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Abstract
Background Pulmonary rehabilitation improves mood disorder in COPD, but there are limited data in
idiopathic pulmonary fibrosis (IPF). The aims of this cohort study were to investigate whether pulmonary
rehabilitation reduces mood disorder in IPF, and estimate the minimal important difference (MID) of the
Hospital Anxiety and Depression Scale (HADS).
Methods HADS and core pulmonary rehabilitation outcomes were measured in 166 participants before
and after an 8-week, in-person, outpatient pulmonary rehabilitation programme. Anchor- and distribution-
based methods were used to calculate the MID of HADS-Anxiety (A) and HADS-Depression (D).
Results Suggestive or probable anxiety and depression (HADS ⩾8) were present in 35% and 37% of
participants, respectively, at baseline, and this reduced significantly following pulmonary rehabilitation
(post-pulmonary rehabilitation: HADS-A 23%, HADS-D 26%). Overall, there was a significant reduction
in HADS-D (mean change −1.1, 95% CI −1.6– −0.5), but not HADS-A (−0.6, −1.3–0.15) with
pulmonary rehabilitation. Subgroup analysis of those with HADS ⩾8 revealed significant improvements in
HADS domains (mean change: HADS-A −4.5, 95% CI −5.7– −3.4; median change: HADS-D −4.0,
interquartile range −6.0– −1.0). The mean (range) MID estimates for HADS-A and HADS-D were −2
(−2.3– −1.7) and −1.2 (−1.9– −0.5), respectively.
Conclusion In people with IPF and suggestive or probable mood disorder, pulmonary rehabilitation
reduces anxiety and depression.

Introduction
Idiopathic pulmonary fibrosis (IPF) is characterised by a progressive decline in respiratory and physical
functioning [1, 2]. Anxiety and depression are common in people with IPF; point prevalence rates range
between 21% and 98% [3–10] and 14% and 100% [3–12] for anxiety and depression, respectively. Mood
disorder in IPF is attributed to multiple factors, including the variable disease trajectory of IPF, uncertainty
and fear around disease progression [12, 13], treatment (e.g. supplemental oxygen [4]), symptom burden
(e.g. dyspnoea, cough [4, 5, 12]), loss of physical function [5] and independence, and social isolation [12],
which have a detrimental impact on health-related quality of life [4, 12].

However, mood disorders are undertreated, with 75–84% [4, 11] of people with mood disorder not
prescribed medication. Similarly, nonpharmacological management is limited to studies demonstrating
minimal impact on mood disorders in IPF with palliative care [14] or disease management interventions
(educational sessions designed to enable people with IPF learn about their disease) [7].
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Pulmonary rehabilitation, an exercise and education programme for people with chronic lung disease,
improves symptoms of mood disorder in people with COPD [15–17] and bronchiectasis [18]. A recent
Cochrane review investigated the effects of pulmonary rehabilitation on exercise capacity, breathlessness,
health-related quality of life and survival in people with interstitial lung disease (ILD) (including an IPF
subgroup), but not mood disorder [19]. Data on the effect of pulmonary rehabilitation on mood disorder in
IPF-specific populations are limited, and restricted to small studies that are underpowered to detect change
[20–23]. Furthermore, the minimal important difference (MID) of the most commonly used mood disorder
outcome measure in IPF [3–6, 20, 21, 23, 24], the Hospital and Anxiety Depression Scale (HADS) [25], is
not known in this population. Therefore, the primary aim of this study was to determine the effects of
pulmonary rehabilitation on anxiety and depression in people with IPF, with particular focus on those
presenting with suggestive or probable mood disorder. The secondary aim was to estimate the MID of the
HADS questionnaire. We hypothesised that pulmonary rehabilitation would reduce symptoms of mood
disorder in IPF.

Materials and methods
Study design and participants
Participants were recruited to this cohort study between August 2012 and October 2017. Inclusion criteria
were a primary diagnosis of IPF determined by a specialist multidisciplinary team; referred for a
pulmonary rehabilitation assessment with the Harefield Pulmonary Rehabilitation Unit (London, UK);
ability to walk 5 m independently (with or without a mobility aid) and ability to provide informed consent.
The exclusion criteria were the presence of significant nonrespiratory comorbidities that would affect
participants’ ability to walk and therefore participate in pulmonary rehabilitation (e.g. leg amputation) or
any other conditions that could cause the participant to be unsafe during exercise (e.g. unstable heart
condition). All participants provided written informed consent, and the study was approved by the West
London and London-Riverside research ethics committees (11/LO/1780, 14/LO/2247).

