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Abstract 

Data from the INMARK trial were used to investigate the feasibility and validity of home 

spirometry as a measure of lung function decline in patients with idiopathic pulmonary 

fibrosis (IPF).  

Subjects with IPF and preserved forced vital capacity (FVC) were randomised to 

receive nintedanib or placebo for 12 weeks followed by open-label nintedanib for 40 weeks. 

Clinic spirometry was conducted at baseline and weeks 4, 8, 12, 16, 20, 24, 36 and 52. 

Subjects were asked to perform home spirometry at least once a week and ideally daily. 

Correlations between home- and clinic-measured FVC and rates of change in FVC were 

assessed using Pearson correlation coefficients. 

In total, 346 subjects were treated. Mean adherence to weekly home spirometry 

decreased over time but remained above 75% in every 4-week period. Over 52 weeks, 

mean adherence was 86%. Variability in change from baseline in FVC was greater when 

measured by home rather than clinic spirometry. Strong correlations were observed between 

home- and clinic-measured FVC at all time-points (r=0.72 to 0.84), but correlations between 

home- and clinic-measured rates of change in FVC were weak (r=0.26 for rate of decline in 

FVC over 52 weeks). 

Home spirometry was a feasible and valid measure of lung function in patients with 

IPF and preserved FVC, but estimates of the rate of FVC decline obtained using home 

spirometry were poorly correlated with those based on clinic spirometry.   

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 



Introduction 

Idiopathic pulmonary fibrosis (IPF) is a chronic fibrosing interstitial lung disease (ILD) 

characterised by decline in lung function [1]. Although IPF is always progressive, the rate 

and pattern of forced vital capacity (FVC) decline are variable among individuals [1–3]. Lung 

function has traditionally been measured periodically in a clinic-based setting, supervised by 

trained clinicians, but measurements obtained at home using a hand-held device have been 

shown to correlate well with clinic-based measurements over a 3–12-month period [4–8]. 

Home spirometry may offer advantages over clinic spirometry by increasing convenience for 

patients and providing more frequent measurements of lung function, enabling earlier 

detection of disease progression or acute exacerbations [4,6,9]. More frequent assessment 

of lung function via home spirometry might also provide improved analytical sensitivity, 

reducing the sample size required to power clinical trials [6]. However, in a recent trial 

conducted in subjects with unclassifiable ILD, the pre-specified analysis model could not be 

applied to the home spirometry measurements, in part due to issues with the reliability of the 

measurements [10]. More data are needed on the utility of home spirometry in the 

monitoring of lung function both in clinical trials and clinical practice.  

In the INMARK trial in subjects with IPF and preserved lung function, lung function 

was assessed using both home and clinic spirometry over 52 weeks [11]. We used data from 

the INMARK trial to assess the feasibility and validity of home spirometry as a measure of 

lung function decline in subjects with IPF.  

 

Methods 

Study design and subjects 

The primary objective of the INMARK trial was to investigate the effects of nintedanib on 

circulating biomarkers. The trial design has been described [11]. Briefly, subjects who had 

been diagnosed with IPF in the previous 3 years and had a forced vital capacity (FVC) ≥80% 

predicted were randomised 1:2 to receive nintedanib 150 mg bid or placebo for 12 weeks, 

followed by an open-label period in which all subjects received nintedanib 150 mg bid for 40 

weeks [11]. Home spirometry devices (SpiroPro®) and instructions were given to subjects at 

screening. To be eligible for the trial, subjects were required to perform ≥1 home spirometry 

reading between screening and randomisation (a period of ≤28 days). The last measurement 

taken prior to the first intake of nintedanib or placebo was used as the baseline 

measurement.  

