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Purpose: This study aimed to assess the consistency of hand-held electronic incremental threshold loading device (I-TLD) and 
traditional constant threshold loading device (C-TLD) in measuring the perception of dyspnea (POD) in humans.
Patients and methods: Thirty-eight patients with stable chronic obstructive pulmonary disease (COPD) and 41 non-COPD subjects 
were recruited for the study, all of whom were subjected to an external loading breathing test by gradually increasing the inspiratory 
load starting from 0 to 5, 10, 20, and 30 cmH2O oral pressure using I-TLD and C-TLD. The Borg score measurement was performed 
immediately after the loading breath of each level. The linear regression slope a of Borg scores vs percentage of oral pressure from the 
patients’ maximum represented patients’ POD. The consistency of POD measured by the two devices was analyzed by two Related 
Samples Wilcoxon test, Spearman correlation analysis, and Bland-Altman analysis.
Results: There was no significant difference in slope a measured by the two devices in all subjects. The Spearman correlation analysis 
revealed that the slope a measured by the two devices in the inspiratory loading breath test had a significant correlation: in COPD 
patients, r = 0.678, (p < 0.001) and in non-COPD subjects, r = 0.603, (p < 0.001). For the results of the Bland-Altman analysis of the 
whole subjects, 3.8% (3/79) points were outside of the 95% LoA confidence interval (CI) (−10.380, 9.457), and the LoA CI was 
acceptable, which depicted that the two devices were consistent in their estimation.
Conclusion: I-TLD was consistent with C-TLD in measuring POD in COPD patients and non-COPD subjects. I-TLD may be used as 
an alternative method to replace C-TLD to measure POD in COPD patients and non-COPD subjects.
Keywords: consistency evaluation, chronic obstructive pulmonary disease, external load breathing test, perception of dyspnea

Introduction
Dyspnea is a common distressing symptom of cardiopulmonary and neuromuscular diseases. In COPD patients, dyspnea, 
particularly during exertion, is a cardinal symptom.1,2 The degree of dyspnea is usually determined by utilizing patients’ 
experience1,3 and is often independent of forced expiratory volume in one second (FEV1) of patients.4,5 Some patients with 
COPD perceive the severity of their disease rather poorly, and those patients may not receive optimal therapy because of the 
underpresentation of their respiratory symptoms. Conversely, other patients with overperception are at risk of increased and 
inappropriate use of reliever medications and antibiotics since they frequently seek medical assistance.2,6 Thus, objective 
evaluation of the perception of dyspnea (POD) has an important clinical significance in identifying such patients.2 For this 
purpose, some laboratory methods are often used to simulate the dyspnea sensation experienced by patients. The external 
respiratory loading breath test is a commonly used method for measuring POD. This method made the subjects experience 
laborious breathing by artificially setting respiratory resistance. POD is usually measured by evaluating the sensation of 
dyspnea under different resistance.7

Previous studies have reported using a traditional constant threshold loading device (C-TLD) to measure POD, which 
also finds its application in respiratory muscle strength training. The basic principle of the device is based on setting the 
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respiratory resistance at a constant level, and the subject must continue to overcome the resistance for breathing within 
the set time. The calculation of POD is then done based on the scale to score dyspnea sensation.

Recently, with the continuous update of respiratory muscle strength training instruments, a hand-held electronic 
incremental threshold loading device (I-TLD) has been applied for respiratory muscle strength training. In contrast to 
C-TLD, following setting up the resistance, the respiratory resistance applied by the device achieves the pre-set 
resistance value by gradually increasing the resistance. I-TLD has enabled the subject to gradually adapt before reaching 
the pre-set resistance value, which potentially reduces the patient’s resentment to loading breath. Similarly, applying 
I-TLD has been found to be more convenient as it relies on the software system for recording patients’ respiratory data.