Methods
Participants underwent an outpatient pulmonary rehabilitation programme, which comprised two
supervised sessions of exercise and education and one unsupervised home-based exercise session per week
for 8 weeks. The programme, which included an education session on psychological wellbeing, is
described in the supplementary material and elsewhere [26, 27]. Completion of this programme was
determined to be attendance of a minimum of eight sessions and the post-pulmonary rehabilitation
assessment [27].

Symptoms of mood disorder were measured using the HADS questionnaire, which has 14 items with two
subscales: anxiety (HADS-A) and depression (HADS-D) [25]. Each item is scored from 0 to 3 with each
subscale score ranging from 0 to 21 (low scores indicate fewer symptoms). For both subscales, HADS ⩽7
indicates no symptoms, HADS ⩾8 is suggestive of mood disorder and HADS ⩾11 signifies probable
mood disorder [28]. HADS, spirometry, incremental shuttle walk test (ISW) [29], King’s Brief Interstitial
Lung Disease Questionnaire (KBILD) [26], Chronic Respiratory Questionnaire (CRQ) [30] and Medical
Research Council dyspnoea scale (MRC) [31] were completed before and after the pulmonary
rehabilitation programme.

Analysis
Baseline characteristics were reported using descriptive statistics (normally distributed data: mean±SD,
non-normally distributed data: median (interquartile range (IQR)), categorical data: number (%)). The
relationship between HADS-A and HADS-D with other outcome measures and number of pulmonary
rehabilitation sessions attended was analysed using Pearson’s correlation coefficient (or Spearman’s rank
correlation coefficient for non-normally distributed data). ANOVA (or Kruskal–Wallis for non-normally
distributed data) compared the between-group baseline differences according to HADS-A and HADS-D
categories. Paired t-test (or Wilcoxon signed-rank test for non-normally distributed data) analysed response
to pulmonary rehabilitation (i.e. change pre- to post-pulmonary rehabilitation). Chi-squared test for trend
compared HADS categories before and after pulmonary rehabilitation. A pre-specified analysis
investigating the response to pulmonary rehabilitation in participants with baseline HADS-A or HADS-D
⩾8 was performed.

MID analysis
Multiple anchor- and distribution-based approaches were used to estimate the MID of HADS-A and
HADS-D. For anchor-based methods, the following external anchors were selected because they are known
to be responsive to pulmonary rehabilitation in people with IPF: MRC, ISW, CRQ (domains and total
score) and KBILD (domains and total score). The a priori criteria for establishing the validity of external
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anchors were a statistically significant correlation at the 5% level and a correlation coefficient >0.3 [32].
For external anchors fulfilling these criteria, linear regression was used to estimate change in HADS-D
corresponding to the established MID for the relevant external anchors [33]. Additionally, receiver
operating characteristic (ROC) curves provided MID estimates with the highest equal sensitivity and
specificity to discriminate between those who improved the external anchor by the established MID and
those who did not [34]. The distribution-based methods used to estimate the MID included 0.5×SD change
and SEM (SD × √1 – test–retest reliability of HADS (test–retest reliability 0.86)). Data analyses were
performed using GraphPad Prism 9 (GraphPad Software, USA) and SPSS version 26 (IBM, USA).
Statistical significance was considered at p<0.05.

Regarding the sample size calculation, for anchor-based approaches of determining the MID, a minimum
correlation of r>0.3 between the outcome of interest and external anchor is required [32]. To show a
correlation of r>0.3 between change in HADS and change in CRQ or ISW with 95% power at the 0.05
significance level would require a minimum of 138 participants completing pulmonary rehabilitation.