 

Home and clinic spirometry  



Subjects were asked to perform home spirometry (with ≥3 efforts) at least once a week, and 

ideally daily, throughout the trial. The highest value of the ≥3 efforts was recorded as the 

measurement. Subjects were asked to perform home spirometry in the morning, preferably 

between 08:00 and 11:00. An acoustic alarm on the device was activated daily at 09:00 and 

09:30 if the subject had not completed ≥1 effort. For every measurement, the device showed 

the subject their highest value for FVC % predicted (calculated according to [12]) and 

informed them if they had experienced a relative decline in FVC ≥10% predicted from 

baseline; in this instance, subjects were advised to call their doctor. At each visit, subjects 

were re-trained on how to perform home spirometry if their adherence to weekly home 

spirometry since the last visit was <80%, or as deemed necessary by the site. Adherence to 

weekly home spirometry was calculated as the number of weeks that a subject provided ≥1 

measurement divided by the number of weeks that they were followed in the trial. Thus 

100% adherence was defined as provision of ≥1 measurement per week for all the weeks 

that the subject was in the trial.  

Clinic spirometry was conducted at baseline and weeks 4, 8, 12, 16, 20, 24, 36 and 

52. Clinic spirometry was centrally reviewed, and ongoing feedback and training were 

provided to the sites.  

 

Analyses 

Correlations between the following assessments at every time point were assessed using 

Pearson correlation coefficients (r): home and clinic measurements of FVC (mL) and the 

forced expiratory volume in 6 seconds (FEV6) (mL), home and clinic measurements of 

changes from baseline in FVC (mL) and FEV6 (mL), and home and clinic measurements of 

rates of decline in FVC (mL) and FEV6 (mL). In the analysis of correlations, the home 

measurement performed closest to the clinic visit was used (but the home spirometry device 

did not capture a measurement on the same day as a clinic visit).  

The annual rates of decline in FVC and FEV6 were assessed using random 

coefficient piecewise regression with fixed effects for sex, age, height and random effects of 

patient-specific intercept, time and a piecewise knot at week 12. Acute exacerbations, 

defined as in the INPULSIS trials [13], were reported by investigators using a tick box on the 

case report form and were not adjudicated. In subjects who had an investigator-reported 

acute exacerbation, all available home and clinic measurements of FVC (mL) before and 

after the acute exacerbation were plotted. Analyses were conducted using SAS®. Analyses 

were descriptive and exploratory. 

 

  



Results 

A total of 346 subjects were treated in the INMARK trial (116 randomised to nintedanib, 230 

randomised to placebo). At baseline, mean (SD) FVC was 3305 (1060) mL and 99.6 (23.8) 

% predicted based on home spirometry and 3241 (812) mL and 97.5 (13.5) % predicted 

based on clinic spirometry. In total, 83.5% of the subjects who were randomised completed 

52 weeks of treatment.  

 

Annual rate of decline in FVC and FEV6 

In subjects treated with nintedanib for 52 weeks, adjusted mean (SE) home- and clinic-

measured rates of FVC decline were −127.2 (76.3) and −88.8 (23.9) mL/year, respectively, 

and the adjusted mean (SE) home- and clinic-measured rates of FEV6 decline were −112.6 

(69.5) and −90.5 (22.3) mL/year, respectively. In subjects treated with placebo for 12 weeks 

followed by nintedanib for 40 weeks, adjusted mean (SE) home- and clinic-measured rates 

of FVC decline were −111.8 (54.7) and −104.1 (17.0) mL/year, respectively, and the 

adjusted mean (SE) home-and clinic-measured rates of FEV6 decline were −131.8 (49.9) 

and −103.9 (15.9) mL/year, respectively. 

 

 

Adherence to home spirometry  

Over 52 weeks, the mean (SD) number of home spirometry measurements per subject was 

165 (115) (Table 1). The mean (SD) number of measurements per subject per week was 3.4 

(2.6) and the median was 3.0. The mean number of measurements per subject per week 

decreased over the trial but remained above 2.5 in every 4-week period (Figure 1).  

Over 52 weeks, mean and median adherence to weekly home spirometry were 86% 

and 96%. Mean adherence to weekly home spirometry decreased over the trial but remained 

above 75% in every 4-week period (Figure 2a). The proportion of subjects with 100% 

adherence decreased over the trial but remained above 50% in every 4-week period 

(Figures 2b and S1). Over 52 weeks, 31% of subjects had 100% adherence to weekly home 

spirometry.  