In view of the significance of POD measurement in the management of COPD patients, it is necessary to choose 
easier and more patient-acceptable instruments to assess POD in COPD patients. However, whether I-TLD can be 
applied for estimating POD with good consistency with C-TLD has not yet been reported in the previous literature. In the 
present study, we investigated whether the assessment of POD by an I-TLD test produces results comparable with those 
of a C-TLD test for COPD and non-COPD participants.

Participants and Methods
Participants
This study recruited the subjects who underwent physical examination in a community in Tongzhou District Beijing 
between June 2021 and October 2021.

The recruitment criteria for COPD were in accordance with the Global Initiative for Chronic Obstructive Lung 
Disease (GOLD),2 and subjects were clinically stable for at least three months before testing. The exclusion criteria of 
COPD subjects included those having experienced a respiratory infection or acute exacerbation of COPD in the past three 
months, those suffering from a large number of lung tissue destructive diseases, such as severe bronchiectasis or 
pulmonary tuberculosis, those who underwent chest surgery or abdominal surgery in the past three months, those 
whose heart rate was >120 beats/min, those who were undergoing anti-tuberculosis treatment, those who were having 
other serious uncontrolled systemic diseases, pregnant and lactating mothers, those who have participated in other 
clinical trials, and those with heart failure, respiratory failure, severe neuromuscular diseases, or current oral sedatives.

The recruitment criteria for non-COPD subjects were defined as those having an FEV1/ FVC of >75% before bronchodilator 
inhalation, while those non-COPD subjects who had a history of chronic respiratory diseases or present acute respiratory 
diseases, those who underwent chest surgery or abdominal surgery in the past three months, those who had a heart rate of >120 
beats/min, those who had anti-tuberculosis treatment, those who had other combined uncontrolled systemic diseases, pregnant or 
lactating mothers, those who have participated in other clinical trials, and those with heart failure, respiratory failure, severe 
neuromuscular diseases, severe mental diseases, or current oral sedatives were excluded from the study.

The demographic and clinical data were collected from all recruited subjects, including gender, age, smoking history, 
respiratory symptoms, lung function, etc., followed by measuring the maximum inspiratory pressure. Following this, the 
POD was measured with two devices. In 41 COPD patients, one patient did not complete the I-TLD test, one patient did 
not complete the C-TLD test, and one patient had neither device test completed. In 41 non-COPD subjects, both device 
tests were completed. The subject’s recruitment and test processes are summarized in Figure 1.

Methods
Spirometry
Trained and certified technicians performed pulmonary function tests before or after bronchodilator inhalation (salbuta-
mol 400 µg) using a MasterScreen Pneumo PC spirometer (Masterscreen Pneumo, Carefusion, Hochberg, Germany) 
according to a standard protocol.8 FVC and FEV1 were measured in triplicates, and the best value was selected. The 
subjects were examined for pulmonary function from 8:00 to 12:00.

Maximum Inspiratory Pressure (MIP)
MIP was measured following a pulmonary function measurement. All subjects were seated comfortably and briefed 
about the process by an experienced operator. The subjects were made to perform the maximum inspiratory action at 
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or near the residual volume (RV) (Mueller method), and then the MIP was measured via respiratory muscle strength 
measurement program in the I-TLD (Saike [Xiamen] Medical Devices Co. Ltd., China). The I-TLD had the flow 
channel design structure comprising a valve head and a sensor. The latter detects the pressure difference signal 
between exhalation and inhalation. The microcontrol unit (MCU) processor calculates various ventilation function 
parameters, such as volume through flow rate integration. The MIP test was repeated three times to select the best 
value.8

External Loading Breath Test
The subjects also performed an external loading breath test using C-TLD and I-TLD. The order of device use was 
random where, following each level of loading breath, Borg scale was used to score dyspnea sensation. The subjects 
received complete rest for 30 min between the two device tests.

