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Background: To establish determinants of maximum walking distance in the 6-minute walk

test of children and adolescents with sickle cell anemia, and to compare the performance

in this test with physical activity level between patients and healthy controls.

Methods:  A  cross-sectional study was performed in which the participants answered the

Physical Activity Questionnaire for Older Children and Adolescents, and completed the 6-

minute walk test.

Main results: Fifty-seven patients and 58 controls were studied. By univariate analysis of the

patients, age (p  < 0.0001) and indirect bilirubin (p = 0.008) were associated with maximum

walking distance in the 6-minute walk test.  In multivariate analysis, age was positively

associated (p < 0.0001; beta: 0.75), while body mass index was inversely associated with dis-

tance  walked (p  = 0.047; beta: −0.32). This yields the following equation: maximum distance

walked = 487.7 (age × 18.3) − (12 × body mass index) meters. Patients reported a  lower  phys-

ical  activity level however there was no significant difference in the distance walked in six

minutes between patients (500.6 ± 88.7 m) and controls (536.3 ± 94 m).

Conclusion: The determinants for the 6-minute walk test in children and adolescents with

sickle cell  anemia were age and body mass index. There was no significant difference in the

6-minute walk test but patients with sickle cell anemia had a lower physical activity level

compared to healthy controls.
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Introduction

Sickle cell anemia (SCA) is the most common monogenic

hereditary disease in Brazil. The main characteristic is  the

inheritance of the beta-globin gene S (gene �s), which is

responsible for a  mutant hemoglobin (Hb), Hb S. It is estimated

that 2–8% of the Brazilian population is heterozygous for Hb

S.1

Several clinical manifestations are commonly observed

in patients with SCA, such as  occlusive crisis, acute chest

syndrome, stroke, chronic hemolysis and chronic organ

dysfunction.2 These clinical manifestations also appear to be

associated with changes in physical capacity, higher basal

metabolic rate,3 lower levels of Hb, pulmonary and vascular

diseases, and myopathy.4

Different methods are available in  the clinical practice to

assess physical capacity, such as the six-minute walk test

(6MWT), whose main response variable is the maximum walk-

ing distance (6MWD), and cardiopulmonary stress test. The

6MWT  is a simple and inexpensive test that is widely used

in chronic diseases such as  chronic obstructive pulmonary

disease and heart failure.5

Recently, results of the 6MWT  in  the evaluation of patients

with SCA were published6,7 in an attempt to assess the

adequacy of the instrument in this study population. A  pre-

vious study showed that the determinants of the  6MWD

in SCA patients were low Hb level, low concentration of

fetal Hb and reduced deformability of red blood cells.8

However, there are no studies in the Brazilian population,

which, being multiracial, does not allow the direct extrapo-

lation of results obtained in more  genetically homogeneous

populations.9

In this sense, recurring complications and hospitalizations

appear to be associated with low physical activity levels (PAL)

in patients with SCA.3

The 6MWT  and specific questionnaires, with the main

advantages of safety and low cost,  are widely used to evalu-

ate the physical capacity and PAL.10–12 Assessment of the  PAL

in patients with SCA, whether by questionnaires or by direct

testing,13,14 shows a tendency of a sedentary lifestyle.15

The adapted Borg scale16 is intended to classify the sub-

jective and individual perception of effort in performing the

6MWT  in a scale from 0 to 10.  This may be analyzed in  associa-

tion with exercise-induced desaturation, that is, the reduction

in transcutaneous saturation oxygen by three or more  percent-

age points after testing compared to baseline, both measured

using a portable digital oximeter.17

The aim of this study was to establish the determinants of

the 6MWD  in  children and adolescents with SCA, as  well as

to compare PAL and performance in  the 6MWT between SCA

patients to healthy controls.

Methods

This is a cross-sectional study conducted in an Outpatients’

Clinic of a tertiary teaching hospital in northeastern Brazil.

This hospital is the regional referral center for the treatment

of patients with SCA.

The project was approved by the Ethics Committee

of the Universidade Federal de  Sergipe (UFS – protocol:

30661314.0.0000.5546). The legal guardians of both patients

and controls signed a written informed consent form.

