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Abstract
Objective: To determine the rates of 
new-onset anxiety and depression in 
patients with restrictive or obstructive 
lung disease after COVID-19 infection and 
to assess the improvement in pulmonary 
functions and anxiety/depression 
scores after prescribing incentive 
spirometer-based breathing exercises. 

Methods: A 2-phase study with a cross-
sectional and open-label randomized 
interventional design evaluated anxiety 
(Generalized Anxiety Disorder-7 
[GAD-7] and Hamilton Anxiety Rating 
Scale [HARS]), depression (Patient 
Health Questionnaire-9 [PHQ-9]), and 
pulmonary function tests (PFTs) of 100 
COVID-19 patients within 8 weeks of 
acute illness. Patients with pulmonary 

dysfunction were randomized (incentive 
spirometry vs controls), and anxiety/
depression scores and lung function 
were reevaluated after 4 weeks.

Results: The results revealed 35% 
(35/100) of mild-moderate COVID-19 
patients had abnormal PFTs. Anxiety/
depression was higher in patients 
with abnormal PFTs than in those 
with normal lung function (prevalence 
ratio: 1.8 [20% vs 11%]). The median 
HARS, GAD-7, and PHQ-9 scores 
decreased significantly with 4 weeks 
of incentive spirometry exercises (2 
[0–5.5, P = .013], 2 [0–3.5, P = .006], 
and 2 [0–3.5, P = .006], respectively) 
compared to standard of care alone. 
More patients with incentive spirometry 
had normalization of pulmonary functions 

compared to controls (50% [8/16] vs 33% 
[6/18]). The mean age of patients with 
anxiety/depression was significantly 
higher than those without anxiety/
depression (42 ± 11 vs 30 ± 7, P = .04).

Conclusions: While the rates of new-
onset anxiety/depression were higher 
in patients with pulmonary dysfunction, 
these rates were reduced with 
incentive spirometer-based exercises. 
Greater age may be a risk factor for 
abnormal pulmonary functions and 
greater anxiety or depression.
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Current evidence suggests that the lungs are the 
primary organs affected by COVID-19 infection.1 
Research indicates that patients with COVID-19 

may experience persistent impairment in respiratory 
function even after discharge. Altered diffusion capacity 
and restrictive and obstructive lung defects were noted 
in 39%, 15%, and 7% of patients, respectively.2 Also, 
COVID-infected patients have higher rates of depression 
and anxiety. There is substantial literature supporting 
the hypothesis that respiratory illnesses such as asthma 
and chronic obstructive pulmonary disease (COPD) can 
predispose or worsen panic and anxiety disorders.3
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Clark’s cognitive model4 explains the relationship 
between anxiety and respiratory illnesses. According to 
this model, misinterpretation of ambiguous sensations 
such as shortness of breath increases arousal, creating 
a positive feedback loop leading to anxiety.3,5 It has 
also been observed that pulmonary disease could 
unmask anxiety in susceptible patients because 
of recurrent episodes of hypercarbia and acidosis, 
which can trigger a suffocation alarm system.5

Literature examining the association between 
pulmonary dysfunction induced by COVID-19 infection 
and anxiety or depressive disorders, to our knowledge, 
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Figure 1. 
Study Flowchart

Abbreviations: COPD = chronic obstructive pulmonary disease, PFT = pulmonary function test.
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Total post-COVID patients presented to post-COVID clinic from February 2022 
to September 2022 (N = 133)

Excluded (n = 26)
• Pediatric (n = 2)
• Age > 65 y (n = 24)

Post-COVID patients enrolled in study (n = 107)

Excluded with reasons (n = 7)
• Not able to perform PFT (n = 2)
• Preexisting pulmonary problem 
   (COPD) (n = 3)
• Preexisting anxiety (n = 2)

No PFT abnormality
(n = 65)

PFT abnormality
(n = 35)

Incentive spirometry
arm (n = 17)

Standard of care
control arm (n = 18)

Analyzed
(n = 16)

Analyzed
(n = 18)

Post-COVID patients examined for PFT abnormalities and 
anxiety/depression scores (n = 100)

is scarce. The objective of this study was to assess the 
rates of respiratory dysfunction and new-onset anxiety or 
depression in patients with mild to moderate COVID-19 
infection and to determine whether improving pulmonary 
functions with the help of incentive spirometer-based 
breathing exercises can alleviate anxiety/depression.

METHODS

Study Design
We conducted a 2-phase study (cross-sectional design 

and open-label randomized interventional design) 
between July 2022 and December 2022 at a post-
COVID follow-up clinic after obtaining institutional 
ethics committee approval (AIIMS/BBN/IEC/
SEP/2021/73-A). The trial was registered in Clinical Trials 
Registry–India (identifier: CTRI/2022/11/047183).

