and NT 
pro-BNP levels (Table 4). Values of estimated glomerular 
filtration rate (eGFR) that were recorded as >90 mL·min−1· 
1.73 m−2 were assigned as 90 mL·min−1·1.73 m−2 for the pur-
poses of analysis. Therefore, the means in both groups are 
approximate and likely to be slightly lower than the values in 
real life, particularly in the fast walking group, which 

TABLE 1.  Participant characteristics and comorbidities for those 
with a mean walking speed of <0.9 m·s−1 (n = 115) and ≥0.9 m·s−1 
(n = 178).

Variable Walking 
Speed of 
<0.9 m·s−1 
(Males, 44; 

Females, 71)a

Walking 
Speed of 
≥0.9 m·s−1 
(Males, 79; 

Females, 99)a

P 
Valuea

Age (y) 65  
(63–67)

54  
(52–56)

<0.01

Weight (kg) 115  
(111–119)

116  
(114–119)

0.21

Height (m) 1.63 
(1.61–1.64)

1.68 
(1.67–1.69)

<0.01

Waist (cm) 130 
(128–132)

125 
(123–126)

<0.01

Hip (cm) 138 
(136–141)

133 
(132–135)

<0.01

Waist:hip 0.94 
(0.93–0.96)

0.94 
(0.93–0.96)

0.04

BMI 43.2 
(42.0–44.4)

41.1 
(40.5–41.8)

0.01

Comorbidities 
(number of 
patients)a

IHD 32 16 <0.01

AMI 18 4 <0.01

Normal ECG 86 151 0.01

COPD or 
asthma

33 40 0.23

Severe COPD 0 1 0.42

Known kidney 
disease

19 5 0.00

Known DM 45 44 <0.01

HT 81 76 <0.01

AMI = acute myocardial infarction; COPD = chronic obstructive 
pulmonary disease; DM = diabetes mellitus; ECG = 
electrocardiogram; HT = hypertension; IHD = ischemic heart 
disease
a Age and anthropometrics were analyzed using a Kruskal-Wallis 
1-way analysis of variance. Values are shown as mean (95% 
confidence interval). Comorbidities are expressed as absolute 
number of patients and were analyzed by χ2 analysis association 
test. Significance for both was set as P < 0.05.
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contained more patients with eGFR values in the normal 
range of >90 mL·min−1·1.73 m−2. The difference between 
groups was still highly significant, with no overlap in the 
95% confidence intervals.

NT pro-BNP was investigated in more depth. As the 
data were non-normally distributed, with a skew toward 
lower numbers plus high value outliers, the data were trans-
formed logarithmically to allow further analysis. Figure 1 
shows the relative frequency of log NT pro-BNP concentra-
tions for the categories of BMI greater than or less than  
50 kg·m−2, cardiovascular disease present or absent, and 
walking speed greater than or less than 0.9 m·s−1. Nonlinear 
analysis was applied with the null hypothesis being that one 
curve would fit all of the data. For all 3 analyses, the P value 
was <0.05, meaning that the null hypothesis could be 
rejected, and therefore two different curves best fit the data 
for each binary response. The slope for those with a lower 
BMI, no cardiovascular disease, and faster walking speed 
was steeper, meaning that the log NT pro-BNP concentration 
for those groups was lower overall.

The slow walking group covered significantly less dis-
tance in the allocated time (Table 5). Despite walking a 
shorter distance at a slower speed, objective measurements 
of cardiovascular function (recovery heart rate and blood 
pressure) were not clinically different in slower walkers, 
despite small changes in blood pressure that were statisti-
cally significant (Table 5). However, and most relevant to the 

primary interest of the study, slower walkers perceived their 
effort and degree of dyspnea to be significantly higher than 
faster walkers.

DISCUSSION
In surgical patients with severe obesity, those with a 6MWD 
of <308 m, equivalent to a walking speed of less than  
0.9 m·s−1, displayed several differences compared with 
patients who walked faster over the duration of 6 min. The 
slower walkers were older, with a larger waist circumfer-
ence and a statistically higher mean BMI. There was no 
difference between groups in absolute body weight. They 
were more comorbid, with higher rates of cardiovascular 
disease, kidney disease, diabetes, and restrictive spirometry. 
They had more severe disability both preoperatively and 
postoperatively and higher estimated rates of postoperative 
morbidity and mortality. After walking at a slower speed 
and therefore less distance on a 6MWT, they noted more 
fatigue and dyspnea than patients who walked farther and 
more quickly and demonstrated similar changes in cardiore-
spiratory parameters.