Figure 1 Consort diagram of the study. 
Abbreviations: COPD, chronic obstructive pulmonary disease; MIP, maximum inspiratory pressure; I-TLD, hand-held electronic incremental threshold loading device; 
C-TLD, traditional threshold loading device.
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1. C-TLD test: The external loading test was conducted using breathing trainer-C2 (Hangzhou Julu Medical Instrument 
Co. Ltd., China), as proposed by Larson.9 The opening of the inspiratory valve is guarded by a compressed spring with 
the ability of inspiratory load adjustment between –6 cmH2O and –41 cmH2O. The inspiratory load rising mode of the 
device is depicted in Figure 2A. During the procedure, the subject must overcome the pre-set inspiratory load to switch 
on the device's inspiratory valve to allow the airflow to pass through it. The study was performed adopting a previously 
reported protocol.10,11 Briefly, the subjects were allowed to breathe against a progressive load at 1-min intervals to 
achieve oral pressure of 0 cmH2O (no load), followed by a gradually increasing pressure to 5, 10, 20, and 30 cmH2O. 
Following breathing for 1 min at each load level, the subjects were allowed to rate the sensation of dyspnea using Borg 
scale.12 In instances where the subjects could not tolerate the respiratory resistance, the test was immediately halted, and 
the subjects were allowed to score the sensation of the last loading breath.
2. I-TLD test: The external loading test was performed using a hand-held electronic incremental loading device (Saike 
[Xiamen] Medical Devices Co. Ltd., China), where the MCU processor of the device controls the drive gear through an 
automatic command system to increase or decrease the valve area as per the corresponding impedance position during 
operation. The subjects were supposed to overcome the resistance to applying the inspiratory load during the inspiratory 
phase. The rising mode of the inspiratory load of the device is depicted in Figure 2B. In this experiment, a manual 
selection mode was applied to increase the respiratory load where the levels of 0 (no load), 5, 10, 20, and 30 cmH2O were 
selected in a defined sequence. The first two breaths at each level were resistance-free detection, followed by gradually 
increasing the load to 25%, 50%, 75%, and 100% in the subsequent four breaths, and six effective breaths were recorded 
at each level of the inspiratory load. All subjects were allowed to rest for 1 min between the two consecutive levels of 
resistance, during which dyspnea sensation was scored using Borg score. In instances where the subjects could not 
tolerate the respiratory resistance, the test was immediately halted, and the subjects were allowed to score the sensation 
of the last loading breath.
3. Measurement of dyspnea sensation: Following each level of loading breath, the sensation of dyspnea was scored 
using Borg scale, which is a numerical linear scale ranking the level of dyspnea from 0 (none) to 10 (maximum).

Statistical Analysis
All experimental data obtained were statistically analyzed. The quantitative data did not conform to the normal 
distribution, which was thus described by the median (5–95 percentile), and the classified data was described by the 
sample size (percentage). To quantify the perception of dyspnea, the linear regression slope of Borg dyspnea score vs 
percentage of oral pressure from the patient’s maximum was calculated by using the following equation: Borg = y + a % 
MIP.13 The “slope a” represented the sensitivity to dyspnea caused by changes in the external respiratory resistance, ie, 
POD. Borg scores of the two devices at each resistance level were compared by two related samples Wilcoxon test, while 

Figure 2 Load rising modes of the two devices. (A) Load rising mode of C-TLD. (B) Load rising mode of I-TLD. 
Abbreviations: I-TLD, hand-held electronic incremental threshold loading device; C-TLD, traditional threshold loading device.
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the consistency of POD measured by the two devices was analyzed by two related samples Wilcoxon test, Spearman 
correlation analysis, and Bland-Altman analysis.

Results
Subjects
The general characteristics of the subjects are shown in Table 1. The subjects with COPD were 36–80 years old (median 
age of 57.5 years). Simultaneously, non-COPD subjects were 35–75 years old (median age of 54.0 years). The total 
proportion of male COPD subjects was 76.3% of the sample size, with a higher smoking rate (60.5%) than in non-COPD 
subjects (41.5%). The pulmonary function grades of COPD patients were GOLD I (34.2%), GOLD II (44.7%), GOLD III 
(15.8%), and GOLD IV (5.3%), respectively.