Patient  group

Patients were enrolled from October 2014 to May 2015. Of the

patients with SCA (Hb SS) confirmed by Hb electrophoresis,

those who were from 6  to  18 years old, in steady-state, with

no blood transfusions in the  previous three months and with

no acute symptoms for at least one month prior to study entry

were considered eligible for this study. Results of molecular

tests and a  family study were not available. Patients with neu-

rological or orthopedic impairment were excluded.

Clinical  and  laboratory  data

Hematological data (Hb, hematocrit, the  red blood cell,

platelet, leukocyte and reticulocyte counts, indirect bilirubin,

mean corpuscular volume and lactate dehydrogenase), Hb

electrophoresis (fetal Hb and Hb S) and spirometry data were

obtained from an  electronic database created especially for

this research. All the exams were carried out within four weeks

before the test and under stable clinical conditions. All the

tests were performed at the central laboratory of the  hospital,

using standard techniques and equipment.

Current  medication  intake

All  patients were taking folic acid supplement (2 mg/day).

Those who were taking hydroxyurea received an initial dose

of 15 mg/kg/day and were receiving the standard dose of

20–35 mg/kg/day for at least 12 months.18

Data  collection

Data on variables considered potentially associated with the

6MWD  were collected. These included age, gender, hydrox-

yurea therapy, body mass index (BMI), resting heart rate, heart

rate at the end of the test, and transcutaneous oxygen satu-

ration at rest and at the end of testing. Furthermore, blood

tests were performed including Hb, hematocrit, red blood

cell, platelet, leukocyte, neutrophil and reticulocyte counts,

indirect bilirubin, mean corpuscular volume, lactate dehydro-

genase, and Hb fetal and Hb S concentrations. Moreover, the

scores obtained with the application of the Physical Activity

Questionnaire for Older Children and Adolescents (PAQ-C) and

the adapted Borg Scale16 were included as variables.

Physical  activity  questionnaire  for  older  children  and

adolescents

Immediately before the 6MWT, all the patients answered the

Brazilian version of the PAQ-C,10,19 composed of nine ques-

tions about sports, games  and other physical activities at

school and for recreation. This questionnaire aims to provide

a  complete picture of the type of activities that the participant

had been performing during the previous seven days. Each

question was scored on a scale of 1 to 5: very sedentary (1),
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sedentary (2), moderately active (3), active (4) or very active

(5). The sum of scores was calculated to determine the final

score.

The  6-minute  walk  test

The 6MWT  was performed according to  the standardization

proposed by the  American Thoracic Society.7,11 A single 6MWT

was  performed along a flat  and straight corridor of 30 m on a

hard surface. Standard verbal encouragement was used during

the test. Patients were instructed to stop when they felt tired.

At the end of testing, the maximum distance walked (6MWD)

was determined, and the perception of effort was recorded

according to the adapted Borg scale.

Control  group

The control group consisted of healthy children and ado-

lescents enrolled in a  local public school with similar

characteristics of the schools the cases usually attended.

Controls were matched with cases by age and gender. They

performed the 6MWT  and answered the  PAQ-C.

Data  analysis

Continuous quantitative variables are expressed as

means ± standard deviation and range, and categorical

variables are expressed as  percentages. Factors associated

with the 6MWD  were evaluated using the Pearson coeffi-

cient. Variables with p < 0.20 in the univariate analysis were

selected by a  backward stepwise model and included in the

multivariate analysis. An equation was established to  predict

the 6MWD  and its reliability was assessed using the Bland

and Altman plot20 in  a second independent group of six

patients (10% of the sample). The Kolmogorov–Smirnov test

was  used to verify how the data were distributed. The Pearson

correlation and independent t-test were used for parametric

data and Spearman correlation and Mann–Whitney test for

nonparametric data. The level of significance was  set for

p < 0.05. The Statistical Package for the Social Sciences (SPSS)

(Chicago, IL, USA) version 13.0 was used for analysis.

Results

Sixty-six patients in a  database of patients with SCA who reg-

ularly attended the clinic (n = 352 children and adolescents)

and were considered eligible were selected, but nine were later

excluded due to  orthopedic disabilities, neurological deficits or

because they refused to participate (Figure 1).

All 57 patients and 58 controls completed the 6MWT with-

out any complications. The clinical characteristics of both

groups (SCA patients and healthy controls) are shown in

Table 1. The groups were similar in respect to age and gender,

as well as for heart rate before and after the 6MWT.

