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Abstract
Background Acute exacerbations (AEs) and disease progression in interstitial lung disease (ILD) pose
important challenges to clinicians and patients. AEs of ILD are variable in presentation but may result in
rapid progression of ILD, respiratory failure and death. However, in many cases AEs of ILD may go
unrecognised so that their true impact and response to therapy is unknown. The potential for home
monitoring to facilitate early, and accurate, identification of AE and/or ILD progression has gained interest.
With increasing evidence available, there is a need for a systematic review on home monitoring of patients
with ILD to summarise the existing data. The aim of this review was to systematically evaluate the
evidence for use of home monitoring for early detection of exacerbations and/or progression of ILD.
Method We searched Ovid-EMBASE, MEDLINE and CINAHL using Medical Subject Headings (MeSH)
terms in accordance with the PRISMA guidelines (PROSPERO registration number CRD42020215166).
Results 13 studies involving 968 patients have demonstrated that home monitoring is feasible and of
potential benefit in patients with ILD. Nine studies reported that mean adherence to home monitoring was
>75%, and where spirometry was performed there was a significant correlation (r=0.72–0.98, p<0.001)
between home and hospital-based readings. Two studies suggested that home monitoring of forced vital
capacity might facilitate detection of progression in idiopathic pulmonary fibrosis.
Conclusion Despite the fact that individual studies in this systematic review provide supportive evidence
suggesting the feasibility and utility of home monitoring in ILD, further studies are necessary to quantify
the potential of home monitoring to detect disease progression and/or AEs.

Introduction
Interstitial lung disease (ILD) is a general term for approximately 200 different diseases that may result in
inflammation and scarring of the lung [1]. ILD is characterised by progressive dyspnoea, inflammation,
fibrosis and reduced quality of life [1]. Most cases of ILD result from an aetiological factor, such as
exposure to allergens, toxins or drugs or from an underlying autoimmune disease, with a modifying
influence of genetics and exogenous factors such as air pollution [2–4]. In many cases the aetiology is
unclear [5]. The most severe form of ILD is idiopathic pulmonary fibrosis (IPF) [1, 6], for which there is
no cure [2]. The median survival time after diagnosis of untreated IPF is 2–5 years [2, 7, 8]. The
considerable variability seen between patients makes individual outcome prediction difficult. In addition,
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there is a lack of validated biomarkers of disease progression [6, 9]. Forced vital capacity (FVC) is one
possible biomarker of disease progression and is usually measured intermittently. There are currently two
anti-fibrotic drugs approved for use in IPF, nintedanib and pirfenidone, which have been demonstrated to
slow the rate of FVC decline [10–13] and may increase median survival [10, 12, 14]. There is an urgent
unmet need for better treatments. Currently all clinical trials of novel therapies for IPF have used the
established end-point of rate of decline in FVC and have required large patient cohorts followed for a
significant length of time (years) to identify meaningful treatment responses [15, 16]. More frequent
measures, such as the use of home spirometry, may reduce the size, length of time and cost of clinical
trials [17–20]. Ineffective drug treatments could also be identified at an earlier stage. More regular
monitoring of physiological parameters in ILD might be of benefit in clinical practice and in research.

Patients with ILD may experience acute deteriorations (“exacerbations” or “acute exacerbations” (AEs)) of
their condition, and there is a growing body of research into the detection of exacerbation in ILD [21, 22].
AEs of ILD (AE-ILD) are highly variable but may result in rapid respiratory deterioration, alveolar
abnormalities, and in severe cases death [21–23]. This rapid progression can cause severe distress to patients
and burden healthcare systems. The potential for home monitoring to identify progression, including AE, at
an early stage is of significant interest. Supporting evidence exists in other respiratory diseases. It has been
demonstrated that early detection of exacerbations in COPD speeds recovery time [24, 25]. Home
monitoring has thus been recommended in lung diseases such as COPD to support earlier detection of
exacerbation [26, 27]. It is suggested that similar technology may benefit patients with ILD [20, 28–32].

Another challenge in ILD is the marked inter-patient heterogeneity which makes it very difficult to
accurately predict life expectancy and so to provide a reliable prognosis to individual patients and their
families [22]. A benefit of home monitoring may be that more frequent monitoring of individual patients
may allow prediction of a patient’s personal trajectory that can inform prognostication and decisions of
future care [31, 32].

The potential role for home monitoring in ILD has been amplified by the coronavirus disease 2019
(COVID-19) pandemic. The guidance from the British Lung Foundation and UK National Health Service
for patients with ILD has been to “shield”, to reduce the risk of contracting COVID-19 [33]. Home
monitoring could arguably decrease the inherent risk in physical attendance at outpatient clinics [26, 30].
This may also prove useful beyond the COVID-19 pandemic, given that ILD can limit patient mobility and
care is often centralised at tertiary centres [34, 35].

There is no existing systematic synthesis of the literature to examine the role of home monitoring to detect
ILD exacerbation and/or disease progression. Thus, we aimed to systematically gather, summarise and
evaluate the evidence not just for feasibility and reliability, but also on detection of AE-ILD and/or disease
progression in this systematic review.