Subjects who had 100% adherence to weekly home spirometry (n=108) had slightly 

higher mean FVC and DLco at baseline than subjects who had <100% adherence (n=238) 

(Table S1). Permanent discontinuation of trial medication was less common among subjects 

with 100% versus <100% adherence to weekly home spirometry (4.6% versus 21.8%).  

 

  



Timing of home spirometry measurements 

Over 52 weeks, 45.7% of subjects provided only one measurement on any day on which 

they provided a measurement. Most subjects took some of their measurements in the 

morning (defined as between 05:00 and 12:00) and some in the afternoon/evening (defined 

as between 12:00 and 05:00) (Figure S2 and S3). Mean (SD) FVC at baseline was similar 

between measurements taken in the morning and the afternoon/evening (3379 [1062] mL 

and 3344 [1277] mL, respectively). Mean FVC over time was variable, with greater variability 

in the measurements taken in the afternoon/evening than in the morning (Figure S4). 

 

Correlations between FVC and FEV6 measured using home and clinic spirometry 

Correlations between FVC and FEV6, and changes in FVC and FEV6, measured using home 

and clinic spirometry are presented in Figures 3a–c. Strong correlations were observed 

between home and clinic measurements of FVC (r=0.72 to 0.84), home and clinic 

measurements of FEV6 (r=0.71 to 0.85), and clinic measurements of FVC and home 

measurements of FEV6 (r=0.71 to 0.84) at all individual time points (Figure 3a). Correlations 

between home and clinic measurements of FVC were weaker in subjects who provided >3 

versus ≤3 home spirometry measurements per week (r=0.63 to 0.75 versus r= 0.78 to 0.94).  

The variability in change from baseline in FVC was greater when measured using 

home spirometry than clinic spirometry (Figure 4). Correlations between home- and clinic-

measured changes from baseline in FVC were weak but increased over 52 weeks (r=–0.01 

at week 4 and r=0.25 at week 52). Similar correlations were observed for FEV6 (r=–0.01 at 

week 4 and r=0.27 at week 52) (Figure 3b).  

Correlations between home- and clinic-measured rates of change in FVC were weak 

but increased over 52 weeks (r=0.00 and r=0.26 for rates of decline in FVC over 4 and 52 

weeks). Similar correlations were observed for rates of change in FEV6 (r=–0.05 and r=0.29 

over 4 and 52 weeks) (Figure 3c). 

 

Home and clinic spirometry in subjects who had an acute exacerbation 

One subject in the nintedanib group had an acute exacerbation during the double-blind 

period and seven subjects who initially received placebo had an acute exacerbation during 

the nintedanib open-label period. Home and clinic measurements of FVC before and after 

these acute exacerbations are presented in Figure S5. 

 

Discussion  

In the INMARK trial conducted in subjects with IPF and preserved lung function, adherence 

to weekly home spirometry over 52 weeks was over 75% in every 4-week period, but 



decreased over time. Over 52 weeks, 31% of subjects adhered to the request to provide at 

least one measurement per week for all the weeks they were in the trial. A proportion of 

subjects provided more measurements than the minimum requested, with an average of 

three measurements per subject per week. These findings are consistent with previous 

studies in patients with ILDs that have demonstrated high adherence to daily or weekly 

home spirometry, but with high variability among individuals and a reduction in the number of 

measurements provided over time [6,8,14]. Previous work suggests that patients with IPF 

find home spirometers easy to use and not burdensome, and that patients like to see their 

FVC results to feel more in control of their disease [6,15,16]. A study of 30 subjects found 

that only four were unable to use the home spirometry device [6].  

Within-subject variability in FVC measurements taken day-to-day or week-to-week 

has been observed in healthy individuals [17] as well as in subjects with IPF [4,6]. The 

literature is inconsistent with respect to diurnal variations in FVC; several studies have found 

FVC to be generally higher in the morning than in the afternoon [18–20], but this has not 

been observed in all studies [21]. In the INMARK trial, subjects were asked to perform 

spirometry in the morning, but fewer than a third of subjects adhered to this request. The 

mean of FVC measurements taken in the morning was almost the same as the mean of 

measurements taken in the afternoon/evening, but, consistent with a previous study [20], 

variability appeared to be greater in measurements taken in the afternoon/evening than in 

the morning.  

