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Dear Editor,
To personalize chronic obstructive pulmonary disease (COPD) pulmonary rehabilitation programs, the American Thoracic Society/European Respiratory Society guidelines advise an initial functional assessment [1]. The six-minute walking test (6MWT) is one of the field walking tests recommended to measure the functional exercise performance [2]. However, the 6MWT requires a 30m obstacle-free corridor, demands a familiarization test and takes time. Consequently, simpler and easier alternatives to the 6MWT have been explored in recent years, such as the one-minute sit-to-stand test (1STST).
The 1STST only requires a chair and take less time than 6MWT, making it easy to implement and feasible for use in different clinical settings such as in primary care, at bedside or in private practice [3]. To date, multiple studies have found that 1STST is valid and correlates well with 6MWT, quadriceps strength, or physical activity [4-9]. Nonetheless, only two studies have explored the reliability and potential learning effect of 1STST in COPD [6, 10]. In the latter studies, only the short-term reliability of 1STST was tested (i.e. test-retest the same day). Besides, the cohorts were relatively small (42-52 individuals), which precluded a closer investigation of the 1STST reliability across the different severity groups of the disease [6]. 
Therefore, we evaluated the intra-visit (within-day) and inter-visit (between-day, one month apart) test-retest reliability of the 1STST performance and its corresponding physiological responses in a cohort of 120 individuals with stable COPD as well as in COPD subgroups, delineated by either airflow obstruction or dyspnea severity.

People with COPD were recruited at the Nhan Dan Gia Dinh hospital and the Hai Duong province general hospital between December 2021 and July 2022. Inclusion criteria were to be clinically stable for ≥4 weeks and to be aged between 40-79 years old. Exclusion criteria were: pulmonary exacerbation [11] within the previous 4 weeks, lower extremity surgery within the previous 3 months, limitation of lower extremity movement related to neurological and musculoskeletal disorders, unstable heart disease, language barrier, difficulty to understand the study procedures, or any contra-indications to perform exercises. All participants signed a written informed consent form in accordance with the Declaration of Helsinki. The study was approved by the Ethics Committee of the University of Medicine and Pharmacy in Ho Chi Minh City (843/HDDD-DHYD).
Each participant performed two 1STST with an 30 to 60-min interval between each test during the first visit (Visit #1). This procedure was then repeated during a second visit (Visit #2) one scheduled month after the first visit. The 1STST was performed with a standard chair (height: 46cm) without armrests. Standardized instructions published elsewhere [10] were given to all participants before the procedure. 
Lung function was measured at baseline following published guidelines [12]. The modified Medical Research Council (mMRC) dyspnea scale was used to assess the degree of functional disability due to dyspnea at the initial visit. For each 1STST, peripheral oxygen saturation (SpO2) and heart rate were measured by using a finger pulse oximeter (Jumper JPD-500G (LED)) and their differences between initial (before starting the test) and final values (at test termination) were calculated. Exercise-induced desaturation was considered whenever a drop in SpO2 of ≥4% was observed [13]. Dyspnea was assessed immediately after each test using the modified Borg scale [14].
To examine the role of dyspnea severity or airflow obstruction on 1STST reliability, the following subgroups were defined based on the Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2022 classification [11]: “GOLD_A&C” comprising participants with low symptoms (i.e. mMRC 0‒1, GOLD groups A & C); “GOLD_B&D” representing highly symptomatic participants (mMRC ≥ 2; GOLD groups B & D), “GOLD_1&2” for participants with mild to moderate airflow obstruction (forced expiratory volume in 1 second [FEV1]% predicted ≥50%; GOLD grades 1 & 2), and “GOLD_3&4” for those with severe to very severe obstruction (FEV1% predicted <50%; GOLD 3 & 4).
Results were expressed as mean with standard deviation or median with interquartile range according to data distribution. According to Consensus-based Standards for the selection of health status Measurement Instruments (COSMIN) guidelines, test-retest reliability was defined as the extent to which a measurement gives the same results on separate administrations [15]. The 1STST intra-visit test-retest reliability was assessed from consecutive tests performed the same day. This included the analysis of the reliability between the two tests from the initial visit (visit #1), then between the two tests conducted during the visit at 1-month follow-up (visit #2). The inter-visit test-retest reliability was assessed by comparing the first 1STST values obtained during visits #1 and #2. Three methods were used to explore data reliability. First, comparison of the 1STST performance and its physiological responses were assessed between tests using the paired t-test or the Wilcoxon test as appropriate. Second, intraclass correlation coefficients (ICC) were calculated using a one-way random model to verify the intra- and inter-visit reliability of the 1STST. The ICC values were expressed with 95% confidence intervals (CI). Based on the lower bound of the 95% CI of the ICC estimate, values less than 0.5, between 0.5 and 0.75, between 0.75 and 0.9, and greater than 0.90 are indicative of poor, moderate, good, and excellent reliability, respectively [16]. Third, Bland & Altman plots were created to assess the agreement in 1STST results between tests. Limits of agreement (LoA) were calculated as mean difference ± 1.96x standard deviation (SD) of differences. Regarding the reliability of oxygen desaturation between 1STST repeats, a 2x2 contingency table and the Kappa coefficient were used. The strength of agreement was evaluated using published benchmarks [17]. 
Comparisons between predefined COPD subgroups were tested via the independent samples t-test or the Mann-Whitney test as appropriate. Proportions were compared using the chi-squared test or Fisher’s exact test (if expected number <5).
The sample size was calculated based on the ICC of 1STST repetitions. Anticipating an ICC of 0.9 with a CI width of 0.15 [6] and 50% of assurance probability, the sample size required is 31 [18]. Therefore, we aimed to recruit at least 34 individuals with COPD (accounting for a 10% dropouts’ risk) in each of the predefined subgroups. The recruitment of participants terminated once all subgroups reached this minimum sample size. P values ≤0.05 were considered as statistically significant. 