Search methods
Protocol and registration
We undertook a systematic review of the literature using a protocol in accordance with the preferred
reporting items for systematic review and meta-analysis protocols (PRISMA-P 2015) [36, 37]. We
prospectively registered this systematic review at PROSPERO (protocol registration number
CRD42020215166).

Eligibility criteria
We utilised the PICO framework (participants/population, intervention(s)/exposure(s), comparator(s)/
control, main outcome(s)) as a search strategy. We systematically searched for studies on home monitoring
and interstitial lung disease published worldwide with no restriction on date of publication. Home
monitoring was defined as the regular use of any home-based technology and spirometry to monitor
symptoms and/or physiological parameters (such as vital signs and spirometry) over a period of at least
3 weeks. The selected papers met the following inclusion criteria: 1) patients with confirmed diagnoses of
ILD determined by the authors’ local criteria; 2) written in English; 3) focus on home monitoring to detect
exacerbations and/or progression in patients with ILD; 4) detected ILD exacerbations and progression; and
5) randomised controlled trials (RCTs), prospective or retrospective cohort observational studies or
case–control studies. Studies were excluded if the following criteria were met: 1) studies that were
conference abstracts, theses and book chapters; or 2) systematic reviews and meta-analyses (we screened
the bibliography), literature reviews or qualitative studies.
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Search strategy
Between October and November 2020, we searched electronic databases for published articles at any date
prior to this, and then updated the search in February 2021 to identify further relevant publications on ILD
and home monitoring. We developed a search strategy with medical library staff and extensively searched
the following databases: Ovid-EMBASE, Ovid-MEDLINE, Cumulative Index to Nursing and Allied
Health Literature (supplementary tables S1 to S5). We also searched the references of studies thoroughly
for any eligible articles. We searched the above electronic databases for Medical Subject Headings (MeSH)
terms, and the main terms classified into three groups that describe ILD, home monitoring and progression.
Further detailed related terms to this systematic review are included in supplementary tables S1 to S5.

Data collection
All studies found to be potentially eligible were retrieved from the electronic databases and stored for
de-duplicating in the reference management software package EndNote. We exported the results, after
removing duplicates, to the online software Rayyan, where the title and abstract of potential studies were
screened by two independent reviewers (M.A. Althobiani and R.A. Evans). The software allows the two
reviewers to include and exclude studies blindly, and when completed, disagreements were resolved by
reading the full text and discussion. We exported the included studies to a new EndNote library, where the
articles were read in full.

Quality assessment
Two authors (M.A. Althobiani and J.S. Alqahtani) conducted detailed quality assessment using the
Cochrane risk of bias tool for the assessment of the included RCT studies, and the Newcastle–Ottawa tool
was used in regard to the observational studies. The Cochrane risk of bias tool comprises seven domains.
The Newcastle–Ottawa tool consists of three broad perspectives used to assess the quality of
non-randomised studies included in this systematic review. The quality of the cohort studies is based upon
a “star” system with a total possible score of nine stars. Study ratings are indicated with the following: 7–9
stars=good, 4–6 stars=fair, 1–3 stars=poor (tables 1 and 2).

Synthesis of results
Narrative synthesis was undertaken according to outcomes that were reported in the included studies with
more emphasis given to studies of higher quality. We considered how differences in design, outcomes,
intervention, population and setting may have contributed to any differences in observed results.

Results
The original search across five databases identified 1841 publications; 1533 articles remained after
duplicates were manually reviewed and removed. A total of 1422 articles were excluded using title-only
screening, followed by 79 exclusions after title and abstract screening. A total of 32 articles remained for
full-text screening, 22 of which were excluded. Three articles were included as relevant from searching the
references. Thus, 13 studies were considered for inclusion in this systematic review as depicted in the
PRISMA flow diagram (figure 1).

Description of the included studies
11 prospective cohort studies and two RCTs were identified and included by the systematic search. The
RCTs were conducted in the Netherlands and in multiple centres internationally. Seven cohort studies were
conducted in the Netherlands, one in the UK, one in the USA, one in Germany, and one across the USA
and Ireland.

General description
Characteristics of the included studies are summarised in table 3. The studies were published between 2016
and 2021 and involved a total of 968 recruited patients with ILD. The sample size for these studies ranged

TABLE 1 Use of Cochrane risk of bias tool to assess quality of randomised controlled trials

Study Random sequence
generation

Allocation
concealment

Selective
reporting

Blinding subject
and personnel

Blinding outcome
assessment

Incomplete
outcome data

Other source of
bias

MAHER et al.
(2020) [38]

Low Low Low Low Low Low Unclear

MOOR et al.
(2020) [30]

Low Low Low High High Low Unclear
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TABLE 2 Use of Newcastle–Ottawa tool to assess the quality of cohort studies