Measurement results of Threshold Loading Breath Test of the Two Devices
Borg score obtained using two devices at the resistance level of 5 (p = 0.002) and 10 cmH2O (p = 0.039) was found to be 
statistically significant for COPD subjects (as shown in Table 2) with a high Borg score, while no significant difference 
was observed at resistance levels of 0, 20, and 30 cmH2O. Similarly, no significant difference in Borg score was observed 
with both devices at each resistance level in non-COPD subjects. In all subjects, the difference in Borg scores at the 5-cm 
H2O resistance level was statistically significant (p = 0.001), while the Borg scores of other resistance levels were not 
significant. There was no significant difference in slope a measured by the two devices in either of the subjects.

The distributions of slope a in COPD and non-COPD subjects are illustrated in Figure 3A and B. The slope a 
measured demonstrated a non-normal distribution using two different devices where the median slope a of patients with 
COPD was 8.1 (5–95%, percentile: 1.3–18.3) for the I-TLD test and 8.1 (5–95%, percentile: 1.6–30.7) for the C-TLD 
test. Meanwhile, in non-COPD subjects, the median slope a of the I-TLD test was 8.3 (5–95%, percentile: 4.1–20.9), and 
8.1 (5–95%, percentile: 1.2–23.0) for C-TLD test. Compared to C-TLD, the slope a value distribution of I-TLD was more 
concentrated.

A significant correlation between the slope a was found for both devices in the inspiratory loading breath test for 
COPD subjects (r = 0.678, p < 0.001, Figure 4A), while r = 0.603, p < 0.001 (Figure 4B) was observed in non-COPD 

Table 1 General Characteristics of Enrolled COPD and Non-COPD Subjects

Variables COPD Patients (n = 38) Non-COPD Subjects (n = 41)

Age (years) 57.5 (40.8–78.1) 54.0 (35.0–67.4)

Gender (male), n (%) 29 (76.3) 21 (51.2)

BMI (kg/m2) 25.6 (20.7–29.9) 27.4 (20.6–34.1)

Former or current smoker, n (%) 23 (60.5) 17 (41.5)

MIP (cmH2O) 75.5 (27.6–117.2) 73.0 (47.7–148.5)

FEV1/FVCa, % 63.7 (47.4–69.5) 83.2 (75.5–90.5)

GOLD stage of COPD

GOLD stage I 13 (34.2) -

GOLD stage II 17 (44.7) -

GOLD stage III 6 (15.8) -

GOLD stage IV 2 (5.3) -

Notes: Data are presented as median (5–95 percentile) or n (%). aFEV1/FVC was measured after bronchodilator inhalation in 
COPD patients, while it was measured before bronchodilator inhalation in non-COPD subjects. 
Abbreviations: COPD, chronic obstructive pulmonary disease; BMI, body mass index; MIP, maximum inspiratory pressure; FEV1/FVC, 
ratio of forced expiratory volume in one second to forced vital capacity; GOLD, global initiative for chronic obstructive lung disease.
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subjects. The Bland-Altman method was also employed to analyze the slope a measured using both devices (Figure 5), 
where 3.8% (3/79) points were outside of the 95% LoA CI (−10.380, 9.457) in all subjects, and the LoA CI was 
acceptable, which depicted that the two devices were consistent in their estimation.

Discussion
This study aimed to measure POD using I-TLD and C-TLD during a threshold loading breath test in COPD and non- 
COPD subjects and evaluate the consistency of the two devices. Our results showed that I-TLD was consistent with 
C-TLD in measuring POD in COPD patients and non-COPD subjects. Meanwhile, we observed that Borg scores for 
I-TLD were lower at the beginning of the test in subjects with COPD, implying that the I-TLD maneuver is more likely 
to be acceptable by the subjects.