Patients
Patients included consecutive adults aged between 18 

and 65 years who presented with respiratory complaints 
(dyspnea, cough) within the past 8 weeks of acute 
COVID-19 illness. We excluded patients with preexisting 
restrictive/obstructive lung diseases, those who could not 

Clinical Points
•	 Post-acute COVID-19 patients are at risk of developing 

restrictive pulmonary dysfunction.
•	 New-onset anxiety/depression was twice as likely in 

those with pulmonary dysfunction.
•	 Incentive spirometry improves anxiety and depressive 

symptoms, in addition to providing gains in pulmonary 
function.
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perform a pulmonary function test (PFT), those who could 
not be assessed for anxiety or depression due to intellectual 
disability, and those with preexisting anxiety or depression.

Objective and Research Question
The primary objective was to determine the rates of 

new-onset anxiety/depression in patients with restrictive 
or obstructive lung diseases after COVID-19 infection. 
The secondary objective was to assess the improvement 
in pulmonary functions and anxiety/depression scores 
after prescribing breathing exercises. The research 
question was whether COVID-19 patients with pulmonary 
dysfunction would suffer from anxiety or depression.

Data Collection
Demographic parameters, baseline characteristics, 

and respiratory and psychiatric symptoms were captured 
through interviews during patient visits to the clinic. 
Pulmonary functions were assessed using a handheld 
ultrasonic spirometer (NDD Easy on PC spirometer, 
TrueFlow Technology). A minimum of 3 acceptable 
spirograms were performed for each patient. TV (tidal 
volume); VC (vital capacity); IRV (inspiratory reserve 
volume); ERV (expiratory reserve volume); IC (inspiratory 
capacity); FEV1 (forced expiratory volume in the first 
second); FVC (forced vital capacity); FEV1/FVC, PEFR 
(peak expiratory flow rate); and MEFR (mid expiratory 
flow rate) were recorded. Patient values of FEV1, FVC, 
and FEV1/FVC were compared with the predicted values 
derived from a study by Chhabra et al.6 A patient was 
categorized to have an obstructive ventilatory pattern 
when FEV1/FVC < 0.7, a restrictive ventilatory pattern 
when FEV1/FVC ≥ 0.7 and FVC < 0.8, or a normal 
ventilatory pattern when FEV1/FVC ≥ 0.7 and FVC ≥ 0.8.

Anxiety was diagnosed according to the ICD-10 
Diagnostic Criteria for Research. Further anxiety in these 
patients was assessed using the Hamilton Anxiety Rating 
Scale (HARS)7 and 7-item Generalized Anxiety Disorder 
scale (GAD-7).8 Depression was rated using the 9-item 
Patient Health Questionnaire (PHQ-9).9 Patients diagnosed 
with lung defects were randomized to either 4 weeks of 
flow-oriented incentive spirometer exercises with the 
Triflo device (Teleflex Medical) plus standard of care or 
standard of care alone (which includes pharmacotherapy 
or behavioral therapy as physician directed). Patients in the 
intervention group were instructed to perform incentive 
spirometry for at least 10–15 deep breaths every second 
hour while awake.10 Simple randomization was performed 
using a random sequence generated in Microsoft Excel. 
This was an open-labeled study; however, allocation 
concealment was ensured by not letting the person 
administering PFTs know the next treatment allocation. 
Pulmonary function and anxiety/depression scores were 
reassessed after 4 weeks in both groups. Patients were 
followed up via telephone invitation to the post-COVID 
follow-up clinic 4 weeks after the first assessment.

Sample Size and Data Analysis Plan
The sample size was estimated based on the prevalence 

rates of 40% residual pulmonary dysfunction in post-
COVID patients with an α of 0.05 and a margin of error 
of 10. The sample size was estimated to be 96 patients 
rounded to 100. Summary statistics were reported 
using mean and standard deviation for continuous 
variables and median and interquartile range (IQR) for 
non-normally distributed variables. Bivariate analyses 
using the χ2 test and t test were used to compare the 
predictors. Wilcoxon signed-rank and McNemar tests 
were performed for after-test comparisons. All analyses 
were carried out using Stata version 17 (StataCorp).