Study Representativeness
of exposed cohort

Selection of
non-exposed

cohort

Ascertainment
of all-cause

Outcome
not present
at the start
of study

Comparability
of cohort

Assessment
of outcome

Adequate
follow-up
duration

Adequate
follow-up

rate

Score Quality

RUSSELL et al.
(2016) [31]

1 0 1 1 2 0 1 1 7 Good

JOHANNSON et al.
(2017) [20]

1 0 1 1 1 1 1 1 7 Good

VEIT et al. (2020)
[32]

1 0 1 1 2 1 1 1 8 Good

EDWARDS et al.
(2020) [39]

0 0 1 1 2 1 1 1 7 Good

MOOR et al.
(2019) [45]

1 0 1 1 0 1 1 1 6 Fair

MOOR et al.
(2018) [40]

1 0 1 1 2 1 1 1 8 Good

MOOR et al.
(2020) [46]

1 0 1 1 0 1 1 1 6 Fair

BROOS et al.
(2017) [41]

1 0 1 1 2 1 1 1 8 Good

MARCOUX et al.
(2019) [28]

1 0 1 1 2 1 1 1 8 Good

NOTH et al.
(2021) [43]

1 1 1 1 2 1 1 1 9 Good

MOOR et al.
(2020) [42]

1 0 1 1 2 1 1 1 8 Good

Previous studies

No studies have 

been conducted

Identification of new studiesIdentification of new studies via databases and registers

Records identified from:

Databases (n=1841)

Records removed before 

screening:

  Duplicate records removed  

  (n=308)

Records screened

(n=1533)

Records excluded

(n=1422)

Reports sought for retrieval

(n=111)

Reports not retrieved

(n=79)

Reports sought for retrieval

(n=3)

Reports assessed for 

eligibility

(n=3)

Reports assessed for 

eligibility (n=32)

Total studies included in 

review (n=13)

New studies included in 

review (n=3)

Reports of new included 

studies (n=10)

Full-text articles excluded,

with reasons (n=22)

Records identified from:

  Citation searching (n=3)

  etc.
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FIGURE 1 PRISMA flow diagram.
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TABLE 3 Characteristics of included studies on home monitoring in interstitial lung disease (ILD) patients

Study Setting/
design

Sample size and
characteristics

Disease
group

Clinic measures/
frequency

Home measures/
frequency

Study
length

Outcome Quality Results

MOOR et al.
(2020) [30]

NL/RCT n=90
Age (mean±SD):
71±6.9 years

Intervention (n=46)
Male: 39 (85%)
Age (mean):
70 years

Control (n=44)
Male: 43 (98%)
Age (mean):
72 years

IPF Spirometry, K-BILD,
PESaM, EQ-5D-5L,
HADS, VAS, GRC,
EQ-VAS (baseline,
and at 12 and
24 weeks)

FVC (Once daily)
K-BILD, PESaM,
EQ-5D-5L, HADS,
VAS, GRC, EQ-VAS

(weekly)

24 weeks Investigate whether
a home monitoring

programme
improves HRQOL

and medication use
for patients with IPF

Moderate (1) Improved
psychological well-being
compared to standard

care alone (mean
difference 1.04 points;

95% CI 0.09–2.00; p=0.032)
(2) Mean change in FVC
was not significantly
different between

hospital-based group
(−87.9 mL; range −209 to

33.2 mL) and home
monitoring group

(−7.9 mL; range −96 to
69.4 mL; p=0.25)

(3) Correlation between
home and hospital

spirometry was high at all
time-points (r=0.97,

p<0.001 at baseline and
12 weeks; r=0.96, p<0.001

at 24 weeks)
(4) Correlation between
slopes was moderately
strong (r=0.58; p<0.001)

MAHER et al.
(2020) [38]

RCT n=253
Intervention
(n=127)

Age (mean):
70 years (range

61.0–76.0)
Male: 70 (55%)
Placebo (n=126)
Age (mean):

69 years (range
63.0–74.0)

Male: 69 (55%)

Unclassifiable ILD Spirometry
6MWD,

UCSD-SOBQ,
Leicester Cough
Questionnaire,
SGRQ (baseline
and at 24 weeks)

FVC (once daily) 24 weeks The mean change in
FVC measured by
daily home-based
spirometry, change
in FVC measured by
site spirometry,
change in 6MWD,

change in
UCSD-SOBQ

Good (1) The primary end-point
was not adequately

analysed due to technical
issues resulting in

variability in home-based
spirometry measurements

(2) Mean FVC decline
measured by clinic

spirometry was less in
pirfenidone than placebo

group (treatment
difference 95.3 mL; 95% CI

35.9–154.6, p=0.002)

Continued
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TABLE 3 Continued

Study Setting/
design

Sample size and
characteristics

Disease
group

Clinic measures/
frequency

Home measures/
frequency

Study
length

Outcome Quality Results

RUSSELL et al.
(2016) [31]

UK/PCS n=50
Male: 45 (90%)
Age (mean±SD):
66.7±7.9 years

IPF Spirometry
baseline, and at 3,
6 and 12 months

FEV1, FVC (once
daily)

Median:
279 days,
range 13–
490 days

Feasibility and
reliability of

measuring daily FVC

Good (1) Daily FVC
measurement was most
predictive for disease

progression and mortality
when measured at

3 months (hazard ratio
1.04; 95% CI 1.02–1.06;
p⩽0.001), 6 months (HR
1.02; 95% CI 1.01–1.03;
p<0.001), and 12 months
(HR 1.012; 95% CI 1.007–
1.01; p=0.001); 28 days did

not yield a positive
correlation

(2) Regular home
measurement of FVC is
feasible and reliable
(3) Home spirometry

showed high correlation
with hospital-based

spirometry
JOHANNSON et al.

