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A B S T R A C T   

Background: The 1-min sit-to-stand test (1STST) is a practical tool to evaluate physical capacity. 
The aim of this study was to assess the impact of tezacaftor and ivacaftor on functional exercise 
capacity, muscle strength and symptoms in people with cystic fibrosis (PwCF). 
Methods: The assessments were performed during the first year of tezacaftor and ivacaftor using 
the 1STST, 6-min walk test (6MWT), MicroFET2 dynamometer®, CF Questionnaire-Revised (CFQ- 
R), Leicester Cough Questionnaire (LCQ). Forced expiratory volume in 1 s (FEV1), body mass 
index (BMI), pancreatic sufficiency status, genotype and microbiologic data were also collected. 
Results: Fifty-four PwCF participated to the study and took at least one dose of tezacaftor- 
ivacaftor. Mean age was 26y±10 (±SD), median BMI 20.9 kg/m2 (interquartile range) (19.4; 
23.5) and mean FEV1 82 percent of predicted values (%PV) ± 21. Significant correlations were 
found at baseline between the 1STST and the 6MWT (r = 0.617, p < 0.0001), the quadriceps 
strength (r = 0.6556, p < 0.0001) and the FEV1 (r = 0.29, p = 0.03). After one year of treatment, 
the 1STST increased significantly in terms of number of repetitions (n) (median 50 versus 58.5, p 
< 0.0001), %PV (101.1 versus 115.2%PV, p = 0.0003) and n times weight in kg (2885 versus 
3389nxkg, p < 0.0001). The 6MWT distance and quadriceps strength were not modified after 
treatment but during the 6MWT, oxygen desaturation decreased significantly. FEV1, BMI, CFQ-R, 
LCQ improved as previously demonstrated. 
Conclusion: After one year of tezacaftor and ivacaftor, the 1STST improves, suggesting that the 
1STST seems more responsive than the 6MWT and the MicroFET2 dynamometer® to assess the 
effects of CFTR modulators.   

1. Introduction 

Cystic fibrosis (CF) is an autosomal recessive, multisystemic disease caused by defects in the cystic fibrosis transmembrane 
conductance regulator (CFTR) protein. Although the prognosis is mainly linked to the respiratory status, due to chronic bronchial and 
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lung infections along with excessive inflammation and local immune dysfunction [1], skeletal muscle weakness is also one of the best 
markers of prognosis and survival in CF [2]. In addition, it is also associated with reduced aerobic capacity and impaired quality of life 
[3]. 

Previously, Troosters et al. found that quadriceps force was reduced in 56% of people with CF (PwCF) and that it correlated to the 6- 
min walk distance [4]. The 1-min sit-to-stand test (1STST), which is easier to perform in clinical practice, is a valuable tool to assess 
muscle strength and functional exercise capacity and was previously considered as a valid alternative to the 6-min walk test (6MWT) 
[5]. Muscular weakness in CF was also confirmed using the 1STST and it was furtherly correlated to quadriceps force [6], to the 
maximal oxygen consumption (VO2) during cardiopulmonary exercise testing (CPET) [7,8] and recently to the 6MWT distance in 
children with CF [9]. 

With the emergence of CFTR modulators, the perspectives related to the muscles change. These modulators enhance or even restore 
the function of the CFTR protein which is expressed in bronchial smooth muscle [10], in cardiac muscle [11] and in skeletal muscle 
[12]. One case report on 2 patients taking ivacaftor showed conflicting results on CPET [13] and one randomized placebo-controlled 
trial showed no effect on peak VO2 after 28 days of ivacaftor in G551D mutated patients even if the duration of exercise was enhanced 
[14]. In a case series, after 6 months of tezacaftor and ivacaftor, all 8 patients showed an improvement of peak VO2 [15]. The same 
results were shown recently in a study following 3 patients after 6 weeks of elexacaftor, tezacaftor and ivacaftor [16]. 

Given these observations, our hypothesis was that CFTR modulators can improve the physical capacity of PwCF. Thus, the primary 
aim of this study was to measure the impact of tezacaftor and ivacaftor on functional exercise capacity by measuring the 1STST, and the 
6MWT, as well as the quadriceps muscle strength using a dynamometer during one year of treatment. The secondary aims were to 
assess the impact of CFTR modulators on the quality of life (through the revised CF Questionnaire (CFQ-R)) and cough (Leicester Cough 
Questionnaire (LCQ)), as well as the correlations between the functional exercise capacity and clinical parameters. 