Table 1. 
Baseline Characteristics of the Study 
Population With and Without Pulmonary 
Function Abnormalities

Variable
Normal PFT

(n = 65)
Abnormal PFT

(n = 35) P Value
Age, mean (SD), y 30.6 (6.2) 31.9 (9.2) .39
Male, n (%) 39 (60) 27 (80) .09
BMI, mean (SD), kg/m2 25.1 (3.6) 25.2 (3.1) .84
Comorbidities, n

HTN 2 0 .44
Hypothyroidism 2 1
Obesity 1 2
Bronchial asthma 1 2

COVID-19 severity, n
Mild 60 30 .31
Moderate 5 5

Smoking, n
Yes 2 8 .002

6-minute walk test SpO2, 
median (IQR)

99 (98–99) 98 (97–99) .003

Head of family, n (%) 18 (27) 9 (25) .9
Lone earner, n (%) 11 (17) 8 (23) .4
Death in family
or of close relative, n (%)

10 (15) 6 (17) 1.0

Job loss, n 1 1 1.0
Anxiety or depression, n (%) 7 (11) 7 (20) .33 

Prevalence ratio: 
1.8

HARS, median (IQR) 1 (0–3) 2 (0–4)
Mild, n 3 2 .15
Moderate, n 0 2
Severe, n 0 1

GAD-7, median (IQR) 0.5 (0–3) 1 (0–2)
Mild, n 2 2 .89
Moderate, n 1 1
Severe, n 0 2

PHQ-9, median (IQR) 1 (0–2) 1 (0–3)
Mild, n 6 3 .18
Moderate, n 0 2
Moderately severe, n 0 0
Severe, n 0 1

Abbreviations: BMI = body mass index, GAD-7 = 7-item Generalized Anxiety 
Disorder scale, HARS = Hamilton Anxiety Rating Scale, HTN = systemic 
hypertension, IQR = interquartile range, PFT = pulmonary function test, 
PHQ-9 = 9-item Patient Health Questionnaire.
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Figure 2 
A–F. Paired Coordinate Plots Show HARS, PHQ-9, and GAD-7 Scores at Baseline and After 4 
Weeks of Incentive Spirometry or Standard of Carea,b

aA, C, E: intervention subjects (incentive spirometry + standard of care). 
bB, D, F: control subjects (standard of care only).
Abbreviations: GAD-7 = 7-item Generalized Anxiety Disorder scale, HARS = Hamilton Anxiety Rating Scale, PHQ-9 = 9-item Patient Health Questionnaire, WSR =  

Wilcoxon signed-rank test.
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RESULTS

Among 133 post-COVID (aged 18–65 years) patients 
who presented to the clinic during the study period, 
33 were excluded, and the remaining 100 patients 
were deemed eligible for the study (Figure 1).

Pulmonary Function Assessment
Among 100 COVID-19 patients examined, 35 had 

abnormal PFT in the form of restrictive: 33 (33%), 
obstructive: 1 (1%), or mixed lung: 1 (1%) defects. The 
comparison of baseline characteristics in patients with 
and without PFT abnormalities is shown in Table 1. 



Prim Care Companion CNS Disord 2023;25(5):23m03490  |  Psychiatrist.com 5

Post-COVID Lung Dysfunction and Anxiety/Depression

Figure 3. 
Bar Graphs Show PFTs at Baseline and After 4 Weeks of Incentive Spirometry 
(A) or Standard of Care (B)a,b

aA: intervention subjects (incentive spirometry + standard of care). 
bB: control subjects (standard of care only).
Abbreviation: PFT = pulmonary function test.

BA McNemar
test
P =.03

McNemar
test
P =.03

Normal Spirometry Abnormal Spirometry
Normal PFT Abnormal PFT

Before AfterBaseline PFT After Incentive Spirometry

Patients with lung defects had a statistically higher 
number of tobacco smokers and lower median oxygen 
saturation levels than those with normal lung functions.

Association Between Abnormal PFTs and 
Anxiety/Depression in COVID-19 Patients

The results revealed that 20% (7/35) of patients 
with lung defects had anxiety/depression, as 
opposed to 11% (7/65) with normal lung functions 
(prevalence ratio: 1.8 [20% vs 11%]) (Table 1).

Association Between Age and Anxiety
Among 35 patients with lung defects, as assessed 

by PFT, it was observed that the mean age of patients 
who had anxiety/depression was significantly 
greater compared to those without anxiety/
depression (42 ± 11 vs 30 ± 7 years, P = .04).

Patient Follow-up
Thirty-five patients with pulmonary dysfunction 

were randomized into 17 patients in the incentive 
spirometer group and 18 in the control group and 
were followed up after 4 weeks. One patient was lost 
to follow-up in the intervention group compared to 
none in the control group. A Wilcoxon signed-rank 
test showed a significant reduction in median HARS, 
GAD-7, and PHQ-9 scores (decreased by 2 [IQR: 
0–5.5, P = .013], 2 [0–3.5, P = .006], and 2 [0–3.5, 
P = .006], respectively) at 4 weeks from baseline in 
the incentive spirometry group, while there was no 
statistical difference in the control subjects (Figure 
2A–F). Pulmonary functions were normalized in 
50% (8/16) of the patients after 4 weeks of incentive 
spirometry compared to 33% (6/18) in the control 
group without breathing exercises (Figure 3A and 3B).