Results
Baseline characteristics
In total, 261 people with IPF were referred to Harefield Pulmonary Rehabilitation Unit. Of these, 20
declined to participate in the study and six failed to meet the inclusion criteria: unstable cardiac condition
(n=2), foot-drop (n=2) and unable to walk 5 m (n=2) (figure 1). 235 people were recruited to the study and
166 (64%) completed the pulmonary rehabilitation programme; participants attended a mean±SD 10±6
pulmonary rehabilitation sessions. There was no difference in baseline HADS scores between completers
and noncompleters (mean±SD completers versus noncompleters: HADS-A 5.9±4.6 versus 6.7±4.6, p=0.07;
HADS-D 6.5±3.9 versus 7.3±4.3, p=0.08).

The baseline characteristics of the whole cohort are described in table 1 and categorised according to
HADS-A and HADS-D categories in the supplementary material (supplementary tables S1 and S2). With
higher HADS-A and HADS-D (increasing severity of anxiety and depression), there was a significant
worsening of disease severity (forced vital capacity (FVC) % predicted), respiratory disability (MRC),
exercise capacity (ISW) and health-related quality of life (CRQ, KBILD).

For baseline HADS-A, there were moderate significant correlations with HADS-D (r=0.63) and
CRQ-Emotion (r= −0.50) (figure 2) and significant but weak correlations with the other CRQ domains

Potential participants 

assessed for eligibility

n=261

Eligible to participate

n=255

Consented to participate

n=235

Enrolled in pulmonary rehabilitation

n=235

Completed pulmonary rehabilitation

n=166

Excluded n=6:

  Unstable cardiac condition (n=2)

  Walking limited by foot-drop (n=2)

  Unable to walk 5 m (n=2)

Did not complete pulmonary rehabilitation n=69:

  Unwell  (respiratory) (n=16)

  Unwell (nonrespiratory) (n=14)

  Family commitments (n=7)

  Deceased (n=5)

  Unable to contact (n=27)

Did not consent n=20:

  Declined to participate in the study

  (n=20)

FIGURE 1 Study flow diagram.
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TABLE 1 Baseline characteristics of the whole cohort

Participants 235
Male 163 (69)
Age (years) 73±9
FVC (L) 2.18±0.8
FVC (% pred) 68.8±21.6
FEV1/FVC 0.81 (0.75–0.87)
MRC 3 (2–4)
BMI (kg·m−2) 26.8 (24.0–30.3)
Ischaemic heart disease 34 (15)
Pulmonary hypertension 17 (7)
Prescribed antifibrotic therapy 26 (11)
Prescribed medication for anxiety 1 (0.4)
Prescribed medication for depression 10 (4)
Long-term oxygen therapy 28 (12)
Ambulatory oxygen therapy 34 (15)
HADS-A 5.9±4.6
HADS-A ⩽7 154 (66)
HADS-A 8–10 44 (19)
HADS-A ⩾11 37 (16)
HADS-D 6.5±3.9
HADS-D ⩽7 149 (63)
HADS-D 8–10 47 (20)
HADS-D ⩾11 39 (17)
ISW (m) 235±171
CRQ-Dyspnoea 15.5±6.2
CRQ-Mastery 18.2±6.0
CRQ-Fatigue 13.8±5.5
CRQ-Emotion 31.6±9.4
CRQ-Total 79.2±23.2
KBILD-Psychological 56.0±17.2
KBILD-Breathlessness and Symptoms 40.0 (30.3–50.2)
KBILD-Chest 63.6±20.8
KBILD-Total 54.8±11.2

Data are presented as n, n (%), mean±SD or median (interquartile range). FVC: forced vital capacity; FEV1: forced
expiratory volume in 1 s; MRC: Medical Research Council dyspnoea scale; BMI: body mass index; HADS-A/D:
Hospital Anxiety and Depression Scale – Anxiety/Depression; ISW: incremental shuttle walk test; CRQ: Chronic
Respiratory Questionnaire; KBILD: King’s Brief Interstitial Lung Disease Questionnaire.
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FIGURE 2 Relationship between Hospital Anxiety and Depression Scale-Anxiety (HADS-A) and a) HADS-Depression (D) and b) Chronic Respiratory
Questionnaire-Emotion (CRQ-E).
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and KBILD (supplementary table S3). There was no correlation with number of pulmonary rehabilitation
sessions attended. For baseline HADS-D, there were significant strong correlations with CRQ-Emotion
(r= −0.79), CRQ-Mastery (r= −0.71) and CRQ-Total (r= −0.74) (figure 3); moderate correlations with
HADS-A (0.63), CRQ-Fatigue (r= −0.57), KBILD-Psychological (r= −0.59), KBILD-Chest (−0.50),
KBILD-Total (−0.56) and significant but weak correlations with FVC % pred, MRC, ISW,
CRQ-Dyspnoea, KBILD-Breathlessness and symptoms and number of pulmonary rehabilitation sessions
attended (supplementary table S3).