There were statistically significant differences between

groups in relation to BMI, peripheral oxygen saturation at rest

and at the end of the  6MWT  and the score obtained using the

Borg scale.

352 patients enrolled and regularly

attending the service

66 patients

Exclusions (9 patients)

-Orthopedic disabilities (N = 4)

-Neurological deficits (N = 1)

-Refusal to participate (N = 4)

Study sample = 57 patients

Do not meet the inclusion criteria (n = 286)

Figure 1 – Patients included in the study.

The following variables with p < 0.20 were selected to iden-

tify which were independently associated with the 6MWD

in the patients group: age (p < 0.0001), BMI  (p = 0.118), heart

rate after the test (p = 0.069), peripheral oxygen saturation

at the end of the test (p = 0.125), hematocrit (p = 0.188), red

blood cell count (p = 0.056) and indirect bilirubin (p = 0.008). By

multivariate analysis, age  was found to be positively associ-

ated (p  < 0.0001; beta: 0.75) and BMI was  inversely associated

(p = 0.047; beta −0.32) with the 6MWD.

The following equation was derived from the mul-

tivariate analysis, and aims to  estimate the likely

6MWD from the variables age and BMI: estimated

6MWD = 487.7 + (age × 18.3) −  (BMI × 12) with 6MWD being

expressed in meters, age in years and BMI in kg/m2.  A  second

and independent group of six  patients (10% of the sample)

was analyzed to assess the reliability of this equation. The

real 6MWD was 480.5 ±  63.1 m which represented 99% ±  2%

of the estimated 6MWD. The correlation between the real

6MWD and estimated 6MWD  was strong according to the

Spearman coefficient (r = 0.98).

All participants completed the PAQ-C. The average score

obtained by patients was 1.6 ±  0.39 with 63.1% of patients

with SCA categorized as  very sedentary and the  remaining

36.9% as sedentary (Table 1). There was no significant differ-

ence between the sedentary and very sedentary individuals in

respect to the 6MWD (530 ± 84  versus 497 ± 87  m, respectively;

p = 0.16; 95% confidence interval: −14.19 to 80.75). The score of

the controls was 3.2 ± 0.38, with 17.2% being sedentary, 75%

being moderately active and 6.8% being active.

Table 2 shows the comparison of the PAL between the

different categories of activity identified by the PAQ-C and

shows that patients with SCA reported a  lower PAL in

all categories compared to  the healthy controls. However,

the mean 6MWD was not significantly different between

patients (500.6 ± 88.7 m)  and controls (536.3 ± 94 m) as shown

in Figure 2.

Spirometry was performed to evaluate pulmonary func-

tion in 23 of the 57 patients (40.3%). Of these, a  restrictive

pattern was observed in  13  patients (56.5%) and the  results

were normal in 10 patients (43.4%). No significant difference

was found in respect to the 6MWD on comparing restrictive

and normal results of the spirometry test. Except for the  neu-

trophil count, no other significant difference was observed



136  rev bras hematol hemoter. 2 0  1 7;3 9(2):133–139

Table 1 – Characteristics of patients and controls in the 6-minute walk test and patients’ laboratory results.

Variable Patients (n = 57) Range Controls (n = 58) Range p

Age – years 11.9 ± 3.5  6–18 11 ±  3.1  6–18 0.20

Gender male – % 57.9 – 58 –  0.91

BMI – kg/m2 16.3 ± 2.3  13.01–23.48 18.1 ±  3.7 12.37–29.1 0.01

Resting heart rate –  bpm 91.9 ± 13.3 67–122 90.6 ±  15.6 60–130 0.63

End of test heart  rate –  bpm 124.8 ± 31.3 73–227 117.5 ± 32.2 66–207 0.22

Resting peripheral oxygen saturation –  % 93.2 ± 5.6  65–99 98.1 ±  0.9 95–99 <0.001

Peripheral oxygen saturation at 6th minute –  % 89.1 ± 8.4  54–99 97.6 ±  1.6 93–99 <0.001