(2017) [20]
USA/
PCS

n=25
Male: 21 (84%)
Age (mean±SD):
73.6±7.5 years

IPF Spirometry
baseline and at 24

weeks

FEV1, FVC (three
times per week)
UCSD-SOBQ
(weekly),

dyspnoea-VAS
(weekly)

24 weeks Feasibility and
reliability of

measuring FVC and
dyspnoea

Good (1) Weekly home
measurement of FVC and
dyspnoea in patients with
IPF is reliable and feasible

over 24 weeks
(2) Mean adherence to
weekly home spirometry

>90%
VEIT et al. (2020)

[32]
DE/PCS n=47

Male: 28 (59.6%)
Age (mean±SD):
62.7 ±11.5 years

ILD Spirometry, 6MWD,
DLCO, FVC, K-BILD,
SGRQ, VAS Cough
(baseline, at 3 and

6 months)

FVC (three times
per day)

6 months Determine
feasibility in

different types of
fibrotic non-IPF ILD
and investigate the
clinical impact of

daily home
spirometry in
patients with

progressive ILD with
respect to disease

progression

Good (1) Adherence was higher
within the first 3 months
compared to the second
3 months (83.5±19.6%

versus 78.4±22.3% of the
days; p=0.0086)

(2) Correlation between
hospital FVC values and
the mean of the home
FVC measurements was

similarly strong at
3-month (r=0.95;

p<0.0001) and 6-month
visits (r=0.93; p<0.0001)

Continued
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TABLE 3 Continued

Study Setting/
design

Sample size and
characteristics

Disease
group

Clinic measures/
frequency

Home measures/
frequency

Study
length

Outcome Quality Results

EDWARDS et al.
(2020) [39]

IE/USA/
PCS

n=36
USA: Age (mean):

62 years
Ireland: Age

(mean): 66 years

PF FVC (once daily)
mMRC (once daily)
IPF-PROM (weekly)

1 year Acceptability and
utility of

patientMpower

Fair (1) 93% of respondents
reported a positive impact

on their well-being
(2) Good correlation

between hospital-based
and home-based

spirometry
MOOR et al.

(2019) [45]
NL/PCS n=10

Male: 6 (60%)
Age (mean):
53 years

Sarcoidosis Spirometry,
activity, PROM
(baseline and at

1 month), patients’
KSQ, EQ-5D-5L,
HADS, FAS
Satisfaction
(interview)

PEF, FEV1, FVC
(daily)

VAS fatigue,
dyspnoea, cough,

well-being
(weekly)

4 weeks Evaluate feasibility
of home monitoring
programme and

patient satisfaction
programme

Fair (1) Home spirometry
measurements highly

correlated with in-hospital
measurements of FVC

(r=0.97, p<0.001) and FEV1
(r=0.96, p<0.001)

(2) Mean adherence to
daily spirometry was

94.6%; it was measured
by dividing the total

number of measurements
by the total numbers of

days
MOOR et al.

(2018) [40]
NL/PCS n=10

Male: 9 (90%)
Age (mean):
71 years

IPF Spirometry,
patient-reported
outcome (baseline
and at 1 month),
patients’ K-BILD,
HADS, EuroQoL

5D-5 L

Home spirometry
(daily)

Patient-reported
outcome (weekly)

4 weeks Feasibility of a
pre-developed

home monitoring
programme in IPF
(home spirometry)

Fair (1) Home-based
spirometry showed similar
results to hospital-based
spirometry; measurements
of home and hospital FVC
were correlated (r=0.94;

p<0.001) and FEV1 (r=0.97;
p<0.001) were highly

correlated
(2) Feasibility and

potential barriers of home
spirometry: 80% of

patients reported easy to
use and 90% said it was
not burdensome; mean
adherence was 98.8% to

home monitoring
programme

Continued
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TABLE 3 Continued

Study Setting/
design

Sample size and
characteristics

Disease
group

Clinic measures/
frequency

Home measures/
frequency

Study
length

Outcome Quality Results

MOOR et al.
(2020) [46]

NL/PCS n=50
(n=44 acceptable

data)
Age range: 43–79

years
Male: 68%

IPF Questionnaire
(baseline and at

6 weeks)

FVC (twice daily)
Patient-reported
K-BILD online

6 weeks Measure diurnal
variation in FVC in
patients with f-ILD

using home
spirometry, evaluate
the relationship
between FVC and

activity,
home-based FVC,

home and
hospital-based
correlation

Fair (1) Morning FVC was
significantly higher than
afternoon FVC (mean
difference 36 mL,
p<0.001); the mean
difference between

morning and afternoon
FVC was similar for
patients with IPF

compared with all f-ILDs
(2) Daily step correlated
with FVC (r=0.32, p=0.028,
K-BILD total score (r=0.5,

p<0.001))
(3) Home and

hospital-based spirometry
were correlated (r=0.98,

p<0.0001)
BROOS et al.