The 229 patients who were able to complete the full 
6MWT did so at a mean walking speed of 1.1 m·s−1. The 
predicted walking speed for this group was 1.5 m·s−1. The 
mean walking speed for those under 70 years of age was  
1.0 m·s−1, and the mean walking speed was 0.63 m·s−1 for 
those 70 years and older. One previous study found a 

TABLE 2.  Patient-centered measures for those with a mean 
walking speed of <0.9 m·s−1 (n = 109 to 115) and ≥0.9 m·s−1  
(n = 170 to 178).

Variable Walking 
Speed  

< 0.9 m·s−1a

Walking 
Speed  

≥ 0.9 m·s−1a

P Valuea

QOR_3 123 
(119–128)

126 
(123–129)

0.42

QOR_30 132 
(129–136)

139 
(137–141)

<0.01

WHODAS pre 29 (29–32) 13 (11–15) <0.01

WHODAS 30d 19 (16–22) 8 (6–9) <0.01

WHODAS 6m 13 (10–16) 4 (3–5) <0.01

PPOSS morb 24.7 
(21.3–28.1)

14.5 
(13.1–15.8)

<0.01

PPOSS mort 1.8 
(1.2–2.3)

0.7 
(0.6–0.8)

<0.01

QOR = quality of recovery score at postoperative days 3 and 30; 
POSS morb = Portsmouth Physiological and Operative Severity 
Score for the Enumeration of Morbidity and Mortality morbidity 
score; POSS mort = Portsmouth Physiological and Operative 
Severity Score for the Enumeration of Morbidity and Mortality 
mortality score; WHODAS = World Health Organization 
Disability Assessment Schedule scores preoperatively (pre) and at 
30 days (30d) and 6 months (6m) postoperatively
a Data were analyzed by Kruskal-Wallis 1-way analysis of 
variance and are shown as mean values (95% confidence interval). 
Significance was set at a P value of <0.05.

TABLE 3.  Seated resting blood pressure, heart rate, and arterial 
saturation (n = 137 to 156) and standing spirometry characteristics 
for those with a mean walking speed of <0.9 m·s−1 (n = 108 to 
115) and ≥0.9 m·s−1 (n = 166 to 178).

Variable Walking 
Speed  

< 0.9 m·s−1a

Walking 
Speed  

≥ 0.9 m·s−1a

P Valuea

Heart rate 
(b·min−1)

81  
(78–83)

80 
(78–82)

0.81

Systolic BP 
(mmHg)

143 
(140–146)

140 
(137–143)

0.19

Diastolic BP 
(mmHg)

81  
(78–83)

83  
(82–84)

0.11

Arterial O2 
saturation (%)

96.4 
(96.0–96.7)

96.8 
(96.6–97.0)

0.02

FVC (L) 2.61 
(2.45–2.77)

3.34 
(3.19–3.47)

<0.01

FEV1 (L) 2.05 
(1.91–2.18)

2.65 
(2.53–2.76)

<0.01

FEV1/FVC (%) 79 (77–81) 80 (78–81) 0.49

PEFR (L·s−1) 267 
(247–288)

343 
(324–361)

<0.01

BP = blood pressure; FEV1 = forced expiratory volume in 1 s; 
FVC = forced vital capacity; PEFR = peak expiratory flow rate
a Data were analyzed by Kruskal-Wallis 1-way analysis of 
variance and are shown as mean values (95% confidence interval). 
Significance was set at a P value of <0.05.
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preferred walking speed of around 1.4 m·s−1 in individuals 
both with and without obesity (7). Almost all patients in this 
study cohort therefore had a relatively slow walking speed, 
even those in the younger and the “faster” groups. They also 
displayed multiple markers of low fitness, including a low 
6MWT distance, low walking speed, high resting heart rate 
(28,29), high waist circumference (30), and low lung vol-
umes. Dividing the patients into slower or faster walkers 
appeared to differentiate between those with better or worse 

outcomes. This was independent of absolute weight, which 
was equivalent between the groups.