2. Methods 

2.1. Study population 

The PwCF were prospectively recruited in the CF Reference Centre of the Cliniques universitaires Saint-Luc between April 2021 and 
January 2022. The study was approved by the local ethic committee (2021/21JUI/282) and registered (B4032021000078). We 
respected the Helsinki declaration and good clinical practice. All participants signed a written informed consent. The study followed 
the STROBE guidelines. 

Inclusion criteria consisted of a confirmed diagnosis of CF (following Farrell definition [17]) and an eligibility to tezacaftor and 
ivacaftor in Belgium. Exclusion criteria consisted of pregnancy, disturbed musculoskeletal conditions (interfering with the evaluation 
of the muscle strength and/or motility), or a medical history of lung transplant. Age, body mass index (BMI), microbiology, forced 
expiratory volume in 1 s (FEV1), genotype and pancreatic sufficiency status of participants were collected. 

2.2. Outcomes 

To assess the functional exercise capacity and the muscular strength, the 1STST, the 6MWT, and the MicroFET2 dynamometer® 
(Hoggan, Salt Lake City, USA) were used. Measurements were made during a routine visit before the starting of the CFTR modulator 
treatment as well as after 1, 4, 7 and 12 months of therapy. 

2.2.1. 1STST 
The 1STST was performed using a chair of 46 cm in height, without armrests, following a recent standard procedure [18]. Briefly, 

the operator demonstrated it and all participants performed a training test to reduce the learning effect. Patients were required to fully 
stand up with straight legs and then sit down with the buttocks on the chair, the knees at 90◦ flexion, with arms crossed on chest, as 
many times as possible during 1 min. The encouragements were standardised and when necessary, a stop time was authorised. The 
results of the 1STST were expressed in number of repetitions per minute, percent of predicted values (%PV) using reference values from 
Haile et al. and Strassman et al. [19,20] as well as in the number of repetitions as the product of the bodyweight (nxkg). In addition, 
heart rate, pulsed oxygen saturation, dyspnea (visual analog scale (VAS) scored from 0 to 10) and muscular fatigue (VAS) were 
recorded before and after the test. At 2 min rest, heart rate and pulsed oxygen saturation were collected again to evaluate recovery. 

2.2.2. 6MWT 
The 6MWT was realised following the ATS statements [21]. Briefly, the patient was asked to walk the longest distance possible back 

and forth in a 30 m hallway during 6 min. Heart rate, pulsed oxygen saturation, dyspnea VAS scored from 0 to 10) and muscular fatigue 
(VAS) were recorded before and after the test. At 2 min rest, heart rate and pulsed oxygen saturation were collected again to evaluate 
recovery. The results were then expressed as absolute and relative values [22]. 

2.2.3. Maximal voluntary contraction of the quadriceps (MVCQ) 
The MVCQ of both legs were measured with the MicroFET2 dynamometer® stabilised with a hand-belt, during at least 3 

consecutive efforts with less than 10% of variability [23,24]. Standardised encouragements were given. The MVCQ was expressed in 
Newton-meter (N-m) by means of the lever arm measurement and in %PV [25]. 
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2.2.4. Symptoms 
Quality of life and cough were assessed using the CF Questionnaire-Revised (CFQ-R) and the Leicester Cough Questionnaire (LCQ), 

respectively. 

2.3. Statistical analysis 

The sample size was determined assuming 5 repetitions to be clinically relevant [7] and a drop off of 10%. The study required a 
sample size of 48 pairs to achieve a power of 80% and a level of significance of 5% (two sided), to detect a mean of the differences of 5 
between pairs, assuming the standard deviation of the differences to be 12. The Gaussian distribution of the data was evaluated with 
Kolmogorov and Shapiro-Wilk tests. Descriptive statistics were shown by means and standard deviation (SD) for parametric data or 
medians and interquartile range (IQR) for non-parametric data. Missing values are specified in each figure. A Wilcoxon test was 
performed for the comparison between 2 groups of paired non-parametric data, and a paired student t-test for the comparison of 2 
groups of paired parametric data (minimum n = 20). Mixed-effects models were used for multiple comparisons. Correlation co-
efficients were determined by Pearson test if parametric and by Spearman test if non-parametric. A p value less than 0.05 was 
considered as statistically significant. Statistical analyses were performed using IBM SPSS Statistics (version 27 for Windows, Chicago, 
USA) and figures were made using GraphPad Prism (version 9.00 for Windows; GraphPad Software, San Diego, USA; www.graphpad. 
com). 