(2017) [41]
NL/PCS n=21

Male: 13
Female: 8

Age (mean±SD):
43±11 years

76% diagnosed
with Scadding

stage II sarcoidosis

Sarcoidosis Clinic spirometry,
SGRQ, SF-36, KSQ,

MRC, FAS at
baseline, 1 and

3 months

FVC (daily)
MRC, FAS (weekly)

3 months Detect early steroid
treatment effects in

newly treated
pulmonary
sarcoidosis

Good (1) Home spirometry in
sarcoidosis is reliable
(2) Home and hospital

spirometry were
correlated (r=0.98;

p<0.001)

MARCOUX et al.
(2019) [28]

NL/PCS n=20
Male: 16 (80%)
Age (mean±SD):
73±6.9 years

IPF Clinic spirometry at
baseline, 4 and 23

weeks
6MWD (baseline
and at 12 weeks)

FVC (3
manoeuvres daily)

12 weeks Test the 12-week
feasibility of blinded

daily handheld
spirometry and
physical activity
monitoring in

patients with IPF

Good (1) The correlation for
office-based and handheld
FVC measurements was
0.99 (95% CI 0.97–0.99)
and 0.95 (95% CI 0.91–

0.98), respectively
(2) Mean adherence to

home spirometry was 84%

Continued
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TABLE 3 Continued

Study Setting/
design

Sample size and
characteristics

Disease
group

Clinic measures/
frequency

Home measures/
frequency

Study
length

Outcome Quality Results

NOTH et al.
(2021) [43]

NL/PCS n=346 diagnosed
with IPF in the
previous 3 years
and had an FVC
⩾80% predicted;
116 randomised to
nintedanib, 230
randomised to
placebo for

12 weeks, followed
by an open-label
period in which all
subjects received
nintedanib 150 mg
twice daily for 40

weeks

IPF Clinic spirometry at
baseline and weeks
4, 8, 12, 16, 20, 24,

36 and 52

FVC (weekly) 1 year Investigate the
feasibility and
validity of home
spirometry as a
measure of lung

function decline in
patients with IPF

Good (1) Over 52 weeks, mean
adherence was 86%

(2) 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); the
correlations were weaker
in subjects who provided
more FVC readings per

week, due to variability in
change in FVC measured
at home (greater number
of outliers) and errors in

measurements
MOOR et al.

(2020) [42]
NE/PCS n=10

Female: 60%
Age (mean±SD):
60.3±9.9 years

Systemic
sclerosis-associated

ILD

Spirometry at
baseline and
3 months

K-BILD, HADS,
EQ-5D-5L (baseline
and at 6 weeks)

FVC (once daily) 3 months Investigate the
feasibility of an
online home
monitoring

application, and
spirometry

Good (1) Mean±SD adherence
was 98.8±1.5%

(2) Strong adherence and
acceptability; 90% found
home monitoring pleasant
and wanted to continue
to use home monitoring

application daily

IPF: idiopathic pulmonary fibrosis; CAT: COPD Assessment Test; EQ-5D-5L: EuroQoL Five-Dimensions Questionnaire; FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; GRC: Global
Rating Change; HRQOL: health-related quality of life; ILD: interstitial lung disease; 6MWD: 6-min walk distance; HADS: Hospital Anxiety and Depression Scale; IE: Ireland; K-BILD: The King’s Brief
Interstitial Lung Disease; NL: Netherlands; PESaM: Patient Experiences and Satisfaction with Medication questionnaire; PCS: prospective cohort study; RCT: randomised controlled trial; SGRQ:
St George’s Respiratory Questionnaire; UK: United Kingdom; US: United States; VAS: visual analogue scale; mMRC: Modified Medical Research Council; EQ-VAS: EuroQol-visual analogue scales;
IPF-PROM: Idiopathic Pulmonary Fibrosis (IPF) Patient Reported Outcome Measure; KSQ: King’s Sarcoidosis Questionnaire; PEF: peak expiratory flow; f-ILD: fibrosing interstitial lung disease;
SF36: 36-Item Short Form; UCSD-SOBQ: The University of California, San Diego, Shortness of Breath Questionnaire.
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from 10 to 346 patients, with ages ranging from 31 to 73 years. The majority of the patients were male.
The RCT duration was 24 weeks, and the prospective cohort studies ranged from 2 to 70 weeks.