Very few individuals reach their cardiovascular limit 
when walking at usual speed for 6 min. They are more likely 
to do so if they have poor respiratory function or a degree of 
heart failure, as demonstrated by the slow walkers in this 
study who reached the same cardiorespiratory parameters as 
faster walkers despite less distance and with more fatigue 
and dyspnea. Both obesity and sex have been shown to affect 
the net metabolic rate of walking (7). Metabolic rates of 
subjects with obesity were 10% greater per kilogram than 
for normal-weight subjects, and metabolic rates for women 
were 10% greater than for men. Preferred walking speed was 
not different across groups (1.4 m·s−1) and was close to the 
speed that minimized gross energy cost per distance. Sex-
based differences were not explored in the current study.

TABLE 4.  Blood electrolyte, hemoglobin, white cell count, 
glucose, and N-terminal pro-B-type natriuretic peptide levels  
(n = 115 to 139) for those with a mean walking speed of <0.9 m·s−1  
(n = 91 to 111) and ≥0.9 m·s−1 (n = 156 to 176).

Variable Walking 
Speed  

< 0.9 m·s−1a

Walking 
Speed  

≥ 0.9 m·s−1a

P 
Valuea

Sodium 
(mmol·L−1)

141 
(141–142)

141 
(141–141)

0.87

Potassium 
(mmol·L−1)

4.6 
(4.5–4.7)

4.6 
(4.5–4.6)

0.33

Urea (mmol·L−1) 7.2 
(6.4–8.1)

5.6 
(5.3–6.0)

<0.01

Creatinine 
(mmol·L−1)

96.0 
(78.6–113.4)

77.4 
(73.1–81.7)

0.44

GFR (mL·min−1· 
1.73 m−2)

72.9 
(68.8–77.1)

82.0 
(80.0–84.2)

<0.001

Bicarbonate 
(mmol·L−1)

25.2 
(24.7–25.8)

24.7 
(24.3–25.0)

0.05

Hemoglobin 
(g·L−1)

135 
(132–138)

140 
(138–142)

<0.01

White cell count 
(×109/L)

8.3 
(7.8–8.8)

8.1 
(7.8–8.4)

0.47

Glucose 
(mmol·L−1)

8.0 
(6.0–9.9)

6.4 
(6.0–6.7)

0.03

NT pro-BNP 
(pmol·L−1)

50.3 
(24.0–76.7)

13.4 
(10.3–16.6)

<0.01

GFR = estimated glomerular filtration rate; NT pro-BNP = 
N-terminal pro B-type natriuretic peptide
a Data were analyzed by Kruskal-Wallis 1-way analysis of 
variance and are shown as mean values (95% confidence interval). 
Significance was set at a P value of <0.05.

FIGURE 1. Relative frequency of the log N-terminal pro-B-type natriuretic peptide (BNP) concentration for body mass index (BMI), 
cardiovascular disease (CVD), and walking speed (m·s−1).

TABLE 5.  Physiological and perceptual responses collected at the 
point of recovery to the 6-min walk test for those with a mean 
walking speed of <0.9 m·s−1 (n = 106 to 115) and ≥0.9 m·s−1  
(n = 165 to 178).

Variable Walking 
Speed  

< 0.9 m·s−1a

Walking 
Speed  

≥ 0.9 m·s−1a

P  
Valuea

Distance (m) 181 
(162–200)

413 
(405–421)

<0.01

Heart rate 
(b·min−1)

86  
(84–89)

87  
(84–89)

0.85

Systolic BP 
(mmHg)

146 
(143–150)

141 
(138–144)

0.02

Diastolic BP 
(mmHg)

81  
(78–83)

84  
(82–85)

0.01

Arterial O2 
saturation (%)

96.4 
(95.9–96.9)

96.7 
(96.3–97.1)

0.36

RPE 1.6 
(1.2–2.0)

1.1 
(0.9–1.3)

0.02

Dyspnea 1.9 
(1.6–2.3)

1.4 
(1.2–1.6)

0.01

BP = blood pressure; RPE = rating of perceived exertion
a Data were analyzed by Kruskal-Wallis 1-way analysis of 
variance and are shown as mean values (95% confidence interval). 
Significance was set at a P value of <0.05.
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Slower walkers demonstrated a higher prevalence of 
comorbidities. They had a higher recorded incidence of 
known cardiorespiratory, kidney, endocrine, and restrictive 
lung disease, which was confirmed by investigations such as 
spirometry, NT pro-BNP levels, random blood glucose lev-
els, and eGFR. This may be partially explained by their older 
age and its relationship with function, fitness, disease states, 
and obesity.