Response to pulmonary rehabilitation
For the whole cohort, there were significant and clinically meaningful improvements in the core pulmonary
rehabilitation outcomes of exercise capacity, breathlessness and health-related quality of life, with no change
in FVC % pred following completion of pulmonary rehabilitation (table 2). There was a significant reduction
in the proportion of participants with suggestive or probable anxiety and depression following pulmonary
rehabilitation (figure 4) (pre-pulmonary rehabilitation versus post-pulmonary rehabilitation: HADS-A 35%
versus 23%, p⩽0.01; HADS-D 37% versus 26%, p⩽0.01). In the whole cohort, there was no statistically
significant reduction in HADS-A scores with pulmonary rehabilitation (mean −0.6, 95% CI −1.3–0.15), but
significant improvement in HADS-D (mean −1.1, 95% CI −1.6– −0.5). There was no correlation between
the number of pulmonary rehabilitation sessions attended and change in HADS-A (r=0.08, p=0.30) or
HADS-D (r= −0.14, p=0.09) scores. Participants with baseline HADS-A ⩾8 showed a significant
improvement in HADS-A (mean change −4.5, 95% CI −5.7– −3.4) and HADS-D (mean change −1.7, 95%
CI −2.8– −0.6) with pulmonary rehabilitation (table 3). Similarly, participants with baseline HADS-D ⩾8
demonstrated significant improvements in HADS-A (mean change −1.5, 95% CI −2.0– −1.0) and HADS-D
(median change −4.0, IQR −6.0– −1.0; p<0.001) with pulmonary rehabilitation (table 3).
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FIGURE 3 Relationship between Hospital Anxiety and Depression Scale-Depression (HADS-D) and a) Chronic Respiratory Questionnaire-Emotion
(CRQ-E) and b) CRQ-Mastery (M) and c) CRQ-Total score (T).
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MID estimation
The correlations between change in HADS-A and HADS-D and change in MRC, ISW, CRQ and KBILD
are reported in supplementary table S4). As the a priori criteria for establishing the validity of external
anchors, a statistically significant correlation at the 5% level and a correlation coefficient >0.3 [32], were
not achieved for HADS-A, we were unable to use this approach to estimate the MID for this domain.
Using two distribution-based methods, the mean MID estimate was −2.0 (MID method and estimate:
0.5×SD −2.3; SEM −1.7).

For HADS-D, only the correlation with change in MRC, CRQ domains and total score and
KBILD-Psychological met the a priori criteria for an external anchor. For these external anchors, linear

TABLE 2 Baseline characteristics and response to pulmonary rehabilitation (n=166)

Baseline
characteristics

Post-pulmonary
rehabilitation

Response to
pulmonary

rehabilitation

p-value

FVC (L) 2.20±0.80 2.20±0.83 0.1 (−0.1–0.4) 0.23
FVC (% pred) 70.5±21.9 70.6±23.1 2.9 (−3.9–9.8) 0.39
FEV1/FVC 0.81 (0.76–0.87)# 0.80±0.09 0.01 (−0.09–0.09)# 0.96
MRC 3 (2–4) 2 (2–3) −1 (−2–0) <0.01
BMI (kg·m−2) 26.8 (24.0–30.3)# 26.7 (23.9–29.9)# −0.8 (−4.2–4.6)# 0.71
HADS-A 5.5±4.5 4.9±3.7 −0.6 (−1.3–0.15) 0.12
HADS-D 6.1±3.7 5.0±3.4 −1.1 (−1.6– −0.5) <0.01
ISW (m) 267±174 317±184 51 (39–63) <0.01
CRQ-Dyspnoea 15.9±5.9 20.2±6.2 4.3 (3.3–5.3) <0.01
CRQ-Mastery 19.0±5.6 20.4±5.3 1.2 (0.5–2.0) <0.01
CRQ-Fatigue 14.4±5.2 16.7±4.6 2.4 (1.6–3.1) <0.01
CRQ-Emotion 32.4±8.9 35.0±8.6 2.6 (1.5–3.7) <0.01
CRQ-Total 81.7±21.5 92.2±20.6 10.5 (7.6–13.4) <0.01
KBILD-Psychological 57.9±16.7 63.1±17.1 6.8 (4.1–9.5) <0.01
KBILD-Breathlessness and
Symptoms