Borg scale at 6 minutes 4.1 ±  1.4 2–7  1.17 ±  1.1 0–4  <0.001

Hb – g/dL 8.3 ±  1.2 5.8–10.9 –

Hematocrit –  % 24.1 ± 4.3 14.2–38.1 –

RBC count –  1012/L 2.7 ±  0.6 1.6–5.18 –

Platelet count –  109/L  429.4 ± 139.7  109–878 –

Leukocyte count – 109/L 12.4 ± 3.6  4.1–20.7 –

Neutrophil count –  % 48.1 ± 9.6  30–78 –

Reticulocyte count – % 9.2 ±  4.3 07–19.2 –

Indirect bilirubin – mg/dL 3.1 ±  3 03–17.09 –

MCV – fL 92.2 ± 12.7 64–125 –

LDH – U/L 961.9 ± 475  100–2127 –

Hydroxyurea therapy –  n  (%)  26 (45.6) – –

Hb F – % 11.3 ± 7.6  0.9–31.7 –

Hb A1 – % 3.9 ±  5.4 0–18.7 –

PAQ-C score 1.6 ±  0.39 0.8–2.4 3.2 ± 0.38 2.4–4.1 <0.001

EIHOD –  n (%) 29 (50.8) – –

Distance walked in 6-minute-walk test  (m) 500.6 ± 88.7 360–746 536.3 ± 94 247.3–787.4  0.09

Results are expressed as  mean, standard deviation and range unless otherwise indicated.

BMI: body mass index; Hb:  hemoglobin; RBC: red  blood cell; MCV: mean corpuscular volume; LDH:  lactate dehydrogenase; Hb F: fetal hemoglobin;

Hb A1: hemoglobin A1;  PAQ-C: Physical Activity Questionnaire for  older children and adolescents; EIHOD: exercise-induced hemoglobin oxygen

desaturation.

between the variables associated with the profile and the

spirometry results (Table 3).

Twenty-six patients (45.6%) were taking hydroxyurea.

There was  no significant difference in the 6MWD  when the

groups were  compared according to the  use of the medication.

Only the mean corpuscular volume presented a  significant

difference (Table 3).

Discussion

This study identified that the variables independently associ-

ated with the 6MWD  in  the 6MWT  of children and adolescents

with  SCA were age (positively) and BMI (inversely). Other

factors had been previously associated with 6MWD:  low Hb

level,21 increased hemolysis and low oxygen saturation at the

beginning and after the exercise,17 and low levels of fetal Hb

and reduced deformability of red blood cells.8 However, these

associations were not found in this study. In addition, an  equa-

tion to estimate the 6MWD of children and adolescents was

established and tested.

As expected, there was a significant difference in the

means of the BMIs between patients and controls.22 In

addition, the  average 6MWD  in the group with SCA was

numerically lower than the control group, albeit without

Table 2 – Physical activity levels assessed by the Physical Activity Questionnaire for Older Children and Adolescents
(PAQ-C) of patients and controls.

Patients Controls p

Mean ± SD  Median Min–Max Mean ± SD Median Min–Max

Spare-time activity 0.77 ± 0.37 0.8 0–1.6 2.37 ±  0.55 2.3 1.4–3.7 <0.001

Activity during PEC  1.77 ± 0.68 2 1–3 3.2 ±  0.55 3.2 2–5  <0.001

Lunch-time activity 1.4  ± 0.53 1 1–3 3.1 ±  0.72 3 2–5  <0.001

After school activity 1.77 ± 0.92 1 1–4 3  ±  0.61 3 2–4  <0.001

Evening activity 1.63 ± 0.77 1 1–4 3.22 ±  0.77 3 2–5  <0.001

Weekend activity 2 ± 0.75 2 1–3 3.44 ±  0.77 4 2–5  <0.001

AF during the last 7  days  2.26 ± 0.76 2 1–4 3.43 ±  0.62 3 2–5  <0.001

AF during each day last week 1.63 ± 0.53 1.7 0.1–3 3.21 ±  0.50 3.1 2.3–4.3 <0.001

Score 1.64 ± 0.39 1.7 0.8–2.4 3.2 ±  0.38 3.1 2.4–4.1 <0.001

PEC: Physical education classes; AF:  Activity frequency; Data  expressed as  mean ± standard deviation, median and range (minimum and max-

imum). Independent t-test and Mann–Whitney U test were used to compare the two groups when the variables presented parametric and

non-parametric distribution, respectively.
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Table 3 – Comparison of laboratory and 6-minute walk test results with the results of spirometry and the use of
hydroxyurea.