Consistent with previous studies [4,6–8,15,16], we found that home and clinic 

measurements of FVC at individual visits were strongly correlated. However, there was only 

a weak correlation between home- and clinic-based measurements of changes in FVC. This 

appeared to be largely due to variability in changes in FVC measured using home 

spirometry, which was much greater than the variability observed using clinic spirometry. 

Errors in measurements taken at different time points accumulate, such that measurement 

error has a greater impact on assessments of changes in FVC over time, which are based 

on several measurements, than on measurements taken at single time points. While it may 

be hypothesised that more frequent home spirometry (i.e., more data points) might provide a 

more accurate estimate of lung function, in our study, correlations between home and clinic 

measurements of FVC were weaker in subjects who provided more spirometry 

measurements per week, likely due to a greater number of outliers. This was observed 

despite the home spirometry device selecting the highest of three readings for every 

measurement. Improving the accuracy of home-based spirometry might overcome this 

problem. To date, no head-to-head comparisons of different spirometers have been 

undertaken to assess whether particular devices are easier to use correctly and associated 

with lower measurement error. The correlations between home- and clinic-measured FVC at 



baseline and at week 52 were the same, suggesting that there was no increase in the 

reliability of home spirometry during the trial.  It has been proposed that the abbreviated 

FEV6 manoeuvre may be easier for patients to perform than measurement of FVC and so 

improve reproducibility among unsupervised subjects [22]. However, in our analyses, the 

correlations between home and clinic measurements of FVC were almost the same as the 

correlations between home and clinic measurements of FEV6. 

It has been postulated that more frequent measurement of FVC at home might 

enable earlier detection of an acute exacerbation. In a pilot study performed in 10 subjects, a 

decline in FVC based on daily home spirometry was observed 2 days before symptoms of a 

respiratory tract infection [15]. We were unable to perform a robust investigation into whether 

acute exacerbations could be detected earlier using more frequent home spirometry using 

our data given the small number of acute exacerbations reported in this population with very 

well preserved FVC at baseline and the low frequency of home spirometry measurements 

around the time of acute exacerbations.  

Although not observed in the INMARK trial, technical issues with home spirometry 

devices and analytical issues arising from missing data have affected the analysis of home 

spirometry data from clinical studies in patients with ILDs [23], including trials of potential 

new therapies [10, 24]. More data are needed to inform strategies to ensure the quality of 

readings and reduce the variability of measurements obtained using home spirometry by 

better educating and motivating patients on the use of spirometry devices. It might be 

possible to reduce the amount of missing data and the variability of home spirometry 

measurements via local support from nurses or other healthcare professionals, or via closer 

or more regular examination of data so that any issues can be addressed promptly with the 

patient. A recent 24-week study in 90 patients with IPF that investigated the utility of a home 

monitoring programme integrating daily home spirometry, patient-reported outcomes, 

adverse event reporting, an information library and electronic consultations, found home 

spirometry to be a reliable and accurate way of monitoring FVC [16]. Median adherence to 

daily home spirometry over 24 weeks was high (97%) and correlations between home- and 

hospital-based measurements of FVC were strong at all time points. Unlike in the INMARK 

trial, in this study, correlation between the rates of change in home- and hospital-based 

measurements of FVC was moderately strong (r=0.58) [16]. 

Strengths of our analyses include the prospective multi-centre design and the high 

frequency and volume of clinic and home spirometry measurements collected. Our findings 

also have limitations, including selection bias in the subjects who participated in the study, all 

of whom had preserved lung function at baseline, had shown a degree of adherence to 

home spirometry before entering the study, and had chosen to enter a study that required 

home spirometry. We were unable to investigate whether comorbid asthma or COPD had an 



impact on spirometry as so few patients in our study had these comorbidities. Our study did 

not collect data on subjects’ opinions (positive or negative) of home spirometry or on the 

reasons behind adherence/non-adherence to home spirometry.    

