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This study was carried out to evaluate sensitivity, specificity, and test
cutoff score to predict cardiorespiratory fitness by using the 2-min step
test (2MST) in patients with type 2 diabetes mellites (DM). The associa-
tion of the 2MST and physical fitness tests including a 6-min walk test
(6MWT), a 5 time sit-to-stand test (FTSST), and leg strength in the form
of a leg performance test were also investigated. This study was
cross-sectional and conducted in 100 type 2 DM patients. Patients were
screened through health questionnaires, medical illness, general char-
acteristics, and physical fitness tests; 2MST, 6MWT, FTSST, and leg
strength. Blood was collected for assessment of fasting blood sugar
and lipid profiles. The number of steps in the 2MST was positively cor-
related with the distance of the 6MWT (r=0.6995, P<0.0001) and leg
strength (r=0.4292, P<0.0001). 2MST was negatively correlated with

INTRODUCTION

Diabetes mellitus (DM) is a chronic disease which is an import-
ant cause of neuropathy, retinopathy, nephropathy, diabetic foot
ulcers, hypertension, coronary arterial disease, and stroke (Hou et
al., 2020). The quality of life of patients with DM deteriorates
when commodities coexist or complications start to develop (Trik-
kalinou et al., 2017). Physical activity is one of the key compo-
nents concerning quality of life. It is clear that physical activity
plays an important role in improving quality of life and maintain-
ing cardiorespiratory health and reducing cardiovascular mortality

time to perform the FTSST (r=-0.405, P<0.0001). Moreover, this study
established the optimal cutoff score of the 2MST at <61 steps with
92.24% sensitivity, and 81.36% specificity to predict cardiorespiratory
fitness in type 2 DM patients. Our findings indicate that the 2MST may
be used as a predictor for walking capacity, leg strength, and ability to
change position from sitting to standing in type 2 DM. In addition, this
result may imply that patients with type 2 DM performing the 2MST at
less than 61 steps was significantly associated with decreased cardio-
respiratory fitness.

Keywords: 2-Minute step test, Optimal cutoff score, Physical fitness
test, Cardiorespiratory fitness, Type 2 diabetes mellitus

among all ages (Jakovljevic, 2018; Koo et al., 2016). The previous
cohort of patients with type 2 DM who reported being inactive
reported cardiorespiratory fitness decline (Palakodeti et al., 2015).

A physical fitness test is a test designed to evaluate physical
performance such as, agility, flexibility, strength, and endurance.
A field test is used to measure cardiopulmonary, musculoskeletal
petformance, balance, and coordination in clinical practice. It is
commonly applied to design rehabilitation protocols in varying
pathological conditions. The 2-min step test (2MST) is a screen-
ing implement to assess cardiorespiratory fitness or aerobic capacity
(Rikli and Jones, 1999b). It has been widely used in older adults
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with or without pathologies (Bohannon and Crouch, 2019). Cur-
rently, there are many reasons supporting the performing of the
2MST, such as there is no expensive equipment, the test only takes
a few minutes, it is tolerable for patients, and it can be utilized as
an alternative measuring test in conditions with limited space to
perform the 6-min walk test (6GMWT). This is especially appro-
priate in a community or in eldetly persons living at an old peo-
ple’s home (Chaturvedhi, 2021; Haas et al., 2017). Consequently,
the 2MST may be an alternative to a field test for measurement of
aerobic performance, planning of exercise prescription, and deter-
mining the category of normal and poor cardiorespiratory fitness
in type 2 DM. Although maximal oxygen consumption is com-
monly applied as a key point of reference of cardiorespiratory en-
durance capacity measurement, the participant requires strong
motivation to reach the exhaustion state under a high intensity
load. Accordingly, it is inappropriate for individuals with medical
conditions as well as elderly individuals not in the habit of exercise.

Cardiorespiratory endurance capacity and muscle strength are a
fundamental component of physical fitness and functional activi-
ties. Numerous research articles have reported that physical fitness
worsens in DM patients, for instance, a decline in muscular strength
and endurance (Gordon et al., 2009; Lee et al., 2018; Palakodeti
et al., 2015). Interestingly, the distance of the 6GMW'T which is an
indirect method as a necessary estimation of oxygen consumption,
showed a moderate association with maximal oxygen uptake in
type 2 DM (Lee, 2018). In addition, the distance of the 6MW'T
was positively correlated with the number of steps performed during
the 2MST, quadriceps strength, and peak oxygen consumption in
patients with heart failure (Wegrzynowska-Teodorczyk et al., 2016).
Moreover, during the last 5 years the researcher reported that the
2MST was valid, reproducible, and a sufficiently sensitive test to
predict cardiorespiratory endurance capacity in healthy, active, sed-
entary, chronic obstructive pulmonary disease patients, and type
2 DM participants (Haas et al., 2017; Lee, 2018; Nogueira et al.,
2021). Thus, the 2MST may be considered as an alternative to the
6MWT to evaluate cardiorespiratory endurance in participants
with a limited capacity to perform the 6GMWT.