Obesity is known to affect respiratory function, includ-
ing higher respiratory rates, lower tidal volumes, reduced 
compliance, and the possibility of microatelectasis, leading 
to ventilation-perfusion mismatching (16). Distribution of 
fat mass, for example upper compared with lower body, may 
have a more important impact on these factors than BMI 
alone. Restrictive lung disease is noted to be a feature of 
obesity (16,31) and may be most relevant due to the increased 
inertial mass on the chest wall. Slower walkers had signifi-
cantly higher NT pro-BNP and lower hemoglobin concentra-
tions. Associations between cardiovascular disease and ane-
mia and walking speed occur in other populations (32–34). 
Both physiological and physical factors may influence the 
development and impact of comorbidities and exercise 
limitation.

More than half of the study patients had NT pro-BNP 
levels that were above the normal limit. Patients with car-
diovascular disease had higher mean levels than those 
without cardiovascular disease, confirming the validity of 
the measure in this population. Higher NT pro-BNP levels 
were also found in patients with very high BMIs and in 
slower walkers. NT pro-BNP concentrations are affected 
by several variables, including kidney function and 
weight, which may be relevant in this study cohort (35, 
36). The literature contains conflicting reports of the use-
fulness of NT pro-BNP in perioperative risk prediction, 
and there is no report of its use in the perioperative popu-
lation with severe obesity. The current findings support 
other literature suggesting that NT pro-BNP may represent 
a different underlying construct than that measured by 
other tools and that its addition may add value to com-
bined risk models (37).

Perception of effort is known to be a factor that both 
contributes to and limits aerobic performance (38). One 
study in athletes demonstrated that perception of effort, 
rather than muscle fatigue or muscle pain, was the main 
underlying reason for exercise limitation during high-
intensity aerobic exercise (39). This may be relevant to the 
study patients, as walking for 6 min may be perceived as 
intense sustained exercise for some. The relationship 
between assessment of functional capacity and perception of 
effort has not been previously explored in perioperative con-
texts. Using perceived effort as a measure of cardiorespira-
tory fitness may be of value.

Numerous large and well-designed longitudinal studies 
show that gait speed tends to decline with age and as a con-
sequence of chronic disease. Slow walking speed is a strong 
independent predictor of incident disability, healthcare utili-
zation, nursing home admission, and mortality. In a study in 

older community-dwelling males, a walking speed of  
0.82 m·s−1 was found to be the most predictive of mortality 
(1). The figure of 0.9 m·s−1 from this body of work is very 
close to this figure despite differences in the study popula-
tions. It appears to be a relevant cut point for surgical patients 
with obesity. Stanaway et al. found no mortality within the 
5-year study period for those who walked faster than  
1.36 m·s−1, which was attained by only 11 participants (4%) 
in the current study (1).

Most walking tests reported in the literature are per-
formed at usual walking speed over 6 meters. A more pro-
longed test, such as a 6MWT, is arguably better for assessing 
a sustained physiological response to exercise. It is also 
potentially more relevant to assessing or predicting the 
demands of the surgical stress response, which is a sustained 
level of physiological sympathetic nervous system activa-
tion that can last up to 72 h depending on the intensity of 
surgery (40). It is considered to represent moderate- to high-
intensity exercise and to correlate well with cardiorespira-
tory fitness as measured with cardiopulmonary exercise 
testing (41, 42).

A range of usual walking speeds has been published, 
albeit under a wide range of walking conditions. One tread-
mill study with increasing predetermined speeds found a 
preferred walking speed of roughly 1.4 m·s−1 in both normal 
weight and overweight men and women (7). An investiga-
tion of the 6MWT in patients with different body morphol-
ogy reported walking speeds of 2 m·s−1 in lean individuals, 
1.6 m·s−1 in obese individuals, and 1.5 m·s−1 in women with 
severe obesity (18).