A variety of types of home monitoring techniques, including but not limited to spirometry, weekly
symptom reporting through electronic means, wearable devices to track/monitor vitals and activity, were
used. Table 4 summarises the techniques and tools used in the included studies.

Feasibility
Feasibility
A recent study by MAHER et al. [38] raised some concerns related to the data integrity of home-based
spirometry in patients with pulmonary fibrosis due to high variability and technical problems. However, 13
studies support the feasibility and utility of home-based spirometry in patients with ILD [20, 28, 30–32,
38–43, 45, 46]. MOOR et al. [30] reported that the slopes of home- and clinic-based FVC over time were
comparable. The rate of discontinuation was not dissimilar to the rates seen in other clinical trials. Most
participants were able to provide daily readings, with at least four every 5 days, for up to 1 year [30, 31,
39, 42]. In contrast, VEIT et al. [32] and MARCOUX et al. [28] required patients to perform three spirometry
manoeuvres every day and found it feasible. In summary, regular home measurement of FVC in the
context of a clinical study was found to be feasible. JOHANNSON et al. [20] and NOTH et al. [43] showed
feasibility and reliability of weekly spirometry in patients with ILD. Two studies in sarcoidosis [41, 45]
and one in IPF [29] included 121 patients who performed daily home spirometry, and completed
patient-reported outcomes at baseline, weekly and at the end of the studies. The articles concluded that a
home monitoring programme for IPF and sarcoidosis was indeed feasible, and was well tolerated by most
of the patients [29, 30, 41].

In general, all the included studies presented a positive experience in relation to acceptance of home
monitoring programmes by patients. EDWARDS et al. [39] demonstrated acceptability of home monitoring to
patients at 6 weeks, and the majority of patients wished to continue with home monitoring beyond this
time-point. Patients showed a positive attitude towards home monitoring techniques despite differences in
age and the size of studies. Ease of use and friendliness of technology contributed to good compliance
among patients and their acceptance of the home monitoring systems [34].

Adherence
Adherence was calculated by the number of home measurements divided by the number of weeks enrolled
in the study for weekly measurements, and number of home measurements divided by the number of days
enrolled in the study for daily measurements [20, 32]. In the study by JOHANNSON et al. [20] mean
adherence to three times weekly home FVC monitoring over 24 weeks was 90.5% (SD=18.3%). The VEIT

et al. [32] study reported that adherence to three times daily home spirometry decreased over time. Median
adherence dropped within the first 28 days and decreased from 90% to 81% over 6 months. Acceptance,
however, was high; only four patients discontinued within the first week as dyspnoea made it too difficult

TABLE 4 The components and outcomes measured in the home monitoring intervention in this systematic review

Study Measurement parameters Data transmission Online
platform/app

Spirometer Quality
check

Oximetry Step count/
6MWD

Symptom
report

Downloaded by
staff

Real-time Diary
card

MOOR et al. (2020) [30] ✓ ✓ ✓ ✓ ✓
RUSSELL et al. (2016) [31] ✓ ✓
JOHANNSON et al. (2017) [20] ✓ ✓ ✓ ✓
MOOR et al. (2019) [45] ✓ ✓ ✓ ✓ ✓ ✓
VEIT et al. (2020) [32] ✓ ✓ ✓ ✓ ✓
MOOR et al. (2018) [40] ✓ ✓ ✓ ✓ ✓
EDWARDS et al. (2020) [39] ✓ ✓ ✓ ✓ ✓ ✓ ✓
NOTH et al. (2020) [43] ✓ ✓
MOOR et al. (2020) [42] ✓ ✓ ✓ ✓ ✓ ✓
BROOS et al. (2017) [41] ✓ ✓ ✓
MARCOUX et al. (2019) [28] ✓ ✓ ✓ ✓ ✓
MOOR et al. (2020) [46] ✓ ✓ ✓ ✓
MAHER et al. (2020) [38] ✓ ✓ ✓ ✓ ✓
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to perform daily measurements. NOTH et al. [43] demonstrated that adherence to weekly home spirometry
decreased with time but remained over 75% throughout the entirety of the study. Studies by MOOR et al.
[29, 30, 40, 42, 45] demonstrated that mean adherence to once daily home FVC ranged from 90.5% to
98.8%. In summary, adherence to a home monitoring programme varied depending on study duration,
frequency of measurement and transmission. However, nine studies [20, 28, 30, 32, 39, 40, 42, 43, 45]
reported that mean adherence to home spirometry was >75%. VEIT et al. [32] reported that the decrease in
adherence with time might be due to lack of reminders to perform spirometry. MOOR et al. [30] found good
adherence that did not decrease with time and suggested that in other studies such challenges with home
spirometry might have arisen because patients were blinded from their results and had no technical
helpdesk.