The GMWT test cutoff point was identified to differentiate be-
tween normal and low cardiorespiratory fitness patients (Chetta et
al., 2006; Jones and Rikli, 2002; Lord and Menz, 2002; Pires et
al., 2022; Wetzel et al., 2011) in addition to the 2MST test cutoff
point which was identified to differentiate between active and
sedentary individuals (Nogueira et al., 2021). However, cardiore-
spiratory endurance fitness cutoff score of the 2MST in patients
with type 2 DM was not reported. Therefore, the purpose of this
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study was to evaluate sensitivity, specificity, and test cutoff score
to predict cardiorespiratory endurance fitness levels in patients
with type 2 DM. The association of 2MST and physical fitness
tests includes the GMWT, leg strength, and the 5 time sit-to-
stand test (FT'SST) which is a leg performance test.

MATERIALS AND METHODS

Study designs and participants

This cross-sectional study was conducted in 100 patients with
type 2 DM, living in six rural communities, Phayao province,
Thailand. Placards containing the study details were posted through
staffs at the primary health care centers. Patients who had attend-
ed the primary health care services and interested in participating
in the study contacted a staff or a research assistant by phone and
Line application. The eligibility criteria included the following:
patient was diagnosed with type 2 DM by a physician at least one
year prior, and a body mass index (BMI) <30 kg/m”. Patients who
had a history of orthopedic or surgical disease intetfering with
walking, a recent infection, unstable angina, a myocardial infarc-
tion during the month prior, resting heart rate (HR) > 120 bpm,
resting systolic blood pressure (SBP) > 180 mmHg or diastolic
blood pressure (DBP) > 100 mmHg, were excluded. This research
was performed following the Declaration of Helsinki principles.
The Human Research Ethics Committee of the University of Pha-
yao (N0.2/165/2017) approved the study. Informed consent was
obtained from all participants prior to participation. The mini-
mum sample size (80 participants) was calculated for a diagnostic
study with variables set as a power of test at 90%, a P-value at
0.03, and sensitivity from a pilot study (n=40) at 71%.

Study protocols

The experimental protocols were divided into two visits. On
the first visit, participants were determined using health ques-
tionnaires consisting of the following items: general information,
medical illness, history of exercise participation and supplementa-
tion intake, and mental health, in addition to a physical examina-
tion, which measured body mass, height, BMI, blood pressure (BP),
and HR. Blood was also collected to assess fasting blood sugar
(FBS), and hemoglobin Alc (HbAlc). Subsequently, a physical
fitness test, a FTSST, and a 2MST were measured in each partici-
pant with a 30-min rest between tests. Later the following week,
participants were evaluated leg strength and performed a 6GMW'T.
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5 Time sit-to-stand test

The FTSST was commonly employed to evaluate functional
lower extremity strength, transitional movements, balance, and
fall-risk in the elderly (Schaubert and Bohannon, 2005). Briefly,
the researcher first demonstrated the correct maneuver, then the
participant was asked to rise from a chair 5 times as quickly as
possible with their arms folded across their chest. The chair was of
a standard height (0.43 m) without armrests. Two trials were per-
formed with approximately a 1-min rest between each trial. The
values of time in the two maneuvers were averaged and recorded.
Test-retest reliability was determined from a subset of 30 subjects
who took part in the trial.

2-Min step test

The 2MST is a cardiopulmonary endurance test commonly used
in older adults. The maximum number of steps in 2 min is obtained
to determine endurance capacity. Briefly, prior to beginning the
test, the researcher first demonstrated the correct maneuver. Then,
vital signs, leg fatigue, and dyspnea score were recorded in the sit-
ting position for each participant. Besides that, the height of the
iliac crest and patella were measured and marked on a wall. Then,
a piece of tape was stuck on the wall at half the distance between
the two. Each participant was instructed to step up and down and
raise each knee to the mark on the wall as many times as possible
during the 2-min period. The researcher counts only the steps of
the right knee which reach the minimum marker (Rikli and Jones,
1999b), while assisting in case of a loss of balance. At the end of
the test, vital signs, leg fatigue, and dyspnea score were immedi-
ately recorded.