Bohannon and Andrews published a meta-analysis of 
41 studies with a total of 23,111 apparently healthy adults 
walking at a normal pace over distances of 3 to 30 m on flat 
surfaces (43). In our study, patients had slower walking 
speeds than the reference data in all of these studies. For 
example, the average walking speed of our study patients 
aged 20 to 29 years was closest to that in the 60- to 79-year-
old reference groups for both men and women. The study 
sample, with an average age of 58 years, had an average 
walking speed of 0.9 m·s−1, which was slightly slower than 
the average walking speed in the reference healthy indi-
viduals who were aged over 80 years. It is possible that the 
much slower walking speeds in the study participants were 
due to the more sustained effort required to walk for a lon-
ger distance and duration. A longer walk test has different 
requirements regarding stamina, physiological mecha-
nisms, physical discomfort, and pacing and perceptual fac-
tors. The instructions for the 2 types of walking tests are 
also different. In the 6MWT, participants are instructed to 
walk as quickly as possible for them, whereas participants 
in shorter walking tests are usually asked to walk at their 
usual pace. It is difficult to assess any potential impact of 
different instructions, different test conditions, different 
study designs, and short compared with longer distances. 
This would form a good question for future investigations 
in this field.
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CONCLUSION
In conclusion, this cohort of surgical patients with severe 

obesity demonstrated walking speeds slower than those pre-
viously reported by others. Several factors were found to be 
associated with a slow walking speed on a 6MWT. These 

included age, waist circumference, comorbidities, and dis-
ability. Absolute body mass was not significantly associated 
with walking speed. Walking speed is a potentially useful 
tool to study preoperative fitness and postoperative outcomes 
in surgical patients with severe obesity.

REFERENCES
1.	 Stanaway FF, Gnjidic D, Blyth FM, Le Couteur DG, 

Naganathan V, Waite L, Seibel MJ, Handelsman DJ, Sambrook 
PN, Cumming RG. How fast does the Grim Reaper walk? 
Receiver operating characteristics curve analysis in healthy 
men aged 70 and over. BMJ. 2011;343:d7679.

2.	 Schrack JA, Simonsick EM, Ferrucci L. The energetic 
pathway to mobility loss: an emerging new framework for 
longitudinal studies on aging. J Am Geriatr Soc. 2010;58 
(Suppl 2):S329–36.

3.	 Sui X, LaMonte MJ, Laditka JN, Hardin JW, Chase N, Hooker 
SP, Blair SN. Cardiorespiratory fitness and adiposity as 
mortality predictors in older adults. JAMA. 2007;298(21): 
2507–16. 

4.	 Ross R, Blair SN, Arena R, Church TS, Despres J-P, Franklin 
BA, Haskell WL, Kaminsky LA, Levine BD, Lavie CJ, Myers 
J, Niebauer J, Sallis R, Sawade SS, Sui X, Wisloff U. 
Importance of assessing cardiorespiratory fitness in clinical 
practice: a case for fitness as a clinical vital sign: a scientific 
statement from the American Heart Association. Circulation. 
2016;134(24):e653–99. 

5.	 Kokkinos P, Sheriff H, Kheirbek R. Physical inactivity and 
mortality risk. Cardiology research and practice. Cardiol Res 
Pract. 2011;2011:924945.

6.	 Mandsager K, Harb S, Cremer P, Phelan D, Nissen SE, Jaber 
W. Association of cardiorespiratory fitness with long-term 
mortality among adults undergoing exercise treadmill testing. 
JAMA Netw Open. 2018;1(6):e183605. 

7.	 Browning RC, Baker EA, Herron JA, Kram R. Effects of 
obesity and sex on the energetic cost and preferred speed of 
walking. J App Physiol. 2006;100(2):390–8. 

8.	 Browning RC, Reynolds MM, Board WJ, Walters KA, Reiser 
RF. Obesity does not impair walking economy across a range 
of speeds and grades. J App Physiol. 2013;114(9):1125–31. 

9.	 Australia’s Health 2018. Overweight and obesity. Australian 
Institute of Health and Welfare, 2018. Accessed March 28, 
2019. https://www.aihw.gov.au/reports/australias-health/
australias-health-2018/contents/burden-of-disease-scenario-
modelling/overweight-obesity

10.	 Brolin RE. Bariatric surgery and long-term control of morbid 
obesity. JAMA. 2002;288(22):2793–6. 

11.	 Australian Bureau of Statistics 2018. National Health Survey: 
first results 2017-18. Accessed October 16, 2019. https://
www.abs.gov.au/ausstats/abs@.nsf/mf/4364.0.55.001

12.	 Freckelton LK, Smith NA, Westley Wise V, Lago L, Mullan J. 
Impact of body mass index on utilisation of selected hospital 
resources doe four common surgical procedures. ANZ J Surg. 
2019;89:842–7. 

13.	 Mullen JT, Moorman DW, Davenport DL. The obesity 
paradox: body mass index and outcomes in patients undergoing 
nonbariatric general surgery. Ann Surg. 2009;250(1):166–72. 