3. Results 

3.1. Study population at baseline 

We recruited 54 stable patients with CF at a routine visit. All patients took at least one dose of the medication and only one patient 
stopped the treatment during the study due to headaches and one other shifted to elexacaftor-tezacaftor-ivacaftor. Full characteristics 
of the patients are summarised in Table 1. 

Most of the 54 patients were adults (78%), F508del homozygous (91%) and pancreatic insufficient (93%). Nineteen were infected 
by Pseudomonas aeruginosa. The mean FEV1 was 82%PV and the median BMI was 20.9 kg/m2. Mean 1STST results were not reduced at 
baseline in this cohort while the median MVCQ was strongly decreased compared to the general population. The 6MWT distance was 
below the lower limit of the norm in 13 patients. We confirmed a correlation between the 1STST and the FEV1 (Fig. 1A), the 6MWT 
distance (Fig. 1B), MVCQ (Fig. 1C) and CFQ-R (r = 0.4059, p = 0.004). At baseline, the 6MWT distance in meter and %PV was 
correlated with CFQ-R (r = 0.404, p = 0.006 and r = 0.41, p = 0.005 respectively). No correlations between MVCQ and clinical 
parameters were found. 

3.2. Increased 1STST results after one year of tezacaftor and ivacaftor 

We observed a significant increase of the number of repetitions during 1STST: 50 (43–57) (median (IQR)) before versus 58.5 
(45.5–67) (p < 0.0001) after treatment (Fig. 2A), as well as 101.1%PV (±27.6) (mean ± SD) versus 115.2%PV (±30.5) (p = 0.0003) 

Table 1 
Characteristics of study population at baseline.  

Subjects, n 54 

Sex (F/M) 24/30 
Age, yrs 26 ± 10 
Children (<18 yrs)/Adults 12/42 
F508del/F508del (yes/no) 49/5 
Pancreatic sufficiency (yes/no) 4/50 
Pseudomonas aeruginosa infection (yes/no) 19/35 
Days of intravenous antibiotics the year before tezacaftor/ivacaftor 15 (0–36.25) 
Smokers (yes/no) 0/54 
BMI, kg/m2 20.9 (19.4; 23.5) 
FEV1, %PV 82 ± 21 
1STST, n 49.2 ± 12.9 
1STST, %PV 101.1 ± 27.6 
1STST, nxkg 2885 ± 916.1 
6MWT distance, m 620.7 ± 59.4 
6MWT %PV 87.02 (79.37; 94.49) 
MVCQ, N-m 67.16 ± 21.11 
MVCQ, %PV 48.43 (38.41; 54.65) 

Data are mean ± SD if parametric or median (interquartile ranges) if non-parametric (Kolmogorov and Shapiro- 
Wilk tests). Definition of abbreviations: n, number; F, female; M, male; yrs, years; BMI, body mass index; kg/m2, 
kilogram divided by the square meter; FEV1, forced expiratory volume in 1 s; PV, predicted values; 1STST, the 1- 
min sit-to-stand test; nxkg, number of repetitions as a product of bodyweight expressed in kilogram; 6MWT, 6-min 
walk test; m, meter; MVCQ, maximal isometric voluntary contraction of the quadriceps; N-m, Newton-meter. 
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(Figs. 2B) and 2885nxkg (±916.1) versus 3389nxkg (±1058) (p < 0.0001) (Fig. 2C). The mean absolute increase of repetition was 7.26 
and 32 patients improved their score by 5 or more repetitions, resulting in clinical relevance. After 1 and 4 months, we observed a 
slight increase (although not significant at 4 months) while at 7 months the observed increase in repetitions became significant 
(Fig. 3A). 