Leg strength test

Maximal isometric output of lower limb muscle strength was
measured by a strength dynamometer according to a standard as-
sessment protocol (Bandinelli et al., 1999). In brief, the partici-
pant was asked to stand on the base of the dynamometer with feet
shoulder width apart. Participants were required to keep their
arms hanging straight down in order to hold the center of the bar
with both hands - with the palms facing toward the body. The re-
searcher adjusted the chain so that the knees were bent at approxi-
mately 110 degrees. Then, the participant pulled as hard as possi-
ble on the chain while attempting to straighten their legs and keep-
ing the arms straight without bending the back. The test was per-
formed twice with the maximum performance recorded.
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6-Min walk test

The 6MWT is widely applied for assessing functional capacity
(Crapo et al., 2002; Du et al., 2017). In brief, the participant was
required to rest in the sitting position for 5 min with vital signs,
leg fatigue, and dyspnea score subsequently recorded. Participants
were instructed to walk along a flat corridor marked with a 30-m
track pathway as fast as possible, without running, for 6 min. The
same variables were assessed again immediately following test ter-

mination.

Statistical analysis

Data were expressed as mean +standard deviation. Statistical
analysis was performed using the Stata 11.5.1 (StataCorp LLC,
College Station, TX, USA). Descriptive statistics including means,
standard deviations, and percentages were computed for partici-
pant characteristics. Physiological response (BP, HR, and oxygen
saturation) differences between male and female were measured
using Student #-test, and the differences between the 2MST and
6MWT were evaluated using paired s-test. Leg fatigue and dys-
pnea score were measured using the signed-rank test. Moreover,
the Pearson correlation coefficient was employed to investigate
the correlation between the number of steps from the 2MST, dis-
tance of the 6GMWT, and time from the FTSST. The correlation
was considered as weak if » was <0.50, moderate if » was 0.50—
0.70, and good if » was >0.70. Finally, the receiver operating
curve (ROC) was utilized to record cutoff score, sensitivity, speci-
ficity, and area under the curve (AUC) of the 2 MST. The level of
statistical significance was set at P <0.05.

RESULTS

General characters of all participants

All participants in this study presented type 2 DM. General
characteristics including age, gender, body weight, height, BMI,
HR, SBP, and DBP are presented in Table 1. The period of diag-
nosis with type 2 DM averaged at roughly 8.40+7.93 years, and
FBS were 128.45+37.58 mg/dL, and HbAlc 6.12% +1.22%,
respectively. Most participants were diagnosed with other medical
conditions, i.e., hypertension (75%), dyslipidemia (43%), ortho-
pedic problems (rheumatoid disease) (11%), and cardiovascular
disease (12%). Individuals exhibiting no comorbidities made up
only 7% of all participants. The physical activity level was deter-
mined by using the Physical Activity Questionnaire for Elderly
Japanese (PAQ-E]), which is a self-administered physical activity
questionnaire of older adults (Yasunaga et al., 2007). The PAQ-E]J
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Table 1. General characteristics of all participants

Variable All participants Female Male
Age (yr) 68.98+6.23 69.41+6.46 68.31+5.87
No. of participants 100 61(63.93) 39(36.07)
Body weight (kg) 55.12+7.78 52.78+6.93 58.78+7.70
Height (cm) 156.29+6.62  15323+575  161.08+4.83
BMI (kg/m?) 2255+2.83 2248+282  2266+2.87
FBS (mg/dL) 12845+3758 124.85+3594 134.08+39.82
HbA1c (%) 6.12+1.22 6.08+1.35 6.19+0.97
Duration of DM (yr) 8.40+7.93 10.15+8.61 567+5.85
Medical conditions

None 7(7) 1(14.29) 6(85.71)

Hypertension 74(74) 48 (64.86) 26(35.14)

Dyslipidemia 46 (46) 33(71.74) 13(28.26)

Orthopedic problems (gout, 11(11) 7(63.64) 4(36.36)

rheumatoid disease)

Cardiovascular diseases 12(12) 11(91.67) 1(8.33)
HR rest (bpm) 78.12+1812  81.38+1144  8156+1343
SBP rest (mmHg) 134.98+2368 132.64+1698 136.10+20.25
DBP rest (mmHg) 7265+1004 71771098  7451+9.26
BMWT (m) 32097+8345 297.03+8244 35841+1.09%
2MST (step) 58.84+17.34 5531+1747  64.35+15.80*
PAQ-EJ score (METs hr/wk) 5.79+360 5.30+359 6.55+3.53

Values are presented as mean + standard deviation or number (%).