14.	 Tjeertes EK, Hoeks SE, Beks SB, Valentijn TM, Hoofwijk 
AG, Stolker RJ. Obesity—a risk factor for postoperative 
complications in general surgery? BMC Anesthesiol. 2015; 
15:112. 

15.	 Midgley AW, Earle K, McNaughton LR, Siegler JC, Clough P, 
Earle F. Exercise tolerance during VO2max testing is a 
multifactorial psychobiological phenomenon. Res Sports 
Med. 2017;25(4):480–94. 

16.	 Littleton SW. Impact of obesity on respiratory function. 
Respirology. 2012;17(1):43–9. 

17.	 Green S, O’Connor E, Kiely C, O’Shea D, Egaña M. Effect of 
obesity on oxygen uptake and cardiovascular dynamics during 
whole‐body and leg exercise in adult males and females. 
Physiol Rep. 2018;6(9):e13705. 

18.	 Hulens M, Vansant G, Claessens A, Lysens R, Muls E. 
Predictors of 6‐minute walk test results in lean, obese and 
morbidly obese women. Scand J Med Sci Sports. 2003;13(2): 
98–105. 

19.	 Smith NA, Batterham M, Shulman MA. Predicting recovery 
and disability after surgery in patients with severe obesity: the 
role of the six-minute walk test. Anaesth Intens Care. 
2022;50(3):159–68. 

20.	 Smith NA, Batterham M, Peoples GE, Shulman MA. The 
clinical, functional and disability characteristics of patients 
with severe obesity presenting for non-bariatric surgery. 
Anaesth Intensive Care 2019;47(6):522–31. doi:10.1177/031 
0057X19887976 

21.	 Middleton A, Fritz SL, Lusardi M. Walking speed: the 
functional vital sign. J Aging Phys Act. 2015;23(2):314–22. 

22.	 Browning RC, Kram R. Energetic cost and preferred speed of 
walking in obese vs. normal weight women. Obesity. 
2005;13(5):891–9. 

23.	 Üstün TB, Chatterji S, Kostanjsek N, Rehm J, Kennedy C, 
Epping-Jordan J, Saxena S, von Korff M, Pull C. Developing 
the World Health Organization Disability Assessment 
Schedule 2.0. Bull World Health Organ. 2010;88(11):815–23. 

24.	 Prytherch D, Whiteley MS, Higgins B, Weaver PC, Prout WG, 
Powell SJ. POSSUM and Portsmouth POSSUM for predicting 
mortality. Brit J Surg. 1998;85(9):1217–20. 

25.	 ATS Committee on Proficiency Standards for Clinical 
Pulmonary Function Laboratories. ATS statement: guidelines 
for the six-minute walk test. Am J Respir Crit Care Med. 
2002;166(1):111–7.

26.	 Myles PS, Hunt JO, Nightingale CE, Fletcher H, Beh T, Tanil 
D, Nagy A, Rubinstein A, Ponsford JL. Development and 
psychometric testing of a quality of recovery score after 
general anesthesia and surgery in adults. Anesth Analg. 1999; 
88(1):83–90. 

27.	 Capodaglio P, De Souza SA, Parisio C, Precilios H, Vismara 
L, Cimolin V, Brunani A. Reference values for the 6-min 
walking test in obese subjects. Disabil Rehabil. 2013; 
35(14):1199–203. 

28.	 Jensen MT, Suadicani P, Hein HO, Gyntelberg F. Elevated 
resting heart rate, physical fitness and all-cause mortality: a 
16-year follow-up in the Copenhagen Male Study. Heart. 
2013;99(12):882–7. 

29.	 Gonzales TI, Jeon JY, Lindsay T, Westgate K, Perez-Pozuelo 
I, Hollidge S, Wijndaele K, Rennie K, Forouhi N, Griffin S, 

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-01 via free access

https://www.aihw.gov.au/reports/australias-health/australias-health-2018/contents/burden-of-disease-scenario-modelling/overweight-obesity
https://www.aihw.gov.au/reports/australias-health/australias-health-2018/contents/burden-of-disease-scenario-modelling/overweight-obesity
https://www.aihw.gov.au/reports/australias-health/australias-health-2018/contents/burden-of-disease-scenario-modelling/overweight-obesity
https://www.abs.gov.au/ausstats/abs@.nsf/mf/4364.0.55.001
https://www.abs.gov.au/ausstats/abs@.nsf/mf/4364.0.55.001


Patients With Obesity and the 6-Min Walk Test
O

ri
g

ina


l R
esearc




h
43

Wareham N, Brage S. Resting heart rate as a biomarker for 
tracking change in cardiorespiratory fitness of UK adults: the 
Fenland Study. medRxiv. Preprint posted online July 2, 2020. 
https://dx.doi.org/10.1101/2020.07.01.20144154

30.	 Lean M, Han T, Seidell J. Impairment of health and quality of 
life in people with large waist circumference. Lancet. 
1998;351(9106):853–6. 