This improved physical condition was not seen with the 6MWT distance (620.7 m–87.4%PV versus 614.1 m–87.3%PV; mean 
absolute difference − 4.04 m, p = 0.632 and p = 0.736) or the MCVQ (67.16N-m – 48.33%PV versus 67.95N-m – 47.78%PV, p = 0.496 
and p = 0.806) at 12 months nor at the other time points. Even though the walked distance did not increase, the 28 patients showing an 
oxygen desaturation at the end of the 6MWT at baseline, presented less desaturation after 12 months of treatment (Fig. 2D). At 12 
months, we still found a significant correlation between 1STST and the FEV1 (Fig. S1A), the 6MWT distance (Fig. S1B), the MVCQ 
(Fig. S1C) and the CFQ-R (r = 0.3301, p = 0.02). 

Fig. 1. Correlations at baseline between 1STST and lung function n = 51, Spearman correlation and simple linear regression (A), 6MWT distance n 
= 49, Pearson correlation and simple linear regression (B) and MVCQ n = 49, Pearson correlation and simple linear regression (C). FEV1, forced 
expiratory volume in 1 s; PV, predicted values; 1STST, the 1-min sit-to-stand test; nxkg, number of repetitions as a product of bodyweight expressed 
in kilogram; 6MWT, 6-min walk test; m, meter; MVCQ, maximal isometric voluntary contraction of the quadriceps; N-m, Newton-meter. 

Fig. 2. 1STST before and after 12 months of tezacaftor and ivacaftor expressed in number of repetitions n = 51 and 46, Wilcoxon test (A), % 
predicted values n = 48 and 42, paired t-test (B) and nxkg n = 51 and 46, paired t-test (C). 6MWT oxygen desaturation in people with CF having 
oxygen desaturation during the test n = 28 and 28, Wilcoxon test (D). 1STST, 1-min sit-to-stand test; nxkg, number of repetitions as a product of 
bodyweight expressed in kilogram; 6MWT, 6-min walk test. 
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3.3. Increased FEV1, BMI, CFQ-R and LCQ scores after one year of tezacaftor and ivacaftor 

In real conditions, tezacaftor and ivacaftor improved clinical conditions of the PwCF slightly. Thirty-three patients improved their 
FEV1 after treatment. Mean FEV1 increased significantly from 82.1 to 85.2%PV (p = 0.0015) (Fig. 4A), mean BMI from 21.6 to 21.9 
kg/m2 (p = 0.006) (Fig. 4B), mean CFQ-R from 135.4 to 138.5 points (p = 0.0049) (Fig. 4C) and mean LCQ from 105.5 versus 111 
points (p = 0.0002) (Fig. 4D) at 12 months. The positive effect on lung function was more rapid, already significant at 1 month, while 

Fig. 3. Evolution of 1STST expressed in number of repetitions n = 51, n = 51, n = 47, n = 40, n = 46 (A), FEV1 n = 54, n = 53, n = 50, n = 45 and 
n = 50 (B) and BMI n = 54, n = 53, n = 51, n = 46 and n = 50 (B) after 1, 4, 7 and 12 months of treatment. 1STST, the 1-min sit-to-stand test; FEV1, 
forced expiratory volume in 1 s; PV, predicted values; BMI, body mass index; kg/m2, kilogram divided by the square meter. Mixed-effects model, 
**p < 0.01, ***p < 0.001, ****p < 0.0001 compared to baseline. 

Fig. 4. Effects of one year of tezacaftor and ivacaftor on FEV1 n = 54 and n = 50 (A), BMI n = 54 and n = 50 (B), CFQ-R n = 49 and n = 47 (C), LCQ 
n = 52 and n = 49 (D), intravenous antibiotherapy days the year before and after tezacaftor and ivacaftor n = 54 and n = 54 (E). FEV1, forced 
expiratory volume in 1 s; PV, predicted values; BMI, body mass index; kg/m2, kilogram divided by the square meter; CFQ-R, cystic fibrosis 
questionnaire-revised; LCQ, Leicester cough questionnaire; IV, intravenous. Wilcoxon test. 
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the effect was slower to become apparent on the BMI (Fig. 3B and C). The mean number of days of intravenous antibiotics significantly 
decreases after treatment from 18.4 to 9.7 days (p = 0.019) (Fig. 4E). Pseudomonas aeruginosa infection rate was not modified after 
treatment. No correlations between the changes in clinical data (FEV1/weight/BMI/CFQ-R/LCQ scores/days of intravenous antibi-
otics) versus the changes of exercise capacity (6MWT distance in meter or %PV/MVCQ in N-m and %PV/1STST in number of repe-
titions, %PV and nxkg) were highlighted. 