BMI, body mass index; FBS, fasting blood glucose; HbATc, glycated hemoglobin;
DM, diabetes mellitus; HR, heart rate; SBP. systolic blood pressure; DBP, diastolic
blood pressure; BMWT, 6-min walk test; 2MST, 2-min step test; PAQ-EJ, Physical
Activity Questionnaire for Elderly Japanese; METs, metabolic equivalents.
*P<0.05, statistically significant differences between female versus male.

score in female trend to lower than male (5.30+3.59 METs hr/wk
vs. 6.55+3.53 METs hr/wk). The distance from the 6MW'T and
the number of steps from 2MST in female was significantly lower
than male (GMWT: 297.03 +82.44 m vs. 358.41 £71.09 m, 2MST:
55.31+17.47 steps vs. 64.35+ 15.80 steps, respectively) (Table 1).

Comparative effects between 6MWT and 2MST on
physiological changes, dyspnea, and leg fatigue in type
2 DM participants

To evaluate the cardiopulmonary endurance parameters, re-
sponses to the GMWT and 2MST in female and male type 2 DM
participants, this study measured hemodynamics, oxygen satura-
tion, dyspnea score, and leg fatigue at baseline and immediately
following the conclusion of both tests. Table 2 showed 2MST in-
creasing of HR (84.93+15.14 beats/min vs. 88.37+15.90 beats/
min, P=0.029), AHR (6.45+5.73 beats/min vs. 10.25+10.37
beats/min, P =0.0003), SBP (148.23 +21.34 mmHg vs. 155.70+
23.68 mmHg, P=0.001), and ASBP (14.47+12.58 mmHg vs.
20.72+14.85 mmHg, P =0.0006) compared to 6MWT. The re-
sults of the 2MST were also significant in evaluating the degree of
dyspnea (11.25 % 2.82 score vs. 12.63+2.76 score, P =0.0002) and
leg fatigue (1.78 £1.58 score vs. 2.53+2.29 score, P=0.0014) in
type 2 DM compared with 6MWT (Table 2). These results sug-
gest that the 2MST demonstrates a greater response amid physio-
logical parameters, dyspnea, and leg fatigue than the 6GMWT in
type 2 DM participants. However, the dyspnea score in female

Table 2. Comparation of BMWT and 2MST on physiological responses, dyspnea, and leg fatigue in type 2 DM participants (n=100)

. BMWT 2MST Pvalue

Variable - .
All participants Female (n=61) Male (n=39) Al participants Female (n=61) Male(n=39)  (Between test)

HR (beats/min) 84.93+15.14 78.80+13.46 77.97+13.31 88.37£15.90" 79.18+13.19 76.46+13.01 0.029
AHR (beats/min) 6.45+5.73 6.43+5.29 6.49+6.43 10.25+10.37" 9.89+12.39 10.82+6.10 0.0003
HR (% pred) 56.33+10.28 56.64+10.21 55.83+10.52 58.53+10.32" 59.12+10.90 5761+9.41 0.033
SBP (mmHg) 148.23+21.34 133.10+18.99 134.79+18.61 155.70+23.68" 134.13+£17.92 136.31+18.61 0.001
ASBP (mmHg) 14.47+12.58 15.15+12.07 13.41+£1343 20.72£14.85" 20.21+14.66 2151+15.30 0.0006
DBP (mmHg) 78.97+11.84 71.00+11.63 75.23+10.90 78.49+11.71 71.74+10.68 74.08+8.92 0.654
ADBP (mmHg) 6.32+7.99 6.95+840 533+7.30 5.84+860 6.36+8.81 5.03+8.30 0.544
0, sat (%) 97.82+1.13 97.80+1.12 97.49+1.60 98.10+1.09 97.69+147 97.33+1.40 0.051
A0; sat (%) 0.14+1.28 023+£1.17 0.01+£143 055+143 0.39+151 0.79+1.28 0.077
Dyspnea (6-20 grade) 11.25+2.82 11.75+2.83 10.46+2.65" 12.63+2.76" 12.90+2.57 12.21+£3.01 0.0002
Leg fatigue (0-10 grade) 1.78+158 2.01+1.63 141144 253+2.29" 2.75+222 217+2.37 0.0014

Values are presented as mean + standard deviation.