In conclusion, in patients with IPF and preserved lung function, adherence to weekly 

home spirometry decreased over 52 weeks but remained high. Strong correlations were 

observed between FVC measurements obtained at home and in clinic at individual time-

points, but correlations between changes in FVC measurements over time estimated using 

home and clinic spirometry were weak, mainly due to variability in the measurements 

obtained using home spirometry. At a group level, the rate of decline in FVC over 52 weeks 

was similar when measured using home or clinic spirometry. More data are needed on the 

utility of home spirometry as a means of measuring disease progression in patients with IPF 

in clinical trials and clinical practice.  

A video abstract describing the key data presented in this manuscript is available at:  

https://www.globalmedcomms.com/respiratory/noth/homespirometry  
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Table 

Table 1. Number of home spirometry measurements per subject over 52 weeks 

 Nintedanib 

(n=116) 

Placebo/nintedanib* 

(n=230) 

All subjects 

(n=346) 

Mean (SD) 157 (106) 170 (119) 165 (115) 

Minimum  3 3 3 

Median 125 136 132 

Maximum  362 633 633 

*Subjects received placebo (blinded) for 12 weeks followed by open-label nintedanib for 40 weeks.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 1. Mean number of home spirometry measurements per subject per week

Figure 2. a) Mean adherence to weekly home spirometry and b) the proportion of subjects 

with 100% adherence to weekly home spirometry 

a)



b)

Figure 3. “Heat maps” depicting correlations between a) lung function variables measured at 

home and in clinic at different time points, b) changes from baseline in lung function 

variables measured at home and in clinic at different time points, and c) rates of decline in 

lung function variables measured at home and in clinic at different time points



a)

b)

c)



Figure 4. Changes from baseline in FVC based on a) home spirometry and b) clinic 

spirometry

a)

b)





Supplementary appendix 

Table S1. Baseline characteristics of subjects with 100% and <100% adherence to weekly 

home spirometry  

 

 100% adherence to 

weekly home 

spirometry (n=108) 

<100% adherence 

to weekly home 

spirometry (n=238) 

Age, years, mean (SD) 69.9 (7.3) 70.5 (7.4) 

Male, n (%) 84 (77.8) 178 (74.8) 

Race, n (%)   

White 59 (54.6) 155 (65.1) 

Asian 35 (32.4) 68 (28.6) 

Missing 14 (13.0) 15 (6.3) 

Weight, kg, mean (SD) 79.2 (17.0) 76.9 (15.4) 

Body mass index, kg/m2, mean (SD) 27.8 (4.5) 27.2 (4.1) 

Former or current smoker, n (%) 81 (75.0) 171 (71.8) 

FVC, mL, mean (SD) 3333 (785) 3200 (822) 

FVC, % predicted, mean (SD) 99.2 (15.0) 96.8 (12.8) 

DLco*, % predicted, mean (SD) 69.8 (21.2) 61.3 (18.6) 

100% adherence was defined as the provision of ≥1 measurement per week for all the weeks the subject was in 

the trial. *Corrected for haemoglobin.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



Figure S1. Proportion of subjects with 100% adherence to home spirometry by treatment 

group 

 

 

  



Figure S2. Timing of home spirometry among subjects who provided only one measurement 

in a given day  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S3. Timing of home spirometry among subjects who provided multiple measurements 

on at least 1 day 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S4. FVC (mL) based on home spirometry measured in the morning and the 

afternoon/evening  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S5. Clinic- and home-measured FVC (mL) over time in subjects initially randomised to nintedanib (a) or placebo (b–g) who had an acute 

exacerbation 

 

a)      Clinic spirometry            Home spirometry 

  
 
b)  

Clinic spirometry            Home spirometry  

  
 



c)  
Clinic spirometry            Home spirometry  

 

  

 
 
d)  

Clinic spirometry            Home spirometry  

  
 



e)  
Clinic spirometry            Home spirometry  

   
 
f) 

Clinic spirometry            Home spirometry  

  
 
 
 



g)  
Clinic spirometry            Home spirometry  

  
 
h)  

Clinic spirometry            Home spirometry  

 