41.9 (33.1–50.2)# 47.4 (37.8–55.2)# 6.0 (0.0–12.6)# <0.01

KBILD-Chest 64.5±20.3 70.7±20.2 6.7 (2.8–10.6) <0.01
KBILD-Total 55.9±11.0 59.3±10.3 4.4 (2.7–6.1) <0.01

Data are presented as mean±SD or mean (95% CI) change, unless otherwise stated. FVC: forced vital capacity;
FEV1: forced expiratory volume in 1 s; MRC: Medical Research Council dyspnoea scale; BMI: body mass index;
HADS-A/D: Hospital Anxiety and Depression Scale – Anxiety/Depression; ISW: incremental shuttle walk test; CRQ:
Chronic Respiratory Questionnaire; KBILD: King’s Brief Interstitial Lung Disease Questionnaire. #: data are
presented as median (interquartile range).

Pre-PR

Post-PR

0 50

65%16% 19%

77%9% 14%

100

Percentage (%)

HADS-Aa)

Pre-PR

Post-PR

0 50

63%17% 20%

74%7% 19%

100

Percentage (%)

HADS-Db)

Probable disorder Suggestive disorder No disorder

FIGURE 4 Prevalence of symptoms of mood disorder before and after pulmonary rehabilitation (PR) for a) Hospital Anxiety and Depression
Scale-Anxiety (HADS-A) and b) HADS-Depression (D). No disorder: HADS-A/D ⩽7; suggestive disorder: HADS-A/D 8–10; probable disorder: HADS-A/D ⩾11.
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regression and ROC plots were used to estimate change in HADS-D corresponding to the established MID
of the anchors [33]: MRC −1, CRQ-Dyspnoea 2.5, CRQ-Fatigue 2, CRQ-Emotion 3.5, CRQ-Mastery 2,
CRQ-Total 10 [35] and KBILD-Psychological 5.4 [26] (supplementary table S5). For linear regression and
ROC plot analysis, the respective range of MID estimates was −1.2– −0.6 and −1.5– −0.5 (range: area
under the curve 0.57–0.72; sensitivity 59–72%; specificity 53–72%). The distribution-based MID estimates
were 0.5×SD −1.5 and SEM −1.9. In total, we provided 16 estimates of the MID of HADS-D
(supplementary table S5). The mean (range) of these estimates was −1.2 (−1.9– −0.5).

Discussion
To the best of our knowledge, this study comprises the largest cohort of IPF participants undergoing
pulmonary rehabilitation. We identified that mood disorder symptoms were present in a significant
proportion of participants, and demonstrated a significant worsening of FVC % pred, core pulmonary
rehabilitation outcomes and symptoms of depression (HADS-A cohort) and anxiety (HADS-D cohort) with
increasing severity of mood disorder symptoms. Following pulmonary rehabilitation, there was a
significant reduction in symptoms of depression, but not anxiety. Subgroup analysis of participants with
suggestive or probable mood disorder at baseline assessment demonstrated significant reductions in
symptoms of anxiety and depression following pulmonary rehabilitation. Mean MID estimates of HADS-A
and HADS-D were −2 and −1.2, respectively.