4. Discussion 

In our study, after one year of treatment with tezacaftor and ivacaftor, we observed an improvement of the performance in the 
1STST but not in the 6MWT nor the MVCQ in a cohort of 54 PwCF. Nevertheless, less oxygen desaturation occurred during the 6MWT. 
Our cohort displayed at baseline a usual level of exercise capacity measured by 1STST and 6MWT compared to previous studies in 
PwCF [6,8,26]. In contrast, our cohort presented a very low MVCQ compared to the general population and to other CF studies [4]. The 
latest guidelines stated that the 1STST is a good tool to use to follow the effects of a treatment [18] and indeed, an improvement has 
been shown after intravenous antibiotics course [6]. Furthermore, as expected, the FEV1, BMI and the quality of life improved and we 
also showed that cough decreased, evaluated by LCQ after treatment. The increase of repetitions in the 1STST and the increase of the 
BMI were shown after a few months while the improvement of lung function occurred more rapidly as also observed in phase 3 studies 
[27,28]. In healthy adults, it is expected that the number of repetitions during the 1STST decreases with age, and that it is lower in 
women [20], while in children, it remains stable until 13 years old after which it decreases [19]. In PwCF not taking CFTR modulators, 
functional exercise capacity measured by 1STST and 6MWT is lower than the general population [6] and decreases with time and 
advanced disease [29]. 

Data on the effects of CFTR modulation on functional exercise capacity are scarce and conflicting. Ivacaftor was the first modulator 
to be available and one case-report on 2 patients showed conflicting results concerning peak VO2 after 12 weeks of treatment [13]. In a 
prospective study involving 20 PwCF, 4 weeks of ivacaftor increased exercise time but did not improve peak VO2 [14]. More recently, 
Salvatore et al. published the long-term effects of this treatment (12 months) and showed a mean absolute increase of 55.7 m in the 
walked distance during the 6MWT [30]. Concerning lumacaftor and ivacaftor, a small study conducted on 7 patients did not observe a 
change in endurance time after one month [31], while two other studies demonstrated an improved walked distance after 3 months on 
11 PwCF (+75 m) [32] and after 12 months on 10 patients (+118 m) [33]. Concerning peak VO2 following 6 months of lumacaftor and 
ivacaftor, one case series (3 patients) did not notice a clear improvement [34]. Data are more infrequent on the association of teza-
caftor and ivacaftor. One poster described a positive effect of 6–8 months of tezacaftor and ivacaftor based on peak VO2 in 8 patients 
[15]. 

Knowing this, we decided to evaluate the effect during one year of CFTR modulators as short-term effects were not conclusive. To 
do this, we used classical exercise tests (6MWT and MVCQ) as well as the promising and practical 1STST. We previously used it to 
evaluate the impact of intravenous antibiotics and it correlated, like in this study, with lung function and quadriceps strength. It was 
also more sensitive than the MVCQ to show the improvement in exercise capacity after intravenous antibiotics [6]. The 1STST seems 
more responsive, accurate and sensitive to exercise capacity changes as in our cohort, we did not find any differences in the walked 
distance nor in the quadriceps strength. The 1STST is reliable in PwCF and induced fewer cardio-respiratory responses than the 6MWT 
[35]. Both tests probably measure different components of functional exercise capacity and the 1STST could thus be a good alternative 
to 6MWT in CF as recently suggested by the ECFS exercise working group [9,18]. 

As limitations, our cohort of people with CF was not compared to a prospective control arm but rather to reference values of the 
general population. Some learning effects has also been previously described with exercise tests [26], but to reduce these, all our 
patients performed a training test beforehand [18]. 

Looking at the future, the highly efficient CFTR modulators (elexacaftor, tezacaftor and ivacaftor) are treatments with hopeful 
outcomes. First studies showed consistent results in terms of 6MWT after 3 months (9 patients) [36] and 12 months (9 patients) [37] or 
in terms of CPET after 6 weeks (3 patients) [16]. Regarding rare mutations, three PwCF with complex allele enhanced their 6MWT 
distance after 4 weeks of CFTR modulators [38]. 

In conclusion, this is the largest study to date available on exercise capacity assessing the long-term effects of tezacaftor and 
ivacaftor in PwCF and the 1STST seems to be the most responsive and easier-to-use tool to assess exercise in routine clinical follow-up. 
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