Utility
Prediction of disease progression and mortality
Only RUSSELL et al. [31] and VEIT et al. [32] reported information describing whether home-based
monitoring was able to detect disease progression. RUSSELL et al. [31] reported 18 deaths out of 50 subjects
during the 490-day study of patient-recorded daily spirometry. The study compared the rate of change in
FVC between baseline to 28 days, 3 months, 6 months and 12 months. It demonstrated that the rate of
change in FVC was more predictive for disease progression and mortality when measured at 3 months
(hazard ratio (HR) 1.04; 95% CI 1.02–1.06; p⩽0.001), 6 months (HR 1.02; 95% CI 1.01–1.03; p<0.001)
and 12 months (HR 1.012; 95% CI 1.007–1.01; p=0.001); 28 days did not yield a significant correlation [31].

VEIT et al. [32] included 47 patients and provided reliable daily measurements of spirometry for the cohort
study. The study defined disease progression as death due to respiratory failure, lung transplantation, AE or
hospital-based relative FVC decline >10% at 3 or 6 months [32]. During the 6 months, 12 of these 40
participants experienced disease progression [32]. A group of patients displayed high daily variability in
FVC during the initial 28 days of the study; 60.0% showed a variation ⩾5%. FVC variability over 28 days
was independently associated with disease progression (HR 1.20; 95% CI 1.05–1.3; p=0.007). FVC
variability over 3 months was also a significant predictor for disease progression (HR 1.2; 95% CI 1.01–1.64;
p=0.03). It is possible that individual techniques for performing daily spirometry could cause the variation
seen in FVC results early on. This study examined results prior to and post the 3-month hospital FVC
check and saw no significant variations. This helps eliminate individual technique as a contributor to
varied results, and so the correlation between results of 28 days and 3 months being strong, significantly
supports the relationship between change in FVC and disease progression. The 6-min walk distance
(6MWD) (301±140 m versus 433±89 m; p=0.009) and the King’s Brief Interstitial Lung Disease
questionnaire (K-BILD) total score (46.3±8.1 versus 55.8±12.7; p=0.004) were lower in the progressive
group, indicating more limitation of physical and subjective well-being [34].

Correlation between home-based spirometry and hospital-based monitoring
Nine studies [28, 30–32, 39, 41, 42, 45, 46] confirmed strong correlation between home and
hospital-based spirometry readings of FVC. Six studies [30, 36, 41, 42, 45, 46] showed a significant
positive correlation with a p-value <0.001 and r=0.93–0.98. NOTH et al. [43] reported strong correlations
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). The correlations were weaker in subjects who provided more FVC readings per week. This was
due to variability in change in FVC measured at home (greater number of outliers) and errors in
measurements [43]. Variability in change from baseline in FVC was greater when measured by home
rather than clinic spirometry [43]. However, JOHANNSON et al. [20] and MAHER et al. [50] report studies that
had problems with measurement variability, and the quality assurance of home-based spirometry is a major
consideration. JOHANNSON et al. [20] showed that home-based monitoring of FVC value was variable and
hence suggested hospital-based confirmation of FVC decline to prevent error, defeating the object of home
monitoring. Similarly, MAHER et al. [50] recommended further research before home measurements of
FVC be used as a primary end-point in clinical trials and in particular, a need for a priori consideration of
how the planned statistical analysis will handle data from patients with missing or variable spirometry
values, so as not to affect planned statistical analyses [40, 43]. Variability might also have been caused by
limited adherence, training, technical problems and lack of reminders [19, 29, 40]. MARCOUX et al. [28]
reported that correlation between home spirometer and office-based measurements declined at week 12.

Home versus hospital monitoring of medication use
Two studies by MOOR et al. [30, 45] used an online eHealth application developed for patients with
sarcoidosis and IPF. Patients kept track of their own health-related data, such as lung function, symptoms,
medication and side-effects, and were provided with a graphical overview of their data. It was found that
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patients reported better insights into the effects of medication by seeing a daily overview of their lung
function and potential disease progression. This suggests that patients with ILD had better-tailored
treatment decisions during home monitoring programmes [30, 45]. Moreover, BROOS et al. [41] suggest
that home monitoring of physiological parameters could help physicians not only to detect disease
progression but also to evaluate response to therapy.

Home versus hospital monitoring of well-being and health-related quality of life
MOOR et al. [30] assessed health-related quality of life in patients with IPF using the K-BILD questionnaire
in a 24-week randomised controlled trial. K-BILD is a validated, 15-item self-rated questionnaire, and an
interstitial lung disease-specific, health-related quality of life questionnaire [30]. Home monitoring was not
associated with a statistically significant improvement in K-BILD (mean difference 2.67 points; 95% CI
−1.85–7.17; p=0.24). The RCT consisted of 90 patients; 46 out of 90 received home monitoring services.
It was found that both the mean K-BILD score and the K-BILD psychological domain score was greater in
the home monitoring group indicating improved general psychological well-being. The results of the RCT
showed that the anxiety scores were low in both groups, improved psychological well-being and allowed
for individually tailored treatment adjustments.