Prior literature
Our study is the first to report that increasing symptoms of mood disorder is associated with worsening
disease severity, respiratory disability, exercise capacity, health-related quality of life and symptoms of
depression (HADS-A cohort) and anxiety (HADS-D cohort) in an IPF cohort referred for pulmonary
rehabilitation. This contrasts with data in IPF outpatients which demonstrated that increasing mood
disorder symptoms were not associated with exercise capacity or disease severity [5]. These disparities may
be explained by differences in sample size and population: our study versus HOLLAND et al. [5]: n=235
versus n=124; pulmonary rehabilitation population versus ILD outpatient clinic population; 69% male
versus 52% male; exercise capacity 235 m (ISW) versus 427 m (6-min walk test).

There are conflicting data regarding the effect of pulmonary rehabilitation on mood disorder symptoms in
IPF despite all studies reporting similar baseline mean HADS scores. Three studies (two IPF-specific [22, 23],
one ILD [20]) reported no change in mood disorder following pulmonary rehabilitation. In contrast,
DENIZ et al. [21] demonstrated a significant reduction in symptoms of anxiety and depression in ILD

TABLE 3 Response to pulmonary rehabilitation in participants with Hospital Anxiety and Depression Scale-Anxiety (HADS-A) ⩾8 and
HADS-Depression (HADS-D) ⩾8

HADS-A ⩾8 HADS-D ⩾8

Baseline Response to pulmonary
rehabilitation

p-value Baseline Response to pulmonary
rehabilitation

p-value

Participants 81 86
MRC 4 (3–5) −1 (−2–0.0) <0.001 4 (2–4) −1 (−1–−1)# <0.001
BMI (kg·m−2) 27.5 (24.1–30.7) 1.5 (−5.6–7.5) 0.46 27.2 (24.0–30.6) 0.3 (−5.3–4.7) 0.98
HADS-A 11.2±2.8 −4.5 (−5.7–−3.4)# <0.001 9.1±4.8 −1.5 (−2.0–−1.0)# 0.04
HADS-D 9.1±3.9 −1.7 (−2.8–−0.6)# <0.01 10.0 (9.0–12.0) −4.0 (−6.0–−1.0) <0.001
ISW (m) 180 (75–280) 30 (0–65) <0.001 175 (80–270) 50 (0–100) <0.001
CRQ-Dyspnoea 14.0±6.0 4.2 (2.6–5.8)# <0.001 13.4±5.2 5.3 (3.5–7.1)# <0.001
CRQ-Mastery 15.1±6.1 1.3 (0.0–2.6)# 0.04 13.7±5.4 2.4 (1.1–3.7)# <0.001
CRQ-Fatigue 11.7±5.1 2.1 (0.8–3.4)# <0.01 10.7±4.1 4.0 (2.8–5.1)# <0.001
CRQ-Emotion 26.4±9.1 1.8 (−0.0–3.7)# 0.052 23.3±6.7 5.2 (3.1–7.3)# <0.001
CRQ-Total 67.3±22.5 9.4 (4.6–14.2)# <0.001 60.9±17.2 17.0 (11.8–22.2)# <0.001
KBILD-Psychological 49.1 (41.5–56.6) 4.1 (−1.1–9.2) 0.17 45.1 (38.5–50.5) 6.6 (1.7–15.7) <0.01
KBILD-Breathlessness
and Symptoms

34.7±14.4 6.9 (3.0–10.8)# <0.01 32.9±14.7 7.7 (4.0–11.4)# <0.001

KBILD-Chest 54.6±22.3 7.6 (1.6–13.6)# 0.01 52.0±21.6 9.7 (3.6–15.7)# <0.01
KBILD-Total 49.7 (44.6–56.4) 3.9 (−0.5–7.0) 0.31 47.2 (43.2–54.8) 5.4 (0.0–12.2) <0.001

Data are presented as n, median (interquartile range) or mean±SD, unless otherwise stated. MRC: Medical Research Council dyspnoea scale;
BMI: body mass index; HADS-A/D: Hospital Anxiety and Depression Scale-Anxiety/Depression; ISW: incremental shuttle walk test; CRQ: Chronic
Respiratory Questionnaire; KBILD: King’s Brief Interstitial Lung Disease Questionnaire. #: data are presented as mean (95% CI) change.
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(n=81, of which n=38 IPF). Our study demonstrated significant reductions in symptoms of depression, and
a trend towards reduction in anxiety. These differences may be because our study included a larger sample
size, an IPF-specific population and a cohort where the majority did not have any suggestive or probable
mood disorder. One study has investigated the response of mood disorder in people with IPF with baseline
mood disorder symptoms and reported no change following pulmonary rehabilitation [23]. In contrast we
demonstrated a significant reduction in these symptoms. This difference may be due to the duration of the
intervention (our study 8 weeks versus 3 weeks in the study by JAROSCH et al. [23]).