BMWT, 6-min walk test; 2MST, 2-min step test; DM, diabetes mellitus; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; 0; sat, oxygen saturation.
*P<0.05, statistically significant differences between female versus male. "P< 0.05, statistically significant differences between BMST versus 2MST. A defined as the differ-

ence between baseline and at the end of the test.
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Fig. 1. The relationship between number of steps in the 2-min step test (2MST) and distance in the 6-min walk test (BMWT) (A), leg strength test (B), and 5 time sit-
to-stand test (FTSST) (C) in all type 2 diabetes mellites participants (n=100).
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Fig. 2. The relationship between number of steps in the 2-min step test (2MST) and age (A), body weight (B), and height (C) in all type 2 diabetes mellites participants

(n=100).

was higher than male in the 6MWT (Table 2).

The correlation between 2-min step test and physical
fitness tests in all DM participants

To explore the association of physical fitness tests, the distance
from the 6MWT, the number of steps from 2MST, leg strength,
and time from FTSST were measured in all type 2 DM participants.
The data showed the number of steps in the 2MST was signifi-
cantly positively correlated with distance in 6MWT (r=0.6995,
P <0.0001) (Fig. 1A) and isometric leg strength (r=0.4292, P <
0.0001) (Fig. 1B). Moreover, the number of steps in the 2MST
was significantly negatively correlated with the time of the FTSST
(r=-0.405, P <0.0001) (Fig. 1C). These outcomes indicate that the
2MST—a cardiopulmonary endurance test employed in the elder-
ly—predicted walking capacity, leg strength, and ability to change
position from sitting to standing in patients with type 2 DM.

The correlation between 2-min step test, age, height, and
body weight in all DM participants

The association between the 2MST, age, and height were ob-
served in patients with DM (Fig. 2). The 2MST was weakly nega-
tively correlated with age (r=-0.250, P =0.0123) (Fig. 2A) and

218 https://www.e-jer.org

Table 3. The optimal cut off score, sensitivity, specificity, and AUC of the
2MST in all type 2 DM participants

. Cutoff Sensitivi Specifici AUC
eI steps) (%) Y i Y (95% Cl)
Total (=100 <61 024 8136 095091099
Female(n=61) <5 8214 8182  094(089-099)
Male (n=39) <61 g0 8750  095(087-100)

AUC, area under ROC curve; 2MST, 2-min step test; DV, diabetes mellites; CI, con-
fident interval.

barely positively correlated with height (r=0.205, P =0.04) (Fig.
2B). Nevertheless, the 2MST was not correlated with body weight
in these participants (r=0.136, P =0.179) (Fig. 2C).

The optimal cutoff score, sensitivity, specificity, and AUC
of the 2-min step test in all type 2 DM participants.

To assess cardiorespiratory fitness prediction in patients with
DM, the 2MST was analyzed via the ROC analysis. The results of
this study showed that the number of steps amid the 2MST for
optimal cutoff was <61 steps, with 92.24% sensitivity, 81.36%
specificity, and AUC (95% confident interval) at 0.95 (0.91-0.99)
(Table 3). The optimal cutoff score was also divided into female
and male (female <59 and male <61 step, Table 3). This implied
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that patients with type 2 DM who performed the 2MST <61 steps
were significantly associated with decreased cardiorespiratory fit-
ness.

DISCUSSION

This study demonstrated that the number of steps in the 2MST
was positively associated with the distance in the 6MW'T, and leg
strength. The 2MST was also negatively correlated with duration
to perform the FTSST in type 2 DM patients. Moreover, our cur-
rent study established that the optimal cutoff score of the 2MST
was <01 steps to predict cardiorespiratory fitness in type 2 DM
patients.