The external loading breathing test has been widely used to study the mechanism and perception of dyspnea in healthy 
subjects14–17 and COPD patients7,18–22 to evaluate the impact of dyspnea perception on diseases and explore new strategies to 

Table 2 Borg Scores and Slope a Measured by the Two Devices in COPD and Non- 
COPD Subjects

C-TLD I-TLD p value

COPD patients

Borg scores of 0 cmH2O level 0 (0–1.0) 0 (0–1.0) 1.000

Borg scores of 5 cmH2O level 0.5 (0–3.0) 0.3 (0–2.0) 0.002

Borg scores of 10 cmH2O level 2.0 (0–4.1) 1.5 (0–3.0) 0.039

Borg scores of 20 cmH2O level 3.0 (0.5–7.0) 3.0 (0–5.0) 0.123

Borg scores of 30 cmH2O level 4.0 (0.5–10.0) 4.0 (0.5–9.1) 0.208

Slope a 8.1 (1.6–30.7) 8.1 (1.3–18.3) 0.939

Non-COPD subjects

Borg scores of 0 cmH2O level 0 (0–0) 0 (0–0) 1.000

Borg scores of 5 cmH2O level 0.5 (0–2.9) 0.5 (0–2.0) 0.160

Borg scores of 10 cmH2O level 1.0 (0–4.9) 2.0 (0–3.0) 0.898

Borg scores of 20 cmH2O level 3.0 (0.5–5.9) 3.0 (0.5–4.0) 0.682

Borg scores of 30 cmH2O level 4.0 (0.5–7.9) 3.0 (2.0–5.0) 0.798

Slope a 8.1 (1.2–23.0) 8.3 (4.1–20.9) 0.995

All subjects

Borg scores of 0 cmH2O level 0 (0–0.5) 0 (0–0.5) 1.000

Borg scores of 5 cmH2O level 0.5 (0–3.0) 0.5 (0–2.0) 0.001

Borg scores of 10 cmH2O level 2.0 (0–4.0) 2.0 (0–3.0) 0.202

Borg scores of 20 cmH2O level 3.0 (0.5–7.0) 3.0 (0.5–4.0) 0.151

Borg scores of 30 cmH2O level 4.0 (0.5–9.0) 4.0 (2.0–7.0) 0.292

Slope a 8.1 (1.2–23.0) 8.3 (2.4–18.6) 0.845

Note: Data are presented as median (5–95 percentile). 
Abbreviations: slope a, Borg scores vs percentage of oral pressure from the patient’s maximum; COPD, chronic 
obstructive pulmonary disease; I-TLD, hand-held electronic incremental threshold loading device; C-TLD, traditional 
threshold loading device.
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reduce dyspnea. During loading breath, inspiratory muscle effort evokes large rib cage and neck muscle activation. 
Meanwhile, there is a decrease in the rib cage and neck muscle tissue oxygen saturation, which may indicate a mismatch 
between inspiratory muscle oxygen delivery and utilization.23 The external load breathing test mainly creates a sense of 
breathing effort in a patient.3 Since breathing effort is the main manifestation experienced by COPD patients,24,25 and the 
airway resistance in COPD patients in acute exacerbation is high in comparison to remission,26 the dyspnea simulated by 
external loading breath test might help get a close to the real sensation in COPD patients. This method has the inherent merits 
of being easy to standardize and observe a wider range of dyspnea sensations within the ethical range and measuring POD in 
healthy subjects16 and COPD patients7 in a repetitive manner.