Our study is the first to report MID estimates of HADS following pulmonary rehabilitation in IPF. Our
estimates of −2 and −1.2 for HADS-A and HADS-D, respectively, are similar to data reported in other
chronic lung disease populations, which provides confidence in our results: HADS-A: COPD −1.5 [15],
−2– −1.1 [16]; bronchiectasis with HADS-A ⩾8: −2 [18]; HADS-D: COPD −1.5 [15], −1.8– −1.4 [16];
and bronchiectasis with HADS-D ⩾8: −2 [18].

Clinical significance
This study demonstrated that suggestive or probable anxiety and depression were present in 35% and 37%,
respectively, of people with IPF referred to pulmonary rehabilitation. In our study, <5% of participants
with mood disorder symptoms were prescribed medication for these conditions (similar to IPF outpatients [11])
and indicates that mood disorder may be underrecognised and undertreated

Anxiety symptoms did not reduce with pulmonary rehabilitation in the whole cohort, possibly because the
sample size was underpowered or the cohort included a significant proportion without significant anxiety,
i.e. low baseline HADS-A scores. Additional reasons may include anxiety about IPF, e.g. disease trajectory
and prognosis or components of pulmonary rehabilitation. Future research should corroborate or refute
these data and explore the experience of people with IPF and anxiety undergoing pulmonary rehabilitation.

Participants with HADS ⩾8 at baseline achieved statistically and clinically significant (MID achieved)
reductions in HADS-A and HADS-D following pulmonary rehabilitation; however, 23% and 26% still
showed a HADS-A and HADS-D ⩾8, respectively. Future research should investigate interventions that
improve symptom burden.

Our study provides MID estimates of HADS-A and HADS-D in response to pulmonary rehabilitation. This
may help healthcare professionals evaluate whether their pulmonary rehabilitation programme provide
clinically meaningful results in IPF in terms of mood disorder. In addition, it may aid researchers in
evaluating the efficacy of interventions on mood disorder in IPF.

Strengths and limitations
This study has multiple strengths. To the best of our knowledge, it is the largest study to investigate the
response of HADS to pulmonary rehabilitation and the first to provide MID estimates in IPF, which
provides confidence in our results. Mood disorder was measured using a validated outcome measure
(HADS) and pulmonary rehabilitation was performed in line with national guidance. However, a limitation
was the absence of a control group; the ethics committees did not consider it ethical to deny participants
with IPF the opportunity of pulmonary rehabilitation, given its recommendation in national clinical
guidance documents [36]. Another limitation is that the HADS was primarily designed as a screening tool,
and not as a longitudinal tool to assess the effects of intervention. However, the HADS has been widely
used to investigate longitudinal change [37] and response to interventions in various populations including
medication (tocilizumab) for people living with rheumatoid arthritis [38], self-management tools for the
management of spinal pain [39], cardiac rehabilitation [40] and pulmonary rehabilitation [15, 16, 18].
Pulmonary rehabilitation is a complex intervention which includes exercise, educational and social
components (group-based programme). However, the study was not designed to understand the component
of pulmonary rehabilitation that is most influential on mood disorder symptoms. Furthermore, we are
unable to comment on the long-term effects of pulmonary rehabilitation on mood disorder.

In conclusion, we have demonstrated that mood disorder is present in a significant proportion of people with
IPF referred for pulmonary rehabilitation. Following pulmonary rehabilitation, there was a significant reduction
in symptoms of depression, but not anxiety. Subgroup analysis of participants with baseline mood disorder
demonstrated significant considerable reductions in both symptoms of anxiety and depression following
pulmonary rehabilitation. Mean MID estimates of HADS-A and HADS-D were −2 and −1.2, respectively.

Provenance: Submitted article, peer reviewed.
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