Maximal oxygen uptake is widely used as a key standard indi-
cator for cardiorespiratory capacity or aerobic exercise capacity
measurement. The 2MST and 6MWT are aerobic exercise capaci-
ty tests often used for evaluation of cardiorespiratory fitness in
healthy or pathological populations. The 2MST was first intro-
duced as part of the Senior Fitness Test by Rikli and Jones (1999a).
So, participants were tested in the standing position and marched
in place as fast as possible for 2 min while lifting the knees to a
height midway between the patella and iliac crest. The 2MST has
the advantage of requiring a short testing duration, limited space,
and no expensive equipment. The 6OMWT is a walking test where-
by participants are instructed to walk along a flat corridor marked
with a 30-m track pathway as quickly as possible, without run-
ning, for 6 min. Although the 6GMWT is currently recommended
for evaluating functional exercise capacity regardless of the setting,
it requires minimal equipment, it is simple in its application and
does not require practice - it is not practical in homes, medical of-
fices, and communities due to its requirement of a hall 30 m long.
The results of this study observed that the 2MST was able to in-
duce cardiorespiratory stress-HR, SBP, dyspnea score, and leg fa-
tigue, more so than the 6GMWT. This indicates that shorter dura-
tion tests might be suitable as a reasonable estimate of cardiore-
spiratory capacity in participants. Whereas, the FTSST is used to
assess functional lower extremity strength, transitional movements
of sitting to standing, dynamic balance, and fall-risk in older adults
(Whitney et al., 2005). Our data showed the number of steps in
the 2MST was negatively correlated with the duration to perform
FTSST, and positively correlated with leg strength. This suggested
that lower extremity muscle strength performance is necessary to
perform the step test. This result may imply that the 2MST test
was a predictor of lower extremity muscle strength in patients with
type 2 DM as well as the FTSST, and leg strength test.

https://doi.org/10.12965/jer.2244232.116

A field test is commonly used to evaluate cardiopulmonary and
musculoskeletal systems in clinical practice. It exhibits high clini-
cal value amid the design exercise prescription for rehabilitation
programs. The 2MST was employed to estimate the endurance
exercise capacity, and as such it is practical and relevant for older,
impaired, or pathological participants, especially those with co-
morbidities. Furthermore, our results presented a relationship be-
tween the decline of cardiorespiratory capacity, the reduction of
leg strength, and loss of physical function in patients with type 2
DM. This study provides useful information on the 2MST to de-
termine a person’s cardiorespiratory performance level, and thus
identify the categorization of normal and poor cardiorespiratory
fitness. Thus, the 2MST could be a field test option for the mea-
surement of aerobic capacity, planning and progression of exercise
protocols, as well as the prognosis of aerobic and physical capacity
in type 2 DM.

Regarding previous studies reporting the validity and sensitivi-
ty of the 2MST as a predictor of aerobic capacity and exercise ca-
pacity. The result in elderly and healthy participants demonstrated
that the number of steps performed during the 2MST was com-
pared to the distances of the GSMWT in 60 participants for validi-
ty, r=0.935, and the sensitivity of the 2MST was high amid the
number of steps achieved by both elderly and healthy participants
(Chaturvedhi, 2021). The statistical validity, reproducibility, and
sensitivity of the 2MST was also demonstrated in inpatients and
outpatients who were participating in cardiopulmonary rehabili-
tation. Comparing the 2MST and 6MWT in 158 participants for
validity where = 0.925, reproducibility revealed a minimal learn-
ing effect, and the sensitivity of the 2MST was high in all partici-
pating groups (Haas et al., 2017). Notwithstanding, there was no
documentation employed as a cutoff score of 2MST to predict car-
diorespiratory fitness in type 2 DM patients. Interestingly, our re-
sults first demonstrated the number of steps of 2MST <61 steps
for optimal cutoff, with 92.24% sensitivity and 81.36% specificity.

There are some limitations concerning this study. First, as is al-
ready known, there are numerous factors such as sex, age, gender,
weight, and height which could potentially affect physical fitness.
This study has demonstrated that age and height held significant
correlation with the number of steps in the 2MST. Moreover, the
number of female participants outnumbered male participants.
These factors might have influenced the number of steps despite
the participants being encouraged throughout performance. There-
fore, this study was analyzed the 2MST data by gender. Although
the sample size is relatively small and the male participants were
few, the tendency of the predictive values was quite acceptable.
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Hence, future studies should be studied at a larger size for each
gender. Second, the presence of potential confounders such as med-
ical conditions, medication use, and orthopedic problems, which
might result in a bias, could not be avoided. Finally, although this
study provided the optimal cutoff score of the 2MST to be an op-
tion of a field test for measurement of aerobic capacity with the
flexibility to divide patients into normal and limited cardiorespi-
ratory fitness, maximal oxygen consumption amid cardiopulmo-
nary exercise testing is a gold standard to assess cardiorespiratory
fitness levels.

In conclusion, our findings suggested that the number of steps
in the 2MST showed positive correlation with the OMWT dis-
tance, leg strength, and negative correlation with duration to pet-
form the FTSST in type 2 DM patients. Lastly, this study estab-
lished that the optimal cutoff score of the 2MST was <61 steps to
predict cardiorespiratory fitness in type 2 DM patients.
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