Variable Pattern of spirometry (n = 23) p Hydroxyurea (n = 57) p

Restrictive (n  = 13)  Normal (n  = 10) Yes (n = 26) No (n  = 31)

Age (years) 14.3 ± 1.9 13.6 ±  3.1 0.51 12.9 ±  2.8 11.6 ±  4.1 0.21

Gender male (%)  53 40 0.68 65.3 51.5 0.26

BMI (kg/m2) 16.8 ± 2.5  16.9 ±  2.6 0.96 16.7 ±  2.2 16.1 ±  2.4 0.40

Resting heart  rate (bpm) 92.7 ± 14.6 92.1 ±  13.2 0.91 91.9 ±  13.2 92.2 ±  13.9 0.94

End of test heart rate (bpm) 131.9 ± 34.7 129.8 ± 38.1 0.89 125.6 ± 27.1 124.5 ± 35.4 0.89

Resting peripheral oxygen saturation (%) 92.4 ± 4.3  95.4 ±  3.6 0.10 92.9 ±  6.9 93.5 ±  4.4 0.72

Peripheral oxygen saturation at  6 min (%) 90.3 ± 5.2  91.6 ±  4.3 0.53 89.3 ±  7.4 88.1 ±  9.2 0.60

Borg scale at 6 min 4.3 ±  1.6 4.3 ±  1.4 0.99 4.1  ± 1.4 4 ± 1.4 0.74

Hb (g/dL) 8.4 ±  1.1 7.9 ±  0.8 0.24 8.2  ± 1.3 8.3  ± 1.1 0.94

Hematocrit (%)  24.6 ± 3.1  23.8 ±  2.7 0.54 24.2 ±  4.1 24.2 ±  3.4 0.98

RBC (1012/L) 2.7 ±  0.5 2.5 ±  0.6 0.37 2.6  ± 0.5 2.7  ± 0.6 0.55

Platelet count (109/L) 459.1 ± 161.6 468.7 ± 151.1 0.88 480.1 ± 260 434.68  ± 147.7 0.62

Leukocyte count (109/L) 11.7 ± 3.3  13.1 ±  4.4 0.38 11.9 ±  4.3 12.6 ±  3.1 0.38

Neutrophil count (%) 41.7 ± 7.6  50.6 ±  7.1 0.02 44.1 ±  9.1 48.9 ±  9.7 0.19

Reticulocyte count (%)  156.5 ± 98.8 110.8 ± 171.6 0.67 149.7 ± 146.6 119.6 ± 156.7 0.68

Indirect bilirubin (mg/dL) 4.9 ±  2.1 2.7 ±  0.9 0.08 4.4  ± 4.8 2.8  ± 2.2 0.50

MCV (fL) 91.3  ± 13.6 98.3 ±  12.4 0.25 97.2 ±  11.5 87.8 ±  12.2 0.04

LDH (U/L) 1098.7  ±  411.2 1235 ±  233 0.62 863.9 ± 581.2 968.4 ± 368.3 0.26

Hb F (%) 7.3 ±  3.3 10.8 ±  9.7 0.43 11.9 ±  6.8 10.7 ±  8.3 0.81

Hb A1 (%) 6.3 ±  4.5 3.3 ±  7.3 0.38 6  ± 7.4 2.4  ± 2.8 0.10

PAQ-C score 1.7 ±  0.4 1.5 ±  0.5 0.32 1.6  ± 0.4 1.7  ± 0.3 0.54

EIHOD (number, %)  7, 53.8 6, 60  0.40 12,  46.1 17,  54.8 0.41

Distance walked in 6-minute walk test (m) 527.2 ± 93.2 521.9 ± 106.7 0.90 522.7 ± 82.3 500.9 ± 90.6 0.35

Results are expressed as mean, standard deviation and range unless otherwise indicated.