DISCUSSION

The results of our study demonstrate that 1 in 3 
patients with COVID-19 infection suffered from some 
element of pulmonary dysfunction in the post-acute phase 
illness. While many had a milder form of lung defect, the 
most common form was restrictive abnormality (33%). 
Tobacco smoking was a significant risk factor associated 
with lung defects. Persistent interstitial changes, fibroblast 
activation due to viral lung injury, and respiratory muscle 
fatigue are proposed mechanisms of COVID-19–induced 
restrictive lung disease.11 The finding of restrictive patterns 
of lung defect is in line with many long COVID patients.12,13

The overall rates of new-onset anxiety or depression 
was 14% among mild to moderate COVID-19 survivors. 
These rates are lower than those reported in earlier 
studies.14,15 We speculate that the phase of the pandemic 
might have had an impact on these rates. Our study 
was conducted when the incidence of COVID-19 cases 
was low and vaccination rates were high. Both factors 
might have led to lower levels of anxiety and depression. 
Importantly, our study shows that the rates of new-
onset anxiety or depression in COVID-19 patients is 
higher in those with abnormal PFTs than in those with 
normal PFTs (20% vs 11%, respectively, and a prevalence 
ratio of 1.8). This finding supports our hypothesis that 
pulmonary dysfunction and anxiety and depression 
are strongly associated. Our results support previous 
reports of high mental health comorbidity in patients 
with COVID-19–related pulmonary dysfunction.16

Furthermore, our study revealed that with 
improvement in respiratory functions with the incentive 
spirometry exercises, anxiety and depression scores 
also significantly declined compared to those of patients 
who did not perform breathing exercises. These findings 
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further strengthen our hypothesis and imply that COVID-19 
patients with residual pulmonary dysfunction should be 
screened for anxiety and depression and that clinicians 
must be mindful of improvements in anxiety and depression 
with breathing exercises, in addition to gains in respiratory 
function. Some theories have been postulated to explain 
improvement in depression or anxiety following breathing 
exercises. First, hyperventilation is one of the main events 
that frequently occur in anxiety. Breathing exercises 
decrease carbon dioxide and improve oxygen delivery to 
the tissue that consequently induces a relaxation response. 
Termed a rational placebo, these relaxation exercises also 
form a “distracting tasks to practice” that promote “a feeling 
of control.”17 Evoking these positive emotions leads to 
activation of the brain reward system, which further reduces 
anxiety.18 Lastly, pulmonary rehabilitation facilitates 
desensitization to shortness of breath, anxiety, and 
depression.19 A review by Wang et al20 also emphasized the 
role of pulmonary rehabilitation in improving respiratory 
function and anxiety and depression symptoms in 
COVID-19 patients. Nevertheless, higher rates of restrictive 
lung defects observed in our study prompt vigilance and the 
need for follow-up of COVID-19 survivors with lung defects. 
Beyond the context of COVID-19, evidence that controlled 
breathing exercises improve anxiety and depression in 
patients with respiratory disorders is equivocal: positive in 
COPD and asthma and harmful in lung cancer patients.21–23

Strengths and Limitations
This study is one of few aiming to understand the 

association between pulmonary functions and common 
anxiety and depression symptoms. A clinician-rated 
tool to complement the subject rating of anxiety was 
used to improve the validity. Use of a control arm, 
blinded treatment allocation, and inclusion of follow-up 
assessments add to the study’s strengths. Study limitations 
include a restricted sample size for assessing the secondary 
objective, unknown baseline pulmonary functions of 
the study cohort, and lack of real-time monitoring for 
compliance with incentive spirometry. The phase of the 
pandemic when the study was conducted might have 
influenced the prevalence of pulmonary dysfunction 
and anxiety and depression symptoms. This study was 
conducted when the pandemic was more under control 
after the second wave of the pandemic in India, with less 
virulent circulating strains, greater vaccination rates, and 
a greater sense of relative safety. Also, tools such as the 
State-Trait Anxiety Inventory24,25 would have helped to 
distinguish state anxiety (ie, coexistent with pulmonary 
dysfunction) from that of trait anxiety (ie, preexisting 
vulnerability to anxiety) in our study participants.

CONCLUSION

Results of our study indicate that many post-acute 
COVID-19 patients persisted with mild to moderate 

pulmonary defects, particularly the restrictive pattern. 
Anxiety/depression is twice as likely to be associated 
with pulmonary dysfunctions. Age is a significant 
risk factor for anxiety and depression in those with 
abnormal PFTs. Breathing exercises after post-acute 
COVID infection improve pulmonary functions and 
anxiety and depressive symptoms. Our study findings 
suggest use of incentive spirometer-based breathing 
exercises for psychosomatic rehabilitation in COVID-19 
survivors with persistent pulmonary dysfunction.
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