In the present study, we measured the POD by calculating the sensitivity to dyspnea caused by changes in the external 
respiratory resistance. The threshold loading breath test instrument27 works on the principle that the subject’s oral 
pressure must exceed a certain threshold limit to produce a significant inspiratory flow while breathing under a constant 
inspiratory load. Following improvements made by Larson,7 a discontinuous incremental loading breath test can be used 

Figure 4 Scatter plot of slope a for the two devices. (A) Scatter plot of slope a in patients with COPD. (B) Scatter plot of slope a in non-COPD subjects. 
Abbreviations: slope a, Borg scores vs percentage of oral pressure from the patient’s maximum; COPD, chronic obstructive pulmonary disease; I-TLD, hand-held 
electronic incremental threshold loading device; C-TLD, traditional threshold loading device.

Figure 3 Distribution of linear regression coefficient (slope a) in the two devices. (A) Distribution of linear regression coefficient (slope a) in patients with COPD. (B) 
Distribution of linear regression coefficient (slope a) in non-COPD subjects. 
Abbreviations: slope a, Borg scores vs percentage of oral pressure from the patient’s maximum; COPD, chronic obstructive pulmonary disease; I-TLD, hand-held 
electronic incremental threshold loading device; C-TLD, traditional threshold loading device.
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as an alternative to increasing the rest time of the patients during the test, which may translate into a significant reduction 
of potentially unpleasant sensations of subjects to the test. Additionally, its reliability of repeated measurements of POD 
in patients with COPD has also been confirmed. Following that, Larson et al9 have improved the threshold loading breath 
device and developed a compressed spring system to limit the opening of the inlet flap, making the device more 
convenient to use. However, the major demerit of the device is that the patient must breathe under constant resistance 
once the device is set at a certain load value until and unless the load value is changed artificially.

With the advent of modern and updated respiratory training instruments, I-TLD has been employed in respiratory 
muscle strength training. This device has been more convenient and has had an edge in recording patients’ respiratory 
data by relying on the software system, yet it has not been applied for measuring POD. Compared to C-TLD, the initial 
loading at each loading level is low due to the gradual pressure increment, but the subjects still need to reach the pre-set 
resistance value at the end of each level. This gradual increase in the load gave the subjects an adaptation relay, but it 
must finally reach the pre-set respiratory loading level.

In the present study, we evaluated the consistency between the domestic I-TLD and C-TLD in measuring the POD of 
patients with COPD by using the linear regression slope a between Borg score and the percentage of patients’ oral 
pressure in MIP to express the sensitivity of subjects to changes in external respiratory load. Although the two devices 
have different ways of increasing load, we observed that there was no significant difference in slope a measured by the 
two devices for either all subjects and the slope a was correlated in both COPD and non-COPD subjects, where the slope 
a of the total participants was consistent between the two devices through the Bland-Altman analysis.

In our study, the differences in Brog scores and slope a were insignificant for both devices in non-COPD subjects, 
while a significant difference was observed in COPD patients at the first two loading levels where Borg scores for C-TLD 
were higher. Furthermore, with an increased loading level, the difference became statistically insignificant. The possible 
reason could be that COPD subjects experienced more unwanted sensations during C-TLD in the early stages of the test, 
ie, 5- and 10-cmH2O loading levels, and despite successfully overcoming the respiratory resistance, the dyspnea score 
was higher. However, interestingly, in the later stages of loading levels, ie, 20 and 30 cmH2O, the influence of unwanted 
sensation weakened, which might be because of subjects’ adaptation to the test resulting in an insignificant difference in 
Borg scores between both devices. Many previous studies have demonstrated that dyspnea among COPD patients could 
also be attributed to emotional and psychological aspects of the patients,4,21,28 where the patients were more conscious of 
dyspnea attention and aversion. Similarly, Esser and his colleagues have found significant involvement of emotional 
brain regions (hippocampus and amygdala) in the COPD patients before the loading breath test,21 where they observed 

Figure 5 Consistency evaluation of slope a in all subjects for the two devices. 
Abbreviation: slope a, Borg scores vs percentage of oral pressure from the patient’s maximum.
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no significant difference between the test and rest states of the patients. Since the increase in loading level for I-TLD was 
gradual, it could be of pivotal importance in reducing the impact of patients’ psychological impact on the test.