BMI: Body mass index; Hb:  hemoglobin; RBC: red  blood cells; MCV: mean corpuscular volume; LDH: lactate dehydrogenase; Hb F: fetal hemoglobin;

HbA1: hemoglobin A1;  PAQ-C: Physical Activity Questionnaire for older  children and adolescents; EIHOD: exercise-induced hemoglobin oxygen

desaturation.
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Figure 2 – Maximum distances in the 6-minute walk test of

patients and controls (Mann–Whitney test).

statistical significance. In a  recent study, adults with SCA had

6MWD  below the  value expected for the 6MWT.23 Although

there was no statistically significant difference in the means

of 6MWD  between the patients and controls in  this study,

it was observed that the  perceived effort measured by the

Borg scale was  higher in patients with SCA. A  previous

study showed that the 6MWD  was  positively associated with

maximal oxygen consumption and negatively to the degree of

hypertension.24

This study demonstrated that children and adolescents

with SCA had lower PAL than healthy individuals, thus corrob-

orating a previous study, which found that SCA patients had

physical capacity below that expected for their age.13 Another

study showed that children with SCA had lower energy expen-

diture with physical activity than healthy children, which,

in combination with growth impairment, indicates a chronic

energy deficiency.25

Recurrent painful crises may  have contributed to the

impairment of physical capacity.26 Pain interferes in  the func-

tional status27 and predisposes affected individuals to a more

sedentary lifestyle, less muscular work, which may  lead to

peripheral muscle weakness and to  reduced functional capac-

ity, as was observed in this study, even though the test was

accomplished in  patients without painful crises for at least

one month. In a previous study, the authors evaluated 30  chil-

dren and adolescents with SCA by exercise testing with the

results showing moderate to severe impairment of PAL corre-

lated to the baseline Hb level.6

There is  compelling evidence that hydroxyurea can reduce

complications and hospitalizations in children with SCA at

all ages.18 Nevertheless, there was  no significant difference in

the 6MWD  or PAL correlated with the use of this medication.

This finding may  be justified by the fact that the indication of

hydroxyurea is restricted to patients with more  acute com-

plications, which, in the long term, result in chronic organ

and system involvement, with possible repercussions on the

6MWT.

Although patients with SCA eventually present lung func-

tion impairment, in this study there was no significant

difference in  the 6MWD between the groups with restrictive
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and normal patterns by spirometry, thus corroborating previ-

ous results.8,23

SCA patients in  general adapt to chronic anemia and the

consequent lower tissue oxygenation. Thus, compensatory

mechanisms, such as increased heart rate and decreased

peripheral vascular resistance that increases the supply of

oxygen to tissues, result in transcutaneous oxygen satura-

tion near to normal.17 However, this partial adaptation may

be insufficient, especially during exercise, when the need for

higher oxygen saturation increases the demand for energy.

Physical exercise induces notable metabolic changes, such

as lactate production by the active muscles. Thus, reduced

physical capacity can be explained by the  presence of ane-

mia, because levels of Hb below normal values induce rapid

transition from aerobic to anaerobic respiration during exer-

cise, which can trigger the polymerization of Hb S and

promote microvascular occlusions. Furthermore, although

habitual moderate exercise can improve immune function,

intense exercise can cause temporary dysfunction with tran-

sient increases in  circulating cytokines,28 reducing blood flow

in the microcirculation and causing veno-occlusive crises.29

A limitation of this study was using clinical and labora-

tory data from medical records and not those evaluated on

the same day of the test. However, the tests were carried out in

steady-stable and the  6MWT  was performed under the same

conditions. Moreover, PAL was  based on self-reported data

and thus might be biased by socially desirable responses. A

study of patients with fibromyalgia30 showed that the reported

information can overstate the  PAL when confronted with

data acquired using accelerometers, indicating no associa-

tion between direct and indirect measures in  the  evaluation of

the PAL. However, although it is  not the only available option,

self-reporting is a  practical and cheap manner to  acquire this

information. Furthermore, by using the same strategy in both

the study and control groups, the potential bias is equally dis-

tributed in both groups.

Conclusion

This study found that the determinants of the 6MWD in

children and adolescents with SCA were age (positive rela-

tionship) and BMI  (inverse relationship). Furthermore, it was

observed that the evaluated patients have lower PAL compared

to healthy individuals.

There was  no statistically significant difference in the

6MWD  between study and control groups. None of the

hematologic parameters was  associated with the 6MWT per-

formance. It  is possible that aspects related to  complications of

SCA may be related to the low PAL values and physical capacity

in this study; this association should be  studied in  the future.
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