Discussion
We have conducted the first systematic review examining home monitoring of lung function and symptoms
to detect ILD exacerbations and progression. 13 studies utilised home monitoring to measure feasibility
and utility with two studies including disease progression as an outcome. The included studies provide
evidence to support the feasibility and utility of home-based monitoring in patients with ILD [20, 28, 30–
32, 38–43, 45, 46]. However, the included studies varied in their primary outcome, and were
heterogeneous with respect to duration, measurements, and the type of technology and questionnaires used.

ILD relies on regular pulmonary function testing to guide management [6, 47–50]. Among the tools used
for home-based monitoring, comparison of spirometry before and after an exacerbation and/or progression
demonstrated that FVC decline reflects the severity of disease progression [2, 42, 51]. At present,
spirometry is the primary test used to detect exacerbation and/or progression in ILD [52–54]. FVC
variability was addressed in two of the included studies in patients with ILD. VEIT et al. [32] and RUSSELL

et al. [31] demonstrated a link between variability of FVC and ILD disease progression [31, 32]. VEIT

et al. [32] found that FVC variability was a statistically significant predictor for disease progression [53,
55, 56]. Moreover, RUSSELL et al. [31] confirmed that the rate of change in FVC was most predictive for
disease progression and mortality when measured over 3, 6 and 12 months. Risk of variation can be
mitigated by providing training, a technical helpdesk and real-time monitoring with reminders [30].

Early detection of disease progression and AE has been a focus for several diseases, especially in COPD
[57]. Home monitoring of heart rate and oxygen saturation has been shown to result in early detection of
exacerbation in COPD [26]. Similarly, previously studies reported exacerbation and/or progression in
patients with ILD [6, 21, 22, 23]. Most studies until recently have only focused on the feasibility and
reliability of home monitoring. However, the potential for home monitoring to facilitate early identification
of AE-ILD has gained increasing interest during the past years. Recently, MOOR et al. [40] reported that
FVC decline could be detected 2 days before symptoms of infection began. Although it is possible to
continuously monitor heart rate and oxygen saturation, the included studies in this review did not examine
data for heart rate and oxygen saturation. Monitoring heart rate, 6MWD, activity and oxygen saturation remotely
might contribute to a more precise prediction of disease exacerbation and/or progression [50, 53, 58–65].

Other factors to be considered are potential use of real-time monitoring and artificial intelligence to predict
exacerbation and/or progression [60, 66–68]. Artificial intelligence is now adapted to interpret complex
data in COPD to predict acute respiratory events [60, 69–73]. Artificial intelligence could allow monitoring
of a large number of patients continuously and simultaneously. Utilising machine learning via an online
platform with real-time data transmission could allow real-time detection of exacerbation and/or
progression [53, 58, 74]. Predictors of disease exacerbation and/or progression have already been published
but not specifically for patients with ILD [69, 75–77]. The ability to accurately detect rare occurrences,
such as AE-IPF, offers the potential for clinical trials to assess early treatments for these, often devastating,
events. We believe that machine learning and the use of an online platform with direct data transmission,
of proven value in other diseases [69, 72], has promising potential in the field of ILD.

Encouraging findings were the high level of adherence and that patients were generally satisfied with home
monitoring [29, 30, 39, 40]. Nevertheless, some studies showed that adherence to home-based monitoring
decreased over time [20, 32, 78]. It is suggested that involving patients in monitoring their own condition
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would give some feeling of being in control and managing the condition [20, 79, 80]. This aligns with
what has been suggested in respect to patients’ increase in adherence to, and satisfaction with, home-based
monitoring [20, 39, 81, 82]. Another reason for patients to remain adherent might be the ability of home
monitoring to generate early alerts of deterioration with the potential for early interventions [30].

In recent assessments of home monitoring for patients with ILD, healthcare providers were interested to
use home monitoring for regular care and research purposes [83]. Although these findings are encouraging,
further studies considering clinician perspectives are necessary. It is important to consider that the total
number of participants was fewer than one thousand, and all were patients. This is not a complete
representation of real-world clinical experience. Both patients and clinicians could benefit from effective
home monitoring for patients with ILD to detect exacerbations and/or progression and to allow timelier
intervention; for closer monitoring of therapeutic interventions; and to assess novel medications in clinical
trials. The potential cost reduction on both patient and clinician sides could also be explored.

The potential of home monitoring of ILD patients was a consistent focus of the included studies, but the
challenge of providing effective detection of exacerbation and/or progression has yet to be addressed. The
published trials were mostly feasibility studies with a few ongoing studies [56, 84–86] focusing on
detection of AE-ILD using home spirometry. Researchers should conduct longitudinal studies of
physiological parameters and symptoms with real-time feedback from integrated spirometry, pulse
oximetry and wearable devices and smartphone applications to assess their ability to detect exacerbation
and/or progression in patients with ILD.

Conclusion
Although there were no studies reporting conclusively on the ability of home monitoring to detect
deteriorations of ILD and AE-ILD, this systematic review suggests good adherence and feasibility of home
monitoring. Home monitoring presents an opportunity for earlier detection of exacerbation and/or
progression in ILD and examining this question should be the focus of future research.
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