Out of 161 eligible individuals, 122 agreed to participate in this study (86% male; aged 66.9 (SD, 7.5) years; FEV1% 57.4 (18.5)%; FEV1/ forced vital capacity ratio 0.55 (0.11)). Among these, four participants completed only the tests of visit #1 as they developed a pulmonary exacerbation before visit #2. Demographic and baseline characteristics of participants are detailed in Table S.1 (supplement data). 
[bookmark: OLE_LINK1]Regarding intra-visit test-retest reliability, no learning effects was observed: the 1STST repetitions did not significantly differ between consecutive tests the same day, neither for visit #1 nor visit #2 (Table 1). The 1STST intra-visit reliability expressed by ICC was excellent for both visits (>0.95). In addition, the cardiovascular response and dyspnea associated with the 1STST were similar between tests and showed good to excellent test-retest reliability. Subgroup analyses showed that the reliability of 1STST repetitions and dyspnea remained excellent within the predefined subgroup classifications (Table S.2, Table S.3). Bland-Altman plots revealed an average difference between consecutive 1STST at visit #1 of -0.1 (LoA, -1.5; 1.4) repetitions (Figure 1). At visit #2, the mean difference was -0.0 (LoA, -1.3; 1.2). Twenty-nine participants (24%) desaturated (SpO2 decrease ≥4%) during the first 1STST at visit #1. During the second 1STST at visit #1, 33 participants (27%) desaturated. Twenty-five participants (20%) desaturated at both test occasions, whereas 4 participants (3%) desaturated only during the first 1STST and 8 participants (7%) desaturated only during the second 1STST. Kappa coefficient was 0.741 (p<0.001) which is considered as substantial agreement. 
Regarding inter-visit test-retest reliability, since no difference were observed between consecutive tests the same day, the first 1STST of each visit were compared. There was a significant but non clinically relevant inter-visit difference in 1STST of -0.3 (0.8) repetitions (p<0.001), a change of 3 repetitions corresponding to the minimal clinically important difference [10, 19]. The reliability of 1STST between visits as expressed by ICC was 0.93 (95%CI 0.90; 0.95). Subgroup analyses showed that the inter-visit reliability of 1STST repetitions was good (lower bound of 95%CI ≥0.86) within the predefined subgroup classifications (Table S.4). Bland-Altman plots revealed an average difference of 1STST between visits #1 and #2 of -0.3 (LoA -1.9; 1.4) repetitions (Figure 1). Twenty-seven out of 118 participants (23%) desaturated during the first 1STST at visit #1. During the 1STST at visit #2, 33 participants (28%) desaturated. Twenty participants (17%) desaturated at both test occasions, whereas 7 participants (6%) desaturated only during the 1STST at visit #1 and 13 participants (11%) desaturated only during the 1STST at visit #2. Kappa coefficient was 0.555 (p<0.001) which is considered as moderate agreement.
The first 1STST at visit #1 was used to compare its outcomes across the predefined subgroups. We demonstrated that the 1STST performance and related cardio-respiratory responses are influenced by the severity of the disease, either expressed in terms of airflow obstruction or in terms of symptoms: the 1STST performance was significantly higher and the related cardiorespiratory response was significantly lower in participants GOLD_1&2 compared to GOLD_3&4. Similar observations are made when comparing participants GOLD_A&C with GOLD_B&D (Table 2). Oxygen desaturation was almost exclusively observed in COPD participants GOLD_3&4 and GOLD_B&D (Table 2). 

In conclusion, the 1STST is a measure of functional exercise performance that showed excellent intra- and inter-visit reliability in individuals with COPD. Furthermore, we demonstrated that the reliability of the 1STST was consistent regardless the disease severity as expressed by airflow obstruction or symptoms. We also reported good to excellent reliability of cardio-respiratory parameters measured during the 1STST, which has not been reported in prior studies involving COPD individuals. Therefore, in individuals with COPD, there is no need to repeat the 1STST, in contrast to the 6MWT where the effect of learning is large enough to be clinically important [2]. This advantage of time adds up to the little space that is required to perform the 1STST, thereby supporting the use of 1STST in primary care settings to assess the functional exercise capacity and to evaluate response to treatment or change over time. Nevertheless, we suggest that the 6MWT should remain the preferred field test to detect exercise-induced desaturation in COPD since the latter test is more sensitive than the 1STST to detect this parameter [6, 10, 13, 20] and because the agreement of exercise-induced desaturation was moderate when the 1STST was repeated one month later. Finally, this study demonstrated that the 1STST performance and related cardio-respiratory responses are influenced by the severity of the disease, thereby confirming the ability of the 1STST to accurately describe the general condition of people with COPD. Altogether, our findings support and extend the existing evidence that the 1STST is a useful measurement for assessing functional exercise capacity in individuals with COPD.
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[bookmark: _Hlk141166455]Figure 1. Agreement of 1-min sit-to-stand (1STST) test performance. Left panel: Bland-Altman plot of the number of repetitions performed during two consecutive 1STST performed the same day (intra-visit reliability) involving 122 participants with chronic obstructive pulmonary disease (COPD). Right panel: Bland-Altman plot of the number of repetitions performed during two 1STST performed on separate days with a one-month interval (inter-visit reliability) involving 118 participants with COPD. The middle line (dashed) represents the mean difference and the upper and lower lines (dotted) the upper and lower limits of agreement (mean difference ± 1.96 x SD), respectively.
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