Additionally, I-TLD had the advantage of time-saving, being an efficient method primarily based on the number of 
breaths with each loading level of 6 breaths (about 30 s), which is less time-consuming than C-TLD, which involves 
breathing for 1 min at each loading level.

Finally, the subjects’ tolerance to both devices was similar, and the difference in the number of subjects who failed to 
complete the test was not statistically significant, while I-TLD did not confirm that more subjects completed the test. The 
possible reason could be that the requirements of the two devices on the patients’ respiratory muscle strength were 
similar. At the same level of a loading breath test, the subjects must overcome the same set load to complete the test.

Currently, most reported studies on POD in COPD patients have had small sample sizes, and a comprehensive 
understanding of POD characteristics in large COPD populations is still lacking. One of the reasons is that loading 
breathing test is not easy to implement. However, our present study showed the consistency of I-TLD and C-TLD in 
measuring POD, and I-TLD also had potential advantages in terms of time-saving and patient compliance.

In the present study, we also preliminarily compared the POD between the COPD and non-COPD subjects, and the 
result showed no significant difference between COPD and non-COPD subjects, which was consistent with a previous 
report,29 and suggested that COPD might not interfere and damage the central nervous system and conduction pathways 
to affect the dyspnea perception, although it still requires further studies to confirm.

In the present study, we selected fixed incremental loads as the protocol, which has been used in some previous 
studies.10,11 In the present study, we chose this protocol for the following reasons. First, the loading levels chosen for 
each patient in both device tests were the same for each individual, and the fixed resistance represented the same 
percentage of the individual’s MIP; hence, this protocol did not affect the consistency comparison of the two devices in 
measuring POD. Second, the present protocol is more convenient, eliminating the step of calculating resistance as a 
percentage of MIP during the test. Certainly, we also agree that a progressive load based on values relative to MIP for 
each individual (ie, 10%, 20%, 30%, and 40% of MIP) may be an alternative in future clinical practice.

There are some limitations to our study. First, similar to other COPD studies, the majority of COPD patients enrolled 
were males. Second, because the patients with COPD enrolled in the present study came from the screening for COPD 
conducted in a general population, they had fewer symptoms, and the majority of them were at GOLD I and II stages, 
which does not represent all COPD subjects. Furthermore, smokers were not excluded from the healthy subjects, and it 
was also unclear whether smoking may affect the POD results of the subjects or not. Additionally, the reproducibility of 
POD measurement using I-TLD was not evaluated, although the reproducibility has been confirmed for C-TLD.7

Conclusion
I-TLD showed good consistency with C-TLD for measuring POD in COPD and non-COPD subjects, which can be used 
as a novel alternative to C-TLD for measuring POD in both COPD and non-COPD subjects. Furthermore, compared to 
C-TLD, I-TLD proved the merit of time-saving, easy data recording, and helping reduce the emotional interference with 
the test. Therefore, our findings contribute to the wide application of I-TLD for measuring POD in patients with COPD, 
which will help identify differential characteristics of patients with COPD and define a new phenotype that, if identified 
early, would allow performing interventions to prevent a negative impact on the morbidity/mortality of these patients.

Abbreviations
I-TLD, hand-held electronic incremental threshold loading device; C-TLD, traditional threshold loading device; POD, 
perception of dyspnea; COPD, chronic obstructive pulmonary disease; GOLD, global Initiative for chronic obstructive 
lung disease; FEV1, forced expiratory volume in one second; FVC, forced vital capacity; FEV1/FVC, ratio of forced 
expiratory volume in one second to forced vital capacity; MIP, maximum inspiratory pressure; RV, residual volume; 
MCU, microcontrol unit; slope a, Borg scores vs percentage of oral pressure from the patient’s maximum.
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