31.	 Saliman JA, Benditt JO, Flum DR, Oelschlager BK, Dellinger 
EP, Goss CH. Pulmonary function in the morbidly obese. Surg 
Obes Rel Dis. 2008;4(5):632–9. 

32.	 Bittner V, Weiner DH, Yusuf S, Rogers WJ, Mcintyre KM, 
Bangdiwala SI, Kronenberg MW, Kostis JB, Kohn RM, 
Guillotte M, Greenberg B, Woods PA, Bourassa MG. 
Prediction of mortality and morbidity with a 6-minute walk 
test in patients with left ventricular dysfunction. JAMA. 
1993;270(14):1702–7. 

33.	 de Arenaza DP, Pepper J, Lees B, Rubinstein F, Nugara F, 
Roughton M, Jasinski M, Bazzino O, Flather M. Preoperative 
6-minute walk test adds prognostic information to Euroscore 
in patients undergoing aortic valve replacement. Heart. 
2010;96(2):113–7. 

34.	 Hirani V, Naganathan V, Blyth F, Le Couteur DG, Seibel MJ, 
Waite LM, Handelsman DJ, Hsu B, Cumming RG. Low 
hemoglobin concentrations are associated with sarcopenia, 
physical performance, and disability in older Australian men 
in cross-sectional and longitudinal analysis: the Concord 
Health and Ageing in Men project. J Gerontol A Biol Sci Med 
Sci. 2016;71(12):1667–75. 

35.	 Potter JM, Simpson AJ, Kerrigan J, Southcott E, Salib MM, 
Koerbin G, Hickman PE. The relationship of plasma creatinine 
(as eGFR) and high-sensitivity cardiac troponin and 

NT-proBNP concentrations in a hospital and community 
outpatient population. Clin Biochem. 2017;50(15):813–5. 

36.	 Richards AM. N-Terminal B-type natriuretic peptide in heart 
failure. Heart Fail Clin. 2018;14(1):27–39. 

37.	 Wijeysundera DN, Pearse RM, Shulman MA, Abbott TE, 
Torres E, Ambosta A, Croal BL, Granton JT, Thorpe KE, 
Grocott MPW, Farrington C, Myles PS, Cuthbertson BH. 
Assessment of functional capacity before major non-cardiac 
surgery: an international, prospective cohort study. Lancet. 
2018;391(10140):2631–40. 

38.	 Pageaux B, Lepers R. Fatigue induced by physical and mental 
exertion increases perception of effort and impairs subsequent 
endurance performance. Front Physiol. 2016;7:587. 

39.	 Staiano W, Bosio A, de Morree HM, Rampinini E, Marcora S. 
The cardinal exercise stopper: muscle fatigue, muscle pain or 
perception of effort? Prog Brain Res. 2018;240:175–200. 

40.	 Desborough J. The stress response to trauma and surgery. Br J 
Anaesth. 2000;85(1):109–17. 

41.	 Sinclair RC, Batterham AM, Davies S, Cawthorn L, Danjoux 
GR. Validity of the 6 min walk test in prediction of the 
anaerobic threshold before major non-cardiac surgery. Br J 
Anaesth. 2012;108(1):30–5. 

42.	 Sperandio EF, Arantes RL, Matheus AC, Silva RP, Lauria VT, 
Romiti M, Gagliardi ART, Dourado VZ. Intensity and 
physiological responses to the 6-minute walk test in middle-
aged and older adults: a comparison with cardiopulmonary 
exercise testing. Braz J Med Biol Res. 2015;48(4):349–53. 

43.	 Bohannon RW, Williams Andrews A. Normal walking speed: 
a descriptive meta-analysis. Physiotherapy. 2011;97(3): 
182–9. 

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-01 via free access

https://dx.doi.org/10.1101/2020.